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ABSTRACT

Lo AYste A TS o] B2 P2 Hs]7] 915 20199 99H 25 At ol A AdHe o8-}
St Ao s 27e AR 918l A7t A4 ste il st HAE 3540 99d vk, A2 2 H
e B 25 A5e, A5, AbsElet g Actolls Hlwd 2 4 (14-24 m)oll A 7w Zet2) 7 i
5T, F AE AL 9F 4.9 hao| et @2 X oll= 3~5 mO] 41Ol A AL A 2F 0.9 hao] AmE|To] At gl
Ao 2 ettt SAM T L] Bt D=t AT Z2H2E 121.949.7 shoot m™?2} 99.0+13.2 gDW m™ 2 A A2 HE {25t
Zpol7F UFERLA] @Rk ar, A e et o] A8 oF AA e 712} 193.8+18.8 shoot m?2} 102.6+6.8 gDW m™>2 LFENI T 225 9]
FAH R AT ZA] A2 YT T HAE e A Folta Felete] A d et Heh 32 ghe B
o 2 A7 E &5 9 A gL A A 2= HIsH, iR e 7o o A H 25 o H o HEV} o
BHRQEQ eAHE T A Y B oo §-83 7| 22 =2E AT Zolth

To examine distribution of the Zostera species growing naturally in Ulleungdo, scuba diving surveys using ships were conducted along
the coast and inside the harbors of the island at the end of September 2019. In areas of seagrass occurrence, environmental factors such
as nutrient concentrations in water column and sediment pore water, salinity, and sediment organic content were also analyzed. Zostera
caulescens meadows appeared in the relatively deep waters (14 —24 m MSL) of Cheonbu-ri, Jeodong-ri, Sadong-ri, and Namyang-ri in
Ulleungdo, and the total seagrass coverage was approximately 4.9 ha. Approximately 0.9 ha of Zostera marina meadow was found at
the depths of 3-5 m MSL within Hyeonpo-hang in Hyeonpo-ri. The average shoot density and biomass of Z. caulescens were
121.949.7 shoot m™ and 99.0+13.2 gDW m’?, respectively, with no significant differences by location. The average shoot density and
biomass of Z marina were 193.8+18.8 shoot m? and 102.6+6.8 gDW m?, respectively. The nutrient concentrations in the sediment
pore water and sediment organic content in the seagrass meadows in Ulleungdo were lower than those in eelgrass meadows on the
southern and eastern coasts of Korea. These results will provide useful basic information for the marine protected species, Z.
caulescens and Z. marina, and for the conservation of the waters of Ulleungdo, which has been designated as a marine protected area.
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st ‘W(Klm and Lee, 2008). 5= -¢-2Ute] JEA ZH % gop e, 44t 9l 5421l ZSHOA = o F-a5)ct.
T o2 FEAIL FHRO 11 J PARERO] FRFE 1, o] AAMPdR= &5 1A o] BRlghRel WAty o] 5
AlBZe o] THslo] AF71A7F =2 ofFo] thf Basks Lajuake] a3t o] Zo|thMyoung ef al., 2005). &5
T o)kl she FEH X214 2T 213 4 EAo] AR E|o] WP AES] W7 ST okl QLA FZolle fulAA
AIARIA-FAFSAE =8lokL Qo] = RIE2] Iilo] Bojz] n Qlrt.
S/l YEA] *Jﬁﬂ, A F-87d| Hlsf ] Eo_ AL AR.0] SAE= v A B AAo|t). 225 PEAL
of Tt A= F2R AR Wt A7t FE o1FL 2 I:‘r T 0] AT 21241 it A= 1950 A o] 5 EAS} = o]
(Kil et al., 2006) X]:lw}z L5 931/}313—'—4624—/] AAS slelstal 9ltk(Yang ef dl.,
2015). 210 o &5 oH F A= Sl Hs 1 AZtE]o] 225 A9k Sl7AKKang, 1966), ZAZ|H o F(Paik,
1986), ZHTAE F(Rho et dl., 2010) o1 F(Myoung et al., 2005; Yang et al., 2016), 17 w-4(Kim e al., 2016) 50 A=S
ARssial it 12U AE7A T &5 OS_CL | 25kl Q= skt dabakE o] dgde] thet A A= AFet A7gol).
= S FATEAER ol 3 22 190l A8 P skt d8H4Eo]thden Hartog, 1970). 2= ZA|A] ALt
of] °F 60 ofF-o] L5, L2t} Aol 9%01 ZJ511 YrhKim ef al., 2009). FHAPEA] = Tkt o} £ E9)
ARES AAZE AFgSal(Hovel ef al., 2002), sl 423 3lol= alfollA 533 A 71's(Thomas and Cornelisen,
2003) egokar Qlok. T1euh 2 4 A B9 A *ﬂﬂl@iﬁ AMFTAY, FgUdst 5] Q191791 g9l0 2 HmA82]|7}
HA5] g o] tho] Fulrt s 00 = FFE 0] )13 (Orth er al., 2006), 2Ll A= TR el Ale] 2 5l
ol Tt HE(MOF, 2007) 01 171510 6%-0] 21l E SR P2 E 24 sto] Talska ek
S AFEEU el Sk ge] 1 A4gsH o2 oF ik St L) At A5 E|7] ok Tl o 2 gh=to] Zet
ntyAat el A 2 e ]alsle] ZHolE S x]oks Tk Eolet AFAEIAIS A5 Ytk (Lee ef l., 2006). 2250
goli=TUCN 7|20l 2 AFl2d 217 34 E0] BEL71E(CR) 927, 971E(EN) 642 %, FEHVU) 128770] 9
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1, 235 218 BESP ] oPEA=o] 19 18R 26 3w, e A S84 5 sa okl oHD*FJ‘- TR
TS AR AP S5 I EATAIEC] 33RO HATE Y gtk Yang ef al., 2015). £ A= 255 At A%

e o 521 2] 2 0% RS ZApolo ) A2 B o, 5 o) ﬂuialm =
B GRS 2510} 25 2114 Fi Q1914 Fo 2 o] F Al eto] wske Atk 7242 S AgskiAl gk

2.1 ZARR| 72

S5 e EAE ZIlole] F 43709 Al o= g Eo] Rlom, ZFY 71k 8291 AR &1 S AR °F 130 km 7
gof ek 2% HA4.837°26" 33"N-37° 33" 43"N, 130° 46" 35"E-130° 56  55"E°] §2|51H, B2t @71 JH)
2 E5- A ko] 12 k2 7P A3 BA- ek oF 8 kn2 A 7H At Ed1E 2F 53 km, 2]3178-2 3l 984.5 m 2]
B0 T BN AR AP Elle- ZHE B (Kwon, 2012). 255 0] SIS thiio] HebdulE o a1 Fof &
oFt GAKH ZAAR | 7hEEt dAote] SAw FA35] Zo ATk Paik, 1986). H FAR= 25 of| EH5H= 72w 2]
ASALS dopr 7] 91512019 9D T T 871 &2 3T -5 ALMS ZAbsto] Am el Hulrt E@5k=5
7N AAE KAgste] 48RS o835 SCUBA diving 0.2 FFZTAME A A5t Fig. 1).
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Fig. 1. Seagrass survey area. Seagrasses observed in dotted area in Ullungdo (CB: Cheonbu-ri, JD: Jeodong-ri, SD: Sadong-ri,
NY: Namyang-ri, HP: Hyeonpo-ri). Stational points indicate sampling sites for morphology, density and biomass of seagrasses
and environmental factors.
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7t Aujetetz] siro] GLE =5 S5 9150 150 mLo] AR o & SE Aol (n=4) A E o5l
FRE = Aol A=A 7] (YSI 85, Yellow Springs, Ohio, USA)E =45t} EHE 3552] JUd-S =451
sl ol Zol(W7 9 em x £°1 13 em) = EJAES AFI5H (n=4) 287t & d5o] Az 2] Baste] ddd=
o551 1, EJHE-S 8,000 rpmollA] 2057 PAlE |5 & 2242 275t 5 BastAk Park et al., 2012). 3} E|A
= 370 e, Ao, Ao Thee SRR S6IH. FEE S e IR ERE 5
A& ©F20 g Hlo]A | golAx7]o] WAl 110°CollA] 24X 1% & A2 & wafiote] 7o got FAE 54 ¢ 4
7]1&20] go] 550 CollA 2417 S]SIATA HIAAOE QtellA A0 2 A7l § &7 BAE S75}] 8]3} d5o] FAIR =

,
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FATK(Park et al., 2012).
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q © 3] 2|51 uht] o] Z& =451k Park e al., 2012).
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= AR, AVFReE AR Zefste] 60°CollA 48417 A3 & Z12H0] AEREe 461, ol Evlz ©9d

A} AAEHgDW m?)yS AstAckPark er al., 2012).

24 SAEM
Sllret BHE Fa0] 9, EEES 718 o Au]o] |, YUt AARF A== normality@F homogeneity of
AFtR AL, Feldo] I 7-9- Duncan

=
O| A2 ARESHTE SAREAE SPSS 10.12 8513101, H= S %= HvH(mean) Tt FE 2 AHSE) = HERSIH:
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255 A9t S5t A EE;s Ful= AME W Zostera caulescens) ™ M2 (Zostera marina) = VFEFSTE.
AN 52, A5, Ae|eh 'efe] detell Edstala, Amed @z o] ol APttt &5=0] 4
Al A2 A2 0F4.9 haZ, 7P B2 AR Y w22 ]= F4 T (3.3 ha) ] Utk 5% AMe] S T2 H]
1A 72 H(14~24 m)ol YR ow, 71 12 e 2fA) = 45-2](20~24 m)ol Sl dxe| o] A= w2t
A= @YW O] FE A Z.0 & 3~5 mO| ol Edstlom, ASHA2 9F 0.9 ha® UFERATH(Fig. 2).
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Fig. 2. Mapping of distributional areas of Zostera caulescens (A: Cheonbu-ri, B: Sadong-ri and Namyang-ri, C: Jeodong-ri) and
Z. marina (D: Hyeonpo-ri) in Ullungdo.
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Fig. 3. Water column and sediment pore water characteristics at the study sites (CB: Cheonbu-ri, JD: Jeodong-ri, SD: Sadong-ri,
NY: Namyang-ri, HP: Hyeonpo-ri). Water column nutrient concentrations ammonium (A), phosphate (B) and nitrate+nitrite (C),
and salinity (D). Sediment pore water nutrient concentrations ammonium (E), phosphate (F) and nitrate+nitrite (G)
concentrations, and sediment organic content (H).
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3.2 o] 42| &HF
FAHEE =] o] Jd e AR Zorh VrERR] THNHL: p=0.245, PO, p=0.220, NO,+NO;:
p=0.226). TAAHE 22| 9] 5 FFHC] Bt T PREH, QAT ditdobdito] F742.240.1 1M, 0.1+0.0
puMTF1.5£0.1 £MO|R O™, Bt HE-5Ie=33.4+0.1 psu|Qlrh. AR E R0 45 L] Bt T ARED,
It it rordatdo] 2421311 120.0 #MY}2.4£0.1 #MO]LOH, Fi5Te+=33.4 psu®] T (Fig. 3).
FAHY 2] A E T4 et BAE fUEeR A Ao |7 UERA] GRSITHNH, : p=0.391,
PO,”: p=0.909, NO,+NO5": p=0.566, IL: p=0.606). =AY Z&F2] 9] E|HE T4 FFH0] B 5= HLESY,
At Aitdrordatol A7t 64.7£3.7 M, 1.5+0.1 MY} 2.140.1 pMO|gom, H2ZE0] Hat FrlEtd>
1.420.0%°130ek. A2 2] EAE 359 YA B vhe dREY, QW ditgrorditdo] 2zt

96.0+5.6 #M, 2.3+0.4 uM7}3.4£0.3 yMO| oW, EJHE G718 T2 2.6£0.1%°|AcH(Fig. 3).
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3.3 2m| Hel, U= LU M2
2] o] P o = AT ] 3.2+0.070= FAE foft Ao |7F e $2981(p=0.883), A 22 4.8+0.27H
2 Ueith aANE] g 2 = dolot o 22 3 [t Zpolrt YR (p<0.01), 1 Batak 2t
11.1£0.3 mm, 16.8+1.0 cm®} 10.5+0.3 mmO|}{t}. AH=[Te] ot J=x &, Fx dolot o &2 27 8.140.3 mm,
13.0+1.0 cm®}7.6+0.3 mm = M THE Tt 217 Yep}. U219 Bt /1A dol= A 2 Eo] 58.7+5.3 cm, 79
274442 3 emZ AwEgo] Aglom, Z|6bg E-2 A Ho] 5.140.1 mm, AHEE-24.7£0.2 mmE S H L]

Table 1. Seagrass species, distributional area, morphology, density and biomass of the seagrasses occurred in Ullungdo.
Seagrass survey was conducted in September 2019. Depth was expressed as MSL (mean sea level). ND means not found

Species Z. marina Z. caulescens
C(I;Zig;igzgjl Hyeonpo-ri Cheonbu-ri Jeodong-ri Sadong-ri Namyang-ri 7 Stastics »
Area (ha) 0.931 0.377 0.527 0.683 3.298
Depth (m) 3~5 20~24 18~20 15~20 14~21
(Type of eadow) (Bed) (Patch) (Patch) (Bed) (Bed)
Morphology
Number of leaves 4.840.2 3.3+0.2 3.2+0.2 3.240.2 3.240.2 0.217 0.883
Sheath width (mm) 8.1£0.3 10.7+0.4° 12.0+£0.2° 10.5+0.2° 11.0+0.3" 5.975 0.004
Sheath length (cm) 13.0£1.0 17.0+0.7% 19.7+0.7° 15.0+£0.9* 15.5+0.2* 9.033 0.001
Leaf width (mm) 7.6+0.3 10.1+0.4° 11.5+0.2° 10.1+0.3* 10.3+0.1° 7.105 0.002
Shoot height (cm) 744423 54.2+6.3° 74.5+2.6° 53.2+£2.1° 52.9+1.1% 8.558 0.001
Rhizome width (mm) 4.7+0.2 4.9+0.2*° 5.340.1°° 4.840.1°* 5.4+0.1° 4.729 0.012
Density (sht m?)
Vegetative 193.8+18.8 93.8+12.0 118.8423.7  112.5¢16.1 81.3£6.3 1.182 0.358
Flowering ND 18.846.3 25.0+0.0 18.8+6.3 18.846.3 0.333 0.802
Total shoot 193.8+18.8 112.5+7.2 143.8423.7  131.3%21.3 100.0+10.2 1.289 0.323
Biomass (g DW m?)
Above ground 77.846.3 54.5+15.5 86.5+9.1 78.9+12.0 54.7+10.5 1.897 0.184
Below ground 24.8+1.2 22.042.6° 38.94+4.3° 39.244.7° 21.343.0° 7.087 0.005

Total biomass 102.6+6.8 76.5£15.6 125.4+13.4 118.1£15.9 76.0£13.2 3.289 0.058
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W3leh A G 9] 71A] Aol(p<0.01)2}F A5HE E(p<0.05)2 FHE 213t 2ol 7} el tH(Fig. 4, Table 1).

AW JoFA], SHAF FH = ZF2F 101.6+8.6 shoot m?, 20.3£1.6 shoot m>7}121.949.7 shoot m2 2 HHH -2
Sk 2o)(FLA: p=0.358, SHA: p=0.802, FHUE=: p=0.323)7F HERFA] ottt Axe] Ameld Jf]o] W=
193.8+18.8 shoot m™ 2 3}A]= 54| STt AV, Z[olF et TheH AT AR =7 v =|do] 2k} 68.6+8.3 gDW
m?, 30.4£5.0 gDW m~7} 99.0£13.2 gDW m™ 2 Z|SHE-E A|QJelal AgH -f-olgh 2lo]7} rERtA] 9kQt o (AN
p=0.184, A5} p<0.01, ZA: p=0.058), 7ML Z}2} 77.8+6.3 gDW m?, 24.8+1.2 gDW m>7} 102.6+6.8 gDW m™
o]|QItk(Fig. 5, Table 1).
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Fig. 4. Morphological characteristics of the seagrasses occurred at the study sites in Ulleungdo (CB: Cheonbu-ri, JD:
Jeodong-ri, SD: Sadong-ri, NY: Namyang-ri, HP: Hyeonpo-ri). Number of leaves (A), sheath width (B), sheath length (C), leaf
width (D), shoot height (E), and rhizome width (F).
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Fig. 5. The shoot density and the biomass of the seagrasses occurred at the study sites in Ulleungdo (CB: Cheonbu-ri, JD:
Jeodong-ri, SD: Sadong-ri, NY: Namyang-ti, HP: Hyeonpo-ri). Vegetative shoot density (A), flowering shoot density (B), and
total shoot density (C), above ground biomass (D), below ground biomass (E), and total biomass (F).
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2 2S5 Aol Aok AedE =
Feut Eolst, HﬁHOJ, weliete]] o] 2717k4] WAl
§F gke] o] =& AAlshH Syt dAgke] o
(FIRA, 2019). AH T2 Z7-0] 5-50] H|w A ZJZFJ 141‘?}01@ H*‘o}ﬂi et 7%131@“4 °F80% ool ‘éﬁHOJ

of| 1xIstar, tharA] w2t A -8t 2171 H 52(450 ha)= FefA ATHKim et al., 2012). &5 =0 FAH T2
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0] FE A 5 Aol b Aol Hlsl, Ameld A 591 Aol e LEhA] 2Skar darsdiout Ajgtal o=
ZEHSI. ol= At o] Bl ] hibs] Zojx)= hit: FEof Hs &5 = AA%He] o] w4 ] Zlof AL, HiiE
o] sfiotile] TS o] Fal =o] Aol 2R7t et 2] GFor Helrk(Paik, 1986). =55 TR H o] W
T2 2T =A T 9] QL Z, A Zo] 5o FEjA B4, s AAAFE 992 v 4 3= Ao|th(Lacy and
Wyllie-Echeverria, 2011). & ZA} Aufol| A &2 HAoto] 2| 7212 (14~24 m)= Soiot} Al AT o] -7

2] 222 (5~10 m) ot 22 F4lof| Z@oka QrhKim er al., 2014; FIRA, 2019). @E5HH An] g 7e42](3~5 m)&

ol A F2R](2~3 m)of] BIsh A 22 4-4lofl YeRdth(Lee er al., 2005). o= =5 5% 1 s o] £ =7t
ol BAMA 7} Z)ojA 4= Qlo)(Dennison ef al., 1993) WL EEofA B} 7)o rlof| A Zaj7t J87bset 7o g
==},

At o = 2l o ef], AU L F YA 7587, -2 FIE Tl = ARMEA Hk(Lee et al., 2007). &
] o] YEI G2 F 2 F5g el EshH, S5 TNO] 7S ARdA EEEE 59 R 549
A2 THGallegos ef al., 1990). 2221 9] 1t S F-Fo| T2 JFS A A dg) AdAF S fsl= &
Q& AlEeTh et Bl A E U] U9d sk XHJH el YRS 5 o, FRE 3= W 99E 5
E7F =2 Aol Aok Falrt =2 A E Al UERHTH B ATE] 3 QITK Lee ef al., 2007). &35 AT F&X
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