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Abstract

This study was identified the distribution of vegetation in domestic estuaries and analysed the

relationship with environmental fcators based on the health assessment data of the estuary ecosystem surveyed
between 2016 and 2018. Of the 325 estuaries surveyed, 187 vegetation communites were investigated in
300 estuaries and 53 halophyte communites accounted for 28.3%. No vegetation distribution was found in
the other 25 estuaries. Considering the circulation of estuary, 41 halophyte communites were investigated in
open estuaries and 26 halophyte communites in closed estuaries. As a result of canonical correlation analysis
(CCA) between the entire distributed vegetation community and environmental factors, salinity (conductivity),
T-N, and T-P concentrations were strongly correlated. Among the riverbed material materials of the estuary,
the composition ratio of silt, sand, and pebble was the most correlated. Therefor, it is estimated that the
distribution location of the halophyte communites were differentiated by being influenced by the sea ares,
estuary circulation type, resistance to salinity and riverbed material ratio.
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2 o]9]| 7] 213ttt (Westen and Scheele, 1996; Kwon, 2010).

o|¢} Zro] MIEW s57t FESh= s AL E ALY
YA Ao|AhzA S5t Tt A= AAE
2 Aotz 9 7)5S 7ML Yle AR AeFow
HAZMA 7} & AFol sigstn 53] f2uehs 390
Hitho|HA =53 FH o S84, o|3eHy S 7R+
HAZIA7F #& 38 ER3kaL ok aFolA Asieh
ZA7EE] Zpol7F 231 G2 2 E Ak e §f
kAol BRI FHIE o] R Slo] A ES HIERS U
g AAE WP FHFFE] g SN AT 5= 3
L AL AYa Yok(Lee et al., 2019).
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Saote] A4S sjotilo] BEEL HRE SebAlTet
lo] Wesigion] AL JH o s 9Fs d
XS] BESIL QlofA] Aol Mkt 7] ghon.

A5 FEho] H|Z£o| Lol AfF oz GAAES
G2 vl A A YEbdTh(Lee et al., 2019).
Gaiehe Abule] whgro] wioksh Wolol s AR e
871 mZoll AAe] trefdol Mafigke] wlste
m Ak} Zo] Ao whet thE Aao]
g glovt AEgee] epge vronf Zrjst
JAEY A vFo] we 59 AT St
(Lee et al., 2019).

0]} Zro| TSR METIRAY 9 EE3 PE AJAT
7ke] wIola $AATE A, o7t R A2 FA
As, AulE Ao 3t 5 Tt A Mu2E Al
Sl FRT B F- Rl AN B2 E %
iR 24 B0z glate] 2|41l Fio] st 3]
L B3], SOl WaA, W AXo) e H7e
o) AR Q5o si5A9] A 7]5o] ATHEIL it

AR MR hFy AL A ShTese At
AR wet sH7A AR chepgel ejul gl Zpol7k Wy
shedl. diAIZ shtegte] A Qe FsollA A
A2 ol A Ut Ao2 BiEI 9l o (Rho
and Lee, 2014), 3}5t50lu Hiag2o] &3 shtegto] ©
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A1} AolelA YeRdthH(Kim, 2005; Lee and Um, 2007).

TN A& BEXYEA =S o] &st] HA 259
(1975~20009) &2 = sht5A9 MEFolE =AT
23, RIS E FHOE sHEAZE A daEgieH,
dhiAez ddste SAHE] AL Aoz A
A o] P4t AW oAM= st &
SHEEAl Fldol 2 9F¢E vH Aoz A THRho
and Lee, 2014).

shtego] ANF & o3 dEH ] wet e FE4
g|Aghito] A E L, LS Yol 55 5 e dEdol
SA 1 Aoy AeErtddo] Aase 5 s AH
AL AFSHL UTH(An er al., 2011). 53], 7|54 diE LAt
AR EAYAE (halophyte) o] A A2 W3t 282 3}
T A 2 FdFS FA Hetl 2 o= oS0l s
YR o 22 FEsh, o]5o] ARt f7]Eo] F
214 Ho|t(detritus food chain) E3) LAY A L] 74t
o] ¥7] wj&o|c}(Bart and Hartman, 2003; An et al., 2006).
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AAE gt Ho= gAte| uet g2 “ItE T
AEY FAASE o} "E%Wcﬂl T§t A+ (Choung et al.,

20210 GRAAE & Hro §Fo 7 TR ¢
A gtk

FE Ul A G E BT A= FE3] o] FolA
AR A7 2 SFAEY dRELE HFoAA

U Agte Ao Ho| A 9] A (Shim et al., 2002; Lee, 2003;
Cho et al., 2009; Park et al., 2009; You et al., 2009; Park et
al., 2010; Cheong et al., 2013; Kim et al., 2013; Kim et al.,
2015; Lee et al., 2019) = 37 @ Q13te] BA L AY)shd
ol 714& thFE= Z3-$(Lee et al., 2008; Kim and Myeong,
2014; Kim, 2016)= @ty 2yt A4S ez gt
A 7= BE23 AAo|th(Lee et al., 2019).
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ZAA L “st A E A 2 A7 oA 3
WZE 2ARRE 32570 Sh9] AR A RUE R (B EEA
2Hl MOE/NIER, 2016~2018) A& o]t} (Fig. 1). & H9]
A1 9 Ao AMERE A2 AAYo] EiEsHA] g 2570
AAE AL 3007 FHPE DAz St shele] PR
o FUALEA 712 Ao alel AAE B
A FF SFT(LEE D), Aet dai FAE Azt
P dd vhe ] 3 02 Gt B4 o ARgR AL
Al ZF shtol|l A ZARE Al B0 ZAMAA F gt
J~]‘ d? Shd IR 1] RS L2 sk
2R Bat 7 g3 WA A (S, o
?311, Az FEstAen st wkEe] 249 sk
Folut vlig=ghEol 93) d<=%(estuarine circulation)
o] Td 3]'?“‘2— ‘%ﬁ]ﬁﬁ(lnterrupted Estuary), 3 ;]-?-—’F—il-
o] 243 e FEAOE o|FoR1L Q= FHHE
3]+t (Circulation Estuary)i T FESIH T (Rho and Lee,
2014).



T 2 E F7AA (S A A2017-439%),
SO w2t AAsATh ARARE BRE $47](U-52
Multiparameter Water Quality Meter, Horiba, Japan)E &
e @FRAHEEY @A 2L F U7 YF(TN,
T-P)oll &fsff A=A IR BN <t B3
Sk 7] Wentworth £577|5S A-83kith 2agt
< SR FoA 47 FQA s SAEA A 2AF R AT
4 7F’ (MOE/NIER, 2016~2018) A8 <] H o] Ho]
22 HE 2016WRE 20189 AR F 1A} 2AF BHE S
E3to] ARESH.

B 2} AolA] @R TE 7]12E 20158~2016
d AEYAFSZF2A A gt AEA AN A=
T UFTEFENGT, T A285%), T=2 FY4E (Kim,
2013)3 =7} SfjSAES 55 (MABIK, 2017) 18
120089 u7|E ASRER @wEH AYAYo] (Kil and
Lee, 2008)E 7|22 2 AE 55(F 41HY A= U
Ao 2 stk (Lee et al., 2019).

East Sea

Fig. 1. The location of survey sites.
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Table 1. Axis summary statistics of Ordination plots based on
CCA (Vegetation and water quality variables).

Metric Axis 1 Axis 2 Axis 3
Eigenvalue 0.418 0.258 0.252
Variance in species data
% of variance explained 1.0 0.6 0.6
Cumulative % explained 1.0 1.6 22

Pearson Correlation, Spp-Envt* 0.874 0.760 0.743
Kendall (Rank) Corr., Spp-Envt 0.458 0.504 0.489

*Correlation between sample scores for an axis derived from the species
data and the sample scores that are linear combinations of the environmental
variables. Set to 0.000 if axis is not canonical.
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Fig. 2. Vegetation distribution characteristics by sea area (b) and estuary circulation type (a).

Table 2. Correlations and Biplot score of Ordination plots based on CCA (water quality variables).

Correlations* Biplot scores
Variable
Axis 1 Axis 2 Axis 3 Axis 1 Axis 2 Axis 3
pH —0.141 0.384 0.158 —0.091 0.195 0.079
Conductivity —0.046 -0.602 0.608 —-0.030 -0.306 0.305
Salinity —0.044 -0.712 0.632 —-0.028 -0.361 0.317
T-N 0.863 -0.070 —-0.478 0.558 -0.036 -0.240
T-P 0.962 -0.174 —0.205 0.622 0.088 0.103

*Correlations are “intraset correlations” of ter Braak (1986)

o 93] 3 7+ F3EF (by sorensen method)d}e] EE
2 87 2 (HAE 33% 719U A4 BEas) 7 4
SARHELA (CCA) 23 (Tables 2, 4)0] 97 AdjAo.2 4t
ol 2 37) BB FAFE 7] FBO PR 2
ZHlE, 293 7zt ko) B 9], S48k o144 (outlier)
& 5ol s A E = IFES A Box2 TR
(Fig. 3).

ZAF 23 #3214 SRR BE vEL 18dE
FTHH +ET 5= 4 Fo] thFstA vEida glen
o1437) gho ¥ ol e, ol ZAYAAE B
730] 715 459 9 AYA R PPl wet 4 ', 7]
+970] FEskE 54 tiE oz erEh

rhl
PL
rlr
Jlm

e gt FE4TEA (CCA) 2
A e TE F(AEF) T ST AT (Pearson
Correlation)= % 1, 20]4 242} 0.874, 0.7600]9 AR =
M= 0.769, 0.7102.2 AbS 7+ AfAdo] 2 Aoz yehd

Table 3. Axis summary statistics of Ordination plots based on
CCA (Vegetation and bed material variables).

Metric Axis 1 Axis 2 Axis 3
Eigenvalue 0.279 0.225 0.215
Variance in species data
% of variance explained 0.7 0.5 0.5
Cumulative % explained 0.7 1.2 1.7
Pearson Correlation, Spp-Envt* 0.769 0.710 0.704
Kendall (Rank) Corr., Spp-Envt 0.487 0.443 0.364

*Correlation between sample scores for an axis derived from the species
data and the sample scores that are linear combinations of the environmental
variables. Set to 0.000 if axis is not canonical.

th(Tables 1, 3).
57 E 84
A T-NZ} T-P7} wf

AEwot JEt
o 4% % 12 ez
Tt SOl FIFo] At

o3t AT (Ter Braak, 1986)2 2 19]]
% EE S BolFn & 204 = A7)

e BoF1 gk SRR a4
Sand7} 7F% 2 AHtS Holm ¥
%% Sand > Clay > Cobbleo|th
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Fig. 3. Water quality concentration and bed material distribution ratio by group type grouped by vegetation information (by Sorensen clus-
tering method).
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Table 4. Correlations and Biplot score of Ordination plots based on CCA (bed material variables).

Correlations* Biplot scores

Variable

Axis 1 Axis 2 Axis 3 Axis 1 Axis 2 Axis 3
Clay 0.483 0.344 -0.174 0.255 0.163 —0.081
Silt 0.195 0.904 0.183 0.103 0.429 0.085
Sand -0.915 -0.011 0.182 —0.483 —0.005 0.085
Gravel 0.147 —0.743 0.138 0.078 -0.352 0.064
Pebble 0.282 —0.789 0.133 0.149 -0.374 0.062
Cobble 0.373 —0.439 -0.119 0.197 —0.208 —0.055
Boulder —0.146 —0.019 —0.949 -0.077 —0.009 —0.440

*Correlations are

intraset correlations” of ter Braak (1986)
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Fig. 4. Ordination plot based on CCA (Dispersion characteristics of the survey sites according to major water quality environmental factors
and characteristics of halophyte communities according to environmental factors).
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Fig. 5. Ordination plot based on CCA (Dispersion characteristics of the survey sites according to major river bed material factors and char-
acteristics of halophyte communities according to environmental factors).
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Sad 71 R ol siEE I s
A& ¥ Sand, Gravel, Cobble -4 H]&<] ao] 65.5%
2 Clay$} Silt Au]L0) v AjHos =2 Hge 2}
A5k Uck(Figs. 6~9).

(2) =t e
Gl Pdovt REsts Aoz zAE dAAE Z
2= % 157] 2 28.8%)010em 1 99 #g EFs)

A Zd2H(90.7%) > A 271 2= (1.6%) > Az 2

(1.3%)°] hFE2] WAL A3 it

ol Attt E8st= d4AE 2HY 2 = T
ZF 78 9 T2 STHIUE, 7Rl AR F, A
A7, 8%, AARZ ol GBAES FE 7|88 dsA
o &= Foll PEY 247 evtet Be TSR
E¥3ta rh

E7MUREEES A AFA E@stHey &
T 20psu ¥ TN ¥5& 189mg L7'2 g3y
doll= Bt mij-e =A YEtt. M E= Clay,
Silt, Sand A3H]&9] FHo] 30%E AN E FAHL LA
Gravel o]4}9] 97 FL/du]&o] ol afehe] nxAd & At
S AEE AS3H o2 st Qi

TFeAsAoldHd x4 A &dste ANAE
Teto g Fxrt eld 470 st 2F FRSsHEA|NE 174
A-E ALt st 1.1 psu O|3tE wj¢ ¥ =R
Pttt NS 2.7~9.5mg L' 2 mj$ Ul Szo|n 314+
A FEE Clay, Silt gHo] Z o] 30%=2 YU Sand o4+ ¢
7 FAHIEo] =2 YA F, et 2 A W AMEA A
Foll FEE= YAE FSTH o2 st o

ANuH= 71848 EAE T8 AAAR st To=
Fa AFA | 23T (Lee, 2003). & AFolA= 24
23} ZAste dslte] EEsta Utk Y= 6.7 psu
2 Aol aigstd TN =& ¢ HE 2o]g)a 5t
A EL Clay, Silte] §Ho] 40%2 A 02 Sand o)A+
A g H&o] EokTh

AA7R-ZHETTE FH TR T F T EF 7 4
FAo BEdte FoE AAA-v&IL=HY AL 7189 Y
ol A majet Apzto] E3HE AHA| S, A} xpzo] ExE
Ao A A= E AAE FFolth(Kim ef al., 2003).

SHAYE GHSHEA Het 18.5psu & A4
S ZAX M Y] = H R Hdt F=of dFetal TN,
TP 55t BE o]3t2 Woron A RE Clay, Silt]
ol 70%2 AR 8 SHIARE 2 A= A
23 (15%)eF Ado] EAE YA E A&eH o2 3= A
© 2 UEhyith

uzs

A 7t FEHAY BEY ST & et
3} EOF o] R0 Folgl JAER] AL AEo|th
(Lee, 2003). E327} 30l= 37] Xd % gdsttoly &
T % ¥ Wi (1.8~16.5psu) T-N B2t T2 U
Ao st sHIAEE AR Sand 01442 A7
FFohs Az FuEo] 2 AT A= A
© 2 yehytth(Figs. 6, 8~10).

(@) Matl
Aol AT BRE YU THE 3 147
(26.9%)°15 A3 Aol BEFE A GHAE 22 3
oML e (84.3%) > AAEZE M, 9%)>E*H 22
(47%), 2| A2 EZE(41%)0] hEe] WAL 2Aet
T gt
28 GAAE TS AApuRE, 2, B
i o ) L mage] B9 v
SUR, AR, BE AL & 2E A,
_%_ =3

AU 5 2 249 GLBAL BEAZ e FS
I ey o g Fagitt
2ot AR Seute St @anle] BT 9

AES B2 o2 B A7) 2 AN T Zoii
22 3W 9 ekl A AAAE 2 T M WS WA b
Ak Jek(e3l, 90.7%; A3, 84.3%; F3W, 43.1%).

AN u| ] ek Delshtel] EE5h HdEs 324 psu
2 =97 TN, T-P S 5= U1 A RE Clay$} Silt2]
o] 10%°] = o] Sand o4 YA FAul&o] w2
A& YAt A& byt

(4) = l—PgH -?:IOEI

o} HallollA S8 A AMEZHORE 2 L

2 Aol ehdsfigtell Bt dAAlE oIt (Lee, 2003).
w2 AFolAe Fefo 2asht 1A, S E™sH 4
N AFoA EdstPen d=of gt F-gHo] Fsiar
(0~26. Opsu) 2R A Aa FE7 =2 1A-E AY
3l ol A el vy AR AL Clay$} Silt
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(Figs. 6, 8~10).
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East Sea South Sea West Sea
Pth-RopC, LemC, RowC , AtgC, Ast- Sap-PhaC, Pha-AmtC,
Lem-CapC, Cas-LajC, ArfC , Lit-ArfC, KosC, Pha-CaeC, Pha-BopC,
GlIC , BomC, CapC, IsaC, Sug-ArgC, Pha-AriC, Phar-PhaC,
CakC RowC, ArsC, ArcC, SpmC, Phl-PhaC,

Tya-BopC, Mis-ImcC, Phl-ArfC, Mis-PhaC,

TrmC, Sum-LitC, CaeC, Loj-RowC, Ars-

Sum-SugC LitC, Amf-PhaC
CasC

LitC, ZosC, SugC, ImcC, PhIC, SujC, ArfC,
SumC
|

VirC, Amf-PhaC, PthC, PhaC, BopC,

Circulated Esturaries Interrupted Esturaries
RowC, VirC, Pth-RopC, Sap-PhaC, Amf-PhaC, Pha-CaeC, Pha-BopC,
AtgC, Pha-AmtC, Ast-ArfC, LemC, Pha-AriC, Phar-PhaC, SpmC, Mis-

Lem-CapC, Lit-ArfC, KosC, Cas-LajC, PhaC, CaeC, Tya-BopC, Mis-ImcC,
GIIC, IsaC, Sug-ArgC, RowC, BomC, Sum-SugC

Phl-ArfC, Ars-LitC, ArcC, Loj-RowC,
CapC, TrmC, Arf-LitC, CakC, Sum-
LitC

PthC, PhaC, LitC, CasC, ZosC, SugC, ImcC, Phl-PhaC, PhIC, BopC,
SujC, ArfC, SumC

Fig. 6. Distribution of halophyte communities by sea area and estuary circulation. Abbreviations for : PthC, Pinus thunbergii community; RowC,
Rosa wichuraiana community; VirC, Vitex rotundifolia community; Amf-PhaC, Amorpha fruticosa-Phragmites australis community; Pth-RopC,
Pinus thunbergii-Robinia pseudoacacia community; Sap-PhaC, Salix pierotii-Phragmites australis community; AtgC, Atriplex gmelinii com-
munity; PhaC, Phragmites australis community; Pha-AmtC, Phragmites australis-Ambrosia trifida community; Pha-CaeC, Phragmites austra-
lis-Calamagrostis epigeios community; Pha-BopC, Phragmites australis-Bolboschoenus planiculmis community; Pha-AriC, Phragmites austra-
lis-Artemisia indica community; Phar-PhaC, Phalaris arundinacea-Phragmites australis community; SpmC, Spergularia marina community; Ast-
ArfC, Aster tripolium- Artemisia fukudo community; LemC, Leymus mollis community; Lem-CapC, Leymus mollis-Carex pumila community;
LitC, Limonium tetragonum community; Lit-ArfC, Limonium tetragonum-Artemisia fukudo community; KosC, Kochia scoparia var. littorea
community; Cas-LajC, Calystegia soldanella-Lathyrus japonicus community; CasC, Calystegia soldanella community; GIIC, Glehnia littoralis
community; IsaC, Ischaemum anthephoroides community; ZosC, Zoysia sinica community; Sug-ArgC, Suaeda glauca-Atriplex gmelinii com-
munity; SugC, Suaeda glauca community; RowC, Rosa wichuraiana community; ImcC, Imperata cylindrica community; BomC, Bolboschoenus
maritimus community; Phl-PhaC, Phacelurus latifolius-Phragmites australis community; PhlC, Phacelurus latifolius community; Phl-ArfC,
Phacelurus latifolius-Artemisia fukudo community; Mis-PhaC, Miscanthus sacchariflorus-Phragmites australis community; Ars-LitC, Artemisia
scoparia-Limonium tetragonum community; ArcC, Artemisia capillaris community; CaeC, Calamagrostis epigeios community; BopC, Bolbo-
schoenus planiculmis community; Tya-BopC, Typha angustifolia-Bolboschoenus planiculmis community; Mis-ImcC, Miscanthus sinensis-Im-
perata cylindrica community; Loj-RowC, Lonicera japonica-Rosa wichuraiana community; CapC, Carex pumila community; TrmC, Triglochin
maritimum community; CasC, Carex scabrifolia community; SujC, Suaeda japonica community; Ars-LitC, Artemisia fukudo-Limonium tetrago-
num community; ArfC, Artemisia fukudo community; CakC, Carex kobomugi community; Sum-LitC, Suaeda maritima-Limonium tetragonum
community; SumC, Suaeda maritima community; Sum-SugC, Suaeda maritima-Suaeda glauca community.
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composition ratio of 10% or less.
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Hog uxd 9 A s 5o Eddst= Ao wgd
th T-N, T-PY] %= He| 9 sz du&2 AdH
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Lee et al., 2019).
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*  Number of estuaries less than or equal to 10 pcu.

** Number of estuaries with a T-N concentration of
5mg/L or more.

**% Number of estuaries with T-P concentration of 0.5
mg/L or more

Fig. 7. Characteristics of estuaries where halophytes are not distributed.
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Fig. 8. Halophyte communities by salinity concentration range (Code for vegetations are shown in Fig. 6).

6) ™ HE (S E - M) =
- = n 2

371 9] oA BF 2= GBAE L2 <] @ o
A S an g 2
upr]:L@; So jRE A ALY g B 9A4F 3 ©

b= )
2 AAAZ she FER olFold S40] 250, It 5 3
~
5§39 GUsT U BAsT T glo] Fdse ga o
S =~

2, Zdide, AA73 e, AvEEe, AduEe, HEAS - H
o e ST 2 e A2 0
Az e ALz HT 2 = 2 37 2goz EAST SEA SOUTH SEA | WEST SEA| CIRCULATED| INTERRUPTED

QU R , . =, L § = —
WA QAL Tl 259 A2 9 Fig. 6 TTh T

v' The number of estuaries with a T-N concentration of 5 or
greater or a T-P concentration greater than 0.5.
C{AHA IS =315 o= = : T-N, 37(12.3%); T-P, 7(2.3%).
4. = o—|EOI =T OI‘xI LS O}:rl ¥ Number of halophyte communities : T-N,19(36.5%);
T-P, 11(21.2%)
2 32570 ZRAAF S & A o] BxFIR] k= 2570 v Halophyte communities(T-N<5 and T-P 0.5<)
_ _ _ - Phragmites australis community
7\171‘4—% x‘“ﬂ‘d“ﬂ 3007H '5]‘?'0“‘“] é}*ﬂ O] —E—E‘GH{—Q] 0] = - Phacelurus latifolius-Phragmites australis community
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o] gon s7ed 9L AUST NEst 3 ARk
don sAAEE Clay, Silt H]-£0] %%E}(Fig. 7). Fig. 9. Percentage of total nitrogen concentration of 5 or more or

total phosphorus concentration of more than 0.5 by sea area and
estuary circulation type (Halophyte community characteristics).
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Fig. 10. Distribution of halophyte communities by ratio of bed material composition (Code for vegetations are shown in Fig. 6).
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Fig. 10. Continued.
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