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Health Condition Assessment Using the Riparian Vegetation Index and Vegetation Analysis of
Geumgang mainstream and Mihocheon'
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ABSTRACT

This study conducted health assessment and multivariate vegetation analysis using the riparian vegetation
index in 30 sites of the Geumgang mainstream and Mihocheon to obtain practical data on the river management
of the Geumgang. The result showed that the number of plant communities was 54. The flora was 75 families,
185 genera, 243 species, 2 subspecies, 21 varieties, 2 varieties, and 268 taxa. The riparian vegetation index was
38.3 (3.3; G-D1 ~ 66.7; G-U2, G-U4, and G-M3), and the health of the rivers in this area was evaluated as normal
(grade C). The health of rivers was the highest in the upper stream of Geumgang mainstream and lowest in the

1 F4 20179 109 304, =4 (1&k 2017¢ 12 11, 22k 2018¥ 149 24, 3%} 20184 1€ 17¢), AAEA 20184 19 17¢

Recelved 30 October 2017; Revised (1st: 11 December 2017, 2nd: 2 January 2018, 3rd: 17 January 2018); Accepted 17 January 2018
Fojstw Ayt Dept. of Life Science, Kongju National University, Gongju 32588, Korea

3 i‘a“ﬂ Q7)1 ZEAME AY S A Task Force for Construction of National Center for Endangered Species Restoration,
Building#6, Government Complex-Sejong, 11 Doum6-ro, Sejong, 30103, Rep. Korea.

4 AHAEY e 2AFE 7R AE 2 A4l National Institute of Ecology, Division of Ecological Monitoring, Bureau of
Ecological Research & Assessment, 1210 Geumgang-ro, Maseo-myeon, Seocheon-gun, Chungcheongnam-do, 33654, Republic
of Korea.

a o] = 20149 s AYEA AgkRAl B A7 FHI7KVIDO fJste] AEE =

* WAIA A} Corresponding author: youeco21@kongju.ac.kr



106

ol

84 e a3 x| 32(1) 2018

¢

downstream of Geumgang mainstream. The relationship between riparian vegetation index and chlorophyll-a

content was low. The riparian vegetation was divided into five groups of Digitaria ciliaris colony group, Salix

gracilistyla colony group, Erigeron annuus colony group, the group dominated by Humulus japonicus, Salix

koreensis, Miscanthus sacchariflorus, and Phragmites japonica colonies, and the group dominated by Conyza

canadensis and Echinochloa crusgalli var. echinata colonies. They had the similar health conditions. The CCA

analysis showed that the environmental factors affecting the distribution of vegetation were physical factors

such as vegetation area, artificial structure area, waterway area, branch width, channel width, and bank height

and the biological factors such as the number of species. As such, it is necessary to maintain the health condition

through continuous monitoring where the health condition is high and to apply active measures such as

ecological restoration where the health condition is low.

KEY WORDS: RIPARIAN VEGETATION INDEX, RIVER MANAGEMENT, ORDINATION
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Fig 1. Map of study site in korea(l, 2, 3, 4, 5,
Geumgang mainstream upper stream; 6, 7, 8, 9,
10, Geumgang mainstream middle stream; 11, 12,
13, 14, 15 Geumgang mainstream down stream;
16, 17, 18, 19, 20, Mihocheon upper stream; 21,
22, 23, 24, 25, Mihocheon middle stream; 26, 27,
28, 29, 30, Mihocheon down stream).
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ok Fe AL o HE(Lee, 2003)9] A HIAEEL,
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Table 1. Score calculation of six assessment factors
No Assessment factor Score Evaluation standard
0 80<AHA or 0<AHA<S
1 Annual herb area 1 36<AHA<80
(AHA) 3 15<AHA<36
5 5<AHA<15
0 50<EA
) Exotic species area 1 16<EA<50
(ESA) 3 4<EA<16
5 0<EA<4
0 0.65<WPE or WPE=0
3 Wetlands plants evenness 1 0.52<WPE<0.65
(WPE) 3 0.40<WPE<0.52
5 0<WPE<0.40
0 SalFraA<0
4 Salix and Fraxinus area 1 0<SalFraA<10
(SalFraA) 3 10<SalFraA<30
5 30<SalFraA
0 20<TSP
5 Tolerant species percentage 1 12<TSP<20
(TSP) 3 5<TSP<12
5 0<TSP<5
0 0.0<STS<0.5
6 Stratum transect stability 1 0.5<STS<1.5
(STS) 3 1.5<STS<2.5
5 2.5<STS
Table 2. Grade of RVI
Grade RVI range
A 65 < RVI = 100
B 40 < RVI = 65
C 15 < RVI = 40
D 0 = RVI £ 15
of environment, 2014). 1 5 74 % FHAEL 23650] A BRE AEFee 27800 1 F 50%old |
FUNAL, SN AN AFWEEA 2T L wvtel off), IwelE, HEolglom, CEF olskl
(Ministry of Environment, 2006)04] 2|4 218% S04 Alojo] T2e 4ZmEt 32%0]0] 1 % S0%o|4 U
32%o] Edstyich shdAES Aol wet &g At H F2 A, gRefE, dfolgltk(Data not shown,
FrAlES 265(81.25%), FAA =S 25(6.25%), F4 Ministry of environment, 2014). wa}A] 0|2 Z3a] Hd

BL 2%(6.25%), ALAEL 2£(6.25%)0] W=t
(Table 3, Appendix 2). <=H AR} Bod o431 2o

BBl aoeish g

2 sl AT ARelol
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2) ot A1t FY00 ME +HAMX|S H|w

HAFA ol A A PA| O] Ft 38307 FHILE
Atk FHEFY AF+= 60.7(53.3;G-U5~66.7,G-U2,
G-U4), 57+ 39.3(23.3;G-M2~66.7;G-M3), 3} 24.7
(3.3;G-D1~33.3;G-D3, G-D4)o|gloH, n|s o] AaL
38.0(30.0;M-U5~46.7;M-U3), ZF= 31.3(23.3;M-M5~40.0;
M-M3) 8HF= 36.0(26.7;M-D5~50.0;M-D1)°]| ¢ ch(Fig. 2,
Appendix 1). 0|59 Zpo|& Bt A3} F7E79] 5
oA 7HE =UAL, FERY SR 19l SR 5t
F =olglen, naHde FERY ARE AYskal v
A 1k SAA Fodo] AR SRR TRt
Sk Atolofl f1x|8tar SlItK(Fig. 2).

FHANR = A 22 A vlE, s 4
HA HE, FAAE doe 18 WS EdHlgol W
At HEUES 9 S uREST AT Ao =
S5 EtHTable 1). & oA X7} &2 A2 =
74Tl ARen, o] 7k HEURS U SFuE
& 90 AR 22 ohdd 22 WA vlEo] =%
o} HEUREO AS5-2 Y2 A4 HelE 7HAaL, 4
G Ao] 7hssh, Aukgt Eqfol| A 7iA|of He] o] AP

Table 3. Flora of hydrophyte plant in study sites

o] wW=CHKim and Lee, 1998). o]2|gt A Al=4] &
ko] BRSPA NS SHBHNA SHT
H=2o] ErkLee and Kim, 2006). E3F HEUH L0}
FYUFES oA Hia2Ql A- 5o ® ohd 9
2oy 4ol 2 A9 SWWH wgo| fawn
(Ministry of Environment, 2013). Zt)F+= HA|<EE7] o
gt thE A= Ass Adlst7|= PtChung er al,
2008). ShAI%E 5 Aofoll ] Wels e sleke] WAL
PAst= g2 skai(Kim, 2004), A w g 22 9
5o TAPLoF YA 7152 TK(You et al., 2010). o]

e e rlo

gt S4 digell HEUTE 9 Erdurs 2R3 AR
of A BlEo] wEE =94 wo] A HEe]

YL e 5 AeS uish] e LuaAet

Life Form

Hydrophyte

Emerged

Leaf-floating

Total

Free-Floating Submerged

Taxa no.(%) 26(81.25)

2(6.25)

2(6.25) 2(6.25) 32(100)

100 f

90 -

80 -

70 A

— >

60 B

RVI

50 -

40 1 C

30 A

20 A

10 4

BC BC
BC

G-U G-M G-D

M-U M-M M-D

Fig 2. Riparian vegetation index under upper stream, middle stream, down stream in Geumgang mainstream and
Mihocheon(G-U: Geumgang mainstream's upper stream; G-M: Geumgang mainstream's middle stream; G-D:
Geumgang mainstream's down stream; M-U: Mihocheon's upper stream; M-M: Mihocheon's middle stream;
M-D: Mihocheon's down stream). Alphabets on the bars mean significant different among streams

level(Fisher's least significant difference, p<0.05).
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1) Z2H2AM(Cluster Analysis)

ARREAOIA HLgAM T Arls 2] A similarity)
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12 - ¢

Chl-a(mg/m3)
0o

T 7R A= (closeness) o] AAHHE ez F A
Atolo] Ag|7F HH, Bl-FAMIS 27 ok Hi=, A7t
7P7He-H HIAMES AolR|AL FAMEE AT ol23t 7]
o7 & o 4 AR S o] o3t HheE FehEARt
23, 2A 94 e aFer FEEA

IFE F4EFY $71(G-MI), IF1E 574279
8575(G-Ds5), 18 IFIE 574379 sH71(G-D1)
7} u 33 SFRS(M-DS)= =Sl IFIVE a3
o] AF2, 3, 4, 5(G-U2, G-U3, G-U4, G-U5), 37279
%32, 3, 4, 5(G-M2, G-M3, G-M4, G-M5), 27279
3172, 3, 4G-D2, G-D3, G-D4), n|&H AR, 3, 4M-Ul,
M-U3, M-U4), t|&3 73, 4, 5(M-M3, M-M4, M-M5)
)il u| A 8L, 2, 3, 4M-D1, M-D2, M-D3, M-D4)
2 FREEUL, AF5Ve 34EFY A4F1(G-UL), vz
AFED 5(M-U2, M-U5) 181l u|ad 271, 2(M-Ml1,
M-M2)& 2 ¥ SUch(Fig. 4). 15l vigoltel, J1F1
= AEate 2eal IFIe JfdETeo] 4sk= 1
Folslth. AEIVE Sg s, HEUE, S04 1 g
BEE deo] 4tk AFoldlen, A8Ve HRe &
¥ feho] S8k IFoIqlth vl A 234 E
2 7 YollA o2 AEFY ASS AFstr] dzel
(Shim et al., 2013), & =S FASTE AHES 55
Fof AbpgoA wd o r 945(Chun et al,
1999), aid ZAAF(G-M1)o] AHEZ T &4 &
Ue BEL A SR, HEUE, 294 1
Il GHEES Ao Aglo] WEEE Aotk wetbA

ol 54 hiEol &2 $HEE e AHeR OF A

SRR BEOIA B 1) Bess vpe
SACIA A% BA7h W3 D] el B

y = -0.1061x + 9.8261
R? = 0.143
p = 0.039

0 T
0 20

Fig 3. Correlation graph between riparian vegetation index and Chl-a in 30 study sites.
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Fig 4. Unweighted pair-group average clustering of 30 sites using species dominance(G-U: Geumgang mainstream's upper
stream; G-M: Geumgang mainstream's middle stream; G-D: Geumgang mainstream's down stream; M-U: Mihocheon's
upper stream; M-M: Mihocheon's middle stream; M-D: Mihocheon's down stream). Alphabet in the parenthesis
means RVI grade (A=best, B=good, C=normal and D=bad).

A & 5 Slnk ol=e A= W AHdtEol e 2
< PSS e TR 2E Aoikive 2ol ke
™ (Heo, 2010; Han, 2011; Cho et al., 2015), 71734 5]
§AR AR7E 2% AojHrks Aol LrhKang,
2004) SHAIRE of2fet TIF50] AR FEEAAAA &
= RS slute] slHo] T 878 Eaksla Qo] AE
& oA] w9 tfoFoly] fjEo 2 HEti(Lee and Kim,
2006).

2) &L M (Canonical Correspondence Analysis,
CCA)

Age] Ei= @r%‘ HETko] ohoket EA41E Fal A
HHAE dotE 5=
F213} {Hseminatlo )

Y(symbiosis) 5t 2 lﬂblﬁ = YoAA
744l WolZ of7] AlZ 4= 9IthWedin and Tilman,
1993; McClanahan and Wolfe, 1993; Callaway and
Walker, 1997). CCAZ} 307 =3} 17719] g3 2207t
(Appendix 1) EAF 1182 7Fe 120] 0.701, 2=9] 0.635,
719 ZEE 150] 11.7%, 25°] 10.6%, 10| A
(Pearson Correlation)+= 10] 0.962, 2<0] 0.971 1&]al
Aol &9 AFaA|(Kendall Rank Correlation)= 159]

ZJ(competition), 3

['10 0”5
_VE
N
N
A

0.494, 20| 0.834 % tHTable 5).

20l 29 A% FE WAL YU
(Vegetation Area), Q1 &1%E HZ|(Structure Area), $~=H
Z(Waterway Area), X]@,—:%(Spot Width), 42 Z(Waterway
Width), A|¥=o](Bank Height) 12|11 & Z<>(Number
of Species) FTHFig. 5). 152 7|&0 2 &L AW
QeTtEE WA, SEUA, A[E, 2% 22a Ao
7} g8Fdo] 711, o]—aH&_ e 7]. oﬂa‘kaﬂo] 2 Aoz
bt 255 718 'T":I'Oﬂ AR, Qg EaE, W
A, sRHA, XV‘S—‘% E—"—T‘— T8jal Tt ol Zia,
52 Aot FaFeo] & Ao ® YEHtHFig. 5).
153} 255 Z7F X530 YEo= 55 o AgHs, 2
A, AE, 2 293 Ayt E WAL AR
A AT FO RHAIE Hlom 2AREH| 914
e AR Alzolet Fof AHEAE HYom 4 HEH
of AR AT & Tt o) AEHAE Helth Eqh
7} 3H 8 Q19 wigkat “H:H AR YRR AHES 2©
FHBAE ZE=ThFig. 5).
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Table 5. Total variance in the species data(* means the 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)

Axisl Axis2 Axis3
Eigenvalue 0.701 0.635 0.547
. . . %of variance explained 11.7 10.6 9.1
Variance in species data - -
Cumulative % explained 11.7 223 31.5
Pearson Correlation, Species-Environmental* 0.962 0.971 0.911
Kendall (Rank) Corr., Species-Environmental 0.494 0.834 0.678
. gec'ﬁ;m O G-UOGM @GD AM-U A M-M AM-D
GMI(C g
G-02(C)
K D5(C) © P
G-M5(C)
K—m{c} G-D5(C)
G-M2(C) ®
o}
G-D4
®
G-U3(B)

Auds 1

K'Ulllﬂ

KU 1(8)

G-UA()
o

G-U2A)
é(matclo
“TAC)

) A—m(m

A—U"r[[)]

M-U5(C)

-M2(C)

Fig 5. CCA ordination between species dominance of 30 sites and environmental variables.
Alphabet in the parenthesis means RVI grade(A=best, B=good, C=normal and D=bad).

o, st T, 9XA B4, SRS 5 BelA Be]  F o] 9 Rk Iacloletn @ 4 ik MEy
ciopstel, @Y Relofi, 1, YATe] W BelH  Fh 9 ofe] SHNBES eI 1A Aol 54

si7o] wisalol weby L ol AASHE BEAA SBE 3 A4l 234 thEn], RS e AaHos
o9 ch27 EhdthPyo, 2000). B0] WS A 4 RESE sl #edom HEslslE FtkLee and
2 9 SHAHEAe]), BOl Wekrel( R VB T Kim 2006). whebd HEURS 9 SAAEC] Z3H]&o|
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A 4 g, AgE Aol 7o) uet Ze ok Uehbs  BAMAS Fa AL 5, 299 217}
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oFslal =E3 EAL =3 Y5 Y7tch(Pieterse, 1993).
o] iR s 1RO AETIA A F20
He TR e Y e Aot AspEe
AZa}b shAto] w9 417 o]Fo]x| i Qth(Lee and Kim,
2006). ol2fgt AL 18] AEeol uls) A
o YT} Beet, g ARFA J3t TS HS
3 A5l7] wlEof(Lee and Kim, 2006) s}49] 294 B
o FFe & 4 Aok
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APPENDIX
Appendix 1. Information of study sites
Characteristics River  Study RVI St?eam Watg'way Bzfmk Altitude ~ Vegetation Structure Waterway
basin sites (Grade) Chl-a width width height (m) area((m?) area(m?) area(m?)
Waster system (m) (m) (m)
G-Ul  60.0(B) 23 74 14 76 397 16,903 12,863 2,395
G-U2  66.7A) 22 102 48 43 283 23,939 19,890 14,396
‘;?vp:rr G-U3 56.7(B) 09 177 128 10.5 211 25,327 66,829 3441
GU4  66.7(A) 14 255 31 10 176 80,021 22,573 7,998
G-US 533(B) LS 259 113 6.7 125 61,477 55,246 11,578
G-Ml  267C) 23 432 314 30 71 43,867 153,741 22,489
G-M2  233(C) 22 245 142 12.6 24 30,262 60,239 13,222
Geumgang nﬂi:ie G-M3  66.7(A) 2.1 690 278 17 15 50,699 91,744 1,115
G-M4  46.7(B) 3.6 760 357 217 13 148,812 166,625 44,182
G-M5  333(C) 3.6 530 220 15 8 80,795 123,475 22,487
GDl 33D) 32 375 247 14.6 8 57,768 150,673 13,221
G-D2 267(C) 109 809 342 18 4 190,373 171,639 80,048
(i?v? GD3  3330C) 5.0 930 296 14 5 249,851 144,704 32,670
G-D4  333(C) 62 990 504 17 2 309,886 230,525 7,101
GD5 267(C) 5.0 1060 448 14.5 4 174,839 237,877 120,747
M-Ul  433B) 72 52 28 57 74 7,135 5292 221
M-U2  333(C) 151 267 54 10 53 21,408 7,406 2,523
‘fi’vpeerr M-U3  46.7(B) 5.0 180 109 5 60 20,654 8,556 2,862
M-U4  367(C) 54 98 49 4 67 9,481 7,867 1,079
M-Us  30.0(C) 13.1 81 57 75 56 2,537 10,877 0
M-ML  30.0(C) 7.0 207 43 10 55 22,108 8,810 13,282
middle  M-M2 - 30.00C)  10.1 223 82 9 42 22,765 14,785 1,852
Miho stream river  M-M3  40.0(C) 3.6 213 68 9 52 21,818 13,851 7,939
M-M4  333(C) 42 138 20 10.5 47 11,604 5,095 14,143
M-M5  233(C) 113 358 107 7.8 29 9,839 17,301 1,336
M-DI  50.0(B) 6.4 132 92 15 30 47,303 22,626 3,094
M-D2  30.0(C) 3.1 136 21 10 27 14,723 4,547 9,394
‘i?:;‘ M-D3  40.0(C) 143 410 140 14 24 47,718 24,088 13,229
M-D4  333(C) 24 118 15 10 26 11,970 2,424 1,509
M-D5  26.7(C) 123 140 10 122 16 28,942 62,609 3,246
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Appendix 1. Information of study sites(continue)

Characteristics Percent of Percent of Percent of
River Study Number  Number Percent of Percent  Percent PercenF of invasive Percent Obligate Facultative
basin sites of . Of. tolergnt Of O.f naturalized alien of wetland  wetland

community  species species Salix  Gramineae  plant . Cyperaceae
Waster system species plants plants
G-Ul 10 57 14.0 7.0 17.5 22.8 1.8 5.3 5.3 17.5
G-U2 9 76 13.2 2.6 11.8 21.1 1.3 3.9 3.9 10.5
WP Geus 5 64 125 47 125 20.3 1.6 47 6.3 9.4
G-U4 10 71 7.0 5.6 11.3 18.3 2.8 7.0 7.0 9.9
G-US 11 58 13.8 5.2 17.2 24.1 1.7 6.9 10.3 19.0
G-M1 3 33 12.1 9.1 21.2 15.2 0.0 0.0 9.1 21.2
G-M2 7 54 14.8 5.6 11.1 27.8 0.0 3.7 1.9 11.1
Geumgang “Eggie G-M3 6 60 16.7 6.7 20.0 233 3.3 33 8.3 16.7
G-M4 12 75 14.7 4.0 17.3 22.7 2.7 4.0 12.0 14.7
G-M5 6 56 16.1 0.0 16.1 232 54 7.1 8.9 12.5
G-D1 2 50 16.0 2.0 20.0 20.0 0.0 4.0 2.0 16.0
G-D2 7 34 23.5 2.9 17.6 324 0.0 29 8.8 11.8
lev‘;’f G-D3 8 57 211 1.8 14.0 316 1.8 53 3.5 12.3
G-D4 12 56 16.1 1.8 17.9 232 0.0 5.4 7.1 14.3
G-D5 12 86 12.8 35 244 19.8 1.2 8.1 5.8 14.0
M-U1 6 36 8.3 2.8 16.7 222 2.8 2.8 11.1 16.7
M-U2 7 51 17.6 39 19.6 19.6 2.0 39 7.8 11.8
e M-U3 9 52 154 1.9 135 173 0.0 1.9 15.4 9.6
M-U4 8 44 13.6 4.5 20.5 13.6 0.0 23 15.9 13.6
M-U5 3 47 6.4 2.1 12.8 12.8 0.0 2.1 0.0 12.8
M-Ml1 11 50 18.0 4.0 18.0 28.0 4.0 2.0 6.0 12.0
middle M-M2 11 39 20.5 2.6 15.4 30.8 7.7 0.0 10.3 12.8
Miho stream river M-M3 14 65 15.4 4.6 13.8 23.1 1.5 3.1 9.2 13.8
M-M4 7 59 16.9 5.1 16.9 23.7 0.0 1.7 34 8.5
M-M5 3 43 244 0.0 24.4 36.6 4.9 0.0 11.6 16.3
M-Dl1 8 41 233 4.7 16.3 20.9 4.7 4.9 2.4 12.2
M-D2 8 60 18.3 33 16.7 28.3 8.3 33 33 133
‘:fv“e’: M-D3 7 56 17.9 1.8 17.9 232 1.8 54 3.6 17.9
M-D4 7 34 26.5 0.0 26.5 29.4 59 0.0 59 17.6
M-D5 5 33 24.2 3.0 18.2 36.4 3.0 0.0 6.1 9.1
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Appendix 2. The list of hydrophyte plant in study sites
Family name Scientific name Korean name Type of
hydrophyte*
Persicaria thunbergii (Siebold & Zucc.) H. Gross alufg] EP
Polygonaceae Persicaria maackiana (Regel) Nakai ex Mori (BRI EAREIR N EP
Persicaria hydropiper (L.) Delarbre o] 7 EP
Ceratophyllaceae  Ceratophyllum demersum L. Hojut= SP
Hydrocaryaceae  Trapa japonica Flerov ul-= LP
Umbelliferae Oenanthe javanica (Blume) DC. u| U] EP
Gentianaceae Nymphoides indica (L.) Kuntze SR LP
Compositae Bidens tripartita L. 7HerALE] EP
Alismataceae Alisma orientale (Sam.) Juz. 27 o] B A} EP
Potamogetonaceae Potamogeton crispus L. o =3 SP
Juncaceae Juncus effusus L. var. decipiens Buchenau TE EP
Commelinaceae  Aneilema keisak Hassk. Atk E EP
Beckmannia syzigachne (Steud.) Fernald bl EP
Echinochloa crus-galli (L.) P. Beauv. =1 EP
Echinochloa crus-galli (L.) P. Beauv. var. oryzicola Ohwi =5 EP
Gramineae Echinochloa utilis Ohwi & Yabuno bl EP
Leersia japonica (Honda) Honda U=AE EP
Phalaris arundinacea L. o= EP
Phragmites communis Trin. Z) EP
Phragmites japonica Steud. gz EP
Lemnacea Lemna paucicostata Hegelm. Z7FE % FP
Spirodela polyrhiza (L.) Schleid. piIEEl )y FP
Typha orientalis C. Presl 2= EP
Typhaceae

Typha angustata Bory & Chaub. 7| BE EP
Carex thunbergii Steud. var. appendiculata (Trautv.) Ohwi EAlz EP
Cyperus difformis L. QFHRE ALY EP
Fimbristylis dichotoma Vahl SHsA]7| EP
Cyperaceae Kyllinga brevifolia Rottb. var. leiolepis Hara gt 7}E] EP
Scirpus radicans Schkuhr E2dko] EP
Scirpus triqueter L. Al B areg o] EP
Scirpus maritimus L. Zufjz}7] EP
Scirpus lacustris subsp. creber (Fern.) T.Koyama S3=jo] EP

*EP: Emerged plant, LP: Leaf-floating plant, FP: Free-floating plant, SP: Submerged plant





