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Abstract  This study was carried out to evaluate the restoration effect in the restored Yangjae stream and to
draw up an adaptive management plan based on the results. As the result of evaluation on the restoration effect,
the restored Yangjae stream was evaluated with low naturalness in both terms of the morphology of the stream
and the composition and spatial distribution of vegetation. The diverse functional groups were introduced in
the vegetation restoration, but the flooding regime, which is significant in the spatial distribution of riparian
vegetation, were not correctly reflected. Exotic species or species that were not ecologically suitable for the
location were introduced on the embankment and thus a measure to improve those problems is required. As the
ecological principle was not reflected in the restoration plan, the stream was constructed as the double terrace
structure. Therefore, the width of the waterway was narrowed further, and the waterfront was not designed
to accommodate changes from flooding disturbance, making the micro-topography of the stream simpler and
the naturalness lower. The adaptive management plan was prepared to improve those problems, and a plan for
creating an ecological network was recommended to enhance the restoration effect.
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Z4oh= 7 B A9 9 Bgs frASHA] XSt 9l
FHBEE olF B A5 AR HEH

ALBlo| A A AR 3 Q1 9] 7 Abe] ]
7153 Ed@ol At wEh AAgA el tiet Tl
=0} 3L QJth(Woo et al., 2004; Lee et al., 2005, 2011a, b;
An et al., 2014, 2016, 2017; Lee, 2016; Jung et al., 2018;
Lim et al., 2020).

AT A7) $A7 s SRE A 4ol 9=
st= A% AET AHAMBAE AF2T (Postel and
Richter, 2003; Summers et al., 2012). ©] &3t AH]|AE X
&Ho2 A A et Balo] Belo] tjEt BAL
=5t 2141717F AlZHE of wheh A &7bs3 A A
Hele 583 BA F9 stz R4E Y. S
HEst] sl &7 FsFo|x #ekA dgrt A8
<ol gEo] itk Aoz HA Z=AISE AFYA
AL A Y S5 APt LA oA Fo] "o
e BHstaz} st 5ol AAAez s
ATH(NRC, 1992; Salinas and Guiraldo, 2002; Ormerod,
2003; Palmer et al., 2005; Cantonati et al., 2020; Lim et al.,
2020). 5 @A A Aste] HY Fopola 4o,
T 9 ARE A Aolo AE, et 9 29
A2E AEAsH= B4 o)tk (Kauffman ef al., 1997; Wohl
et al., 2015). TA| X oA stHEYLL A Zofo| A, 4n
4 R g9 33 SH9 "o wjZo F7Hsf et (Purcell
et al., 2002; Deffner and Haase, 2018).

EdAE2 I 43t fetH o s grlEojof sk
grpe) By meAEL ods] B} ol2olxA o
I 977} o2 A= ofust AxE F1 9tk (Kondolf
and Micheli, 1995; An et al., 2014; Lee, 2016; Rubin et al.,
2017). B4 AEA Q] o] Ao gt F3h
7 FAEA Fa ok O8] Bdz2ae] A4 5
o 2HE AFA Ao o|27|7tA] AdAdTe At
of ZIEARE o]23t S AFFH oI FEHOE &
ot WRlol gt 224 go] o 3] ot Itk (Suding,
2011; McDonald et al., 2016). 3-A13F E-AAr o] digt &
A3 7P} o] FofR|A] ko A Hufof it g
= 92 7 Q3 BHE o] Fojd £ itk (Kondolf, 1995;
McDonald et al., 2016; Rubin et al., 2017). Y1} 2¢
meAEe] 4T Witk AL £8Ud] FReIT,
Jo= AYD AP ENE AMFE dE Fastt
(Woolsey et al., 2007; Weber et al., 2017).

29 E3E YA e Bestd gu 43
A FAND IR AHHOR AL PHE o
9] A7} At} (Wortley et al., 2013; Rubin et al., 2017).
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Hobbs and Norton (1996)2 &9 &3 vhH S H|&
3 Aed Bde Agsted atEHE WES AAZL
2 7l&st7] 9 5 AlFstiiet, 23S S &3
stol AEELS Wol HAh A2, 3k 3K 2 =eF
H7kA] &3 QT (Higgs, 1997). 18U 1 3 B9
£ 3 (Thorpe and Stanley, 2011), 7] $¥H3}e] G (Choi,
2004; Seabrook et al., 2011) 2@ A3 A A A 273 (Hull and
Gobster, 2000; Hobbs, 2009; Le et al., 2012)°]] )3t =2
7 AdEle] gtk olalg BAZ BE Bee] 4ol o
3 ojol Wrlol A A ol kolg Fekelel &
L3 A BE Jhds) Ltk (Wortley et al., 2013).

SHHEYY Ay digt Frhe F=2 dF FAFEE
2 o] &3] B7IE] ot Miller er al., 2010; Palmer et al.,
2010; Rubin et al., 2017). thFE-E 2] dF = FrIX|¢= o
FEAFE AR oy aEF A7 BPa
o DA BAEE=A et - EHoHA Bl A Xt
a2 ok Miller et al., 2010; Palmer et al., 2010; Rubin et
al., 2017). @& AF-E50] A4 A9 oAy 7ol et A
&35+ Y- (Kerans and Karr, 1994; Ruiz-Jaen and Aide,
2005a; Leps ef al., 2016)& B7te] & ¥hgo] o2 Q3
E2 444 7§14 (Kondolf and Li, 1992; Kondolf, 1997,
Barbour et al., 1999; Rosgen, 2001; Gardali et al., 2006;
Whitacre et al., 2007; Florsheim et al., 2008; Shields et al.,
2010; Bennett et al., 2013; Golet et al., 2013; Lisle et al.,
2015) == oA™Yy g 7§A (Woolsey et al., 2007; Wild et
al., 2011; Boromisza et al., 2019) < H7}3) £ttt

I, EHE Ae BUE Ao A, oY A
&7hsdS 2 e A% vl st} H71sEH(White and
Walker, 1997; Swanson and Wagner, 2003; Palmer et al.,
2005; Whittier et al., 2007; Gilvear and Bryant, 2016; Lim
et al., 2020). =AY A S =1L QI7F EFof &3 A
o] FEHA G2 AHE sty B4 AgH 2o
Ho 59483 F7ko XS n|gth(Doll er al., 2003;
SERI, 2004; McDonald et al., 2016; Lim et al., 2020).

FAGEHELEE) 7 A A st A EAA S A A
5299 Jige Easte @R A&sta I YHE F
ot A4S 7ML o 2SS AEAY 5dEe 9
oste AEZ obF 7HA] HHEAHAEZS At A
(SERIL 2004). McDonald ef al. (2016)2 2¢5 A<
35 A5 w2t AP S BrsH] A 1 552
7okl AR Az ELdHE F7F S F8uE
£ AlFsta ok o] AA= Al 7HA] AejA A, & A4
o] F=, F P o= 293 A S 29
=1 (Ruiz-Jaen and Aide, 2005a), 152 A9 =4
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U= ARE 75t d % AHEEI lH(Noss,
1990; Aronson and Le Floc’h, 1996; Ruiz-Jaen and Aide,
2005b).

S A, A4, 223 B719 Al 7HA] & AlAZE
HE Mot Bo2A WA 948 A A8L 4R o
et AT FRIYo] A Folth &, AL A
EF o] & thefst o]t (ecotone) S ATk A
A e B, F, 18 a 272 o|Fold RS, AE,
52 9 gER o 2ojxl ABA, 12T TAS o 85
€ A E3HA7E 23HE A A=A st A
(landscape)= ©]F1 Ut} (Lee et al., 2002).

S-S QA7ke $igt Bol7] olHol cherat 4B A
A2 A St 7ot Ty =S} A 2
Ao wht e dFshEo] AR HAFLZAY
g AT ot APl EE FE et
AEA 7)15% 23512 B35l th(Lee ef al., 1999; Lee
et al., 2002).

SR ACNA BB HAFLE Be) Ha), et 1
o3 o] 3e Bl 1A 71RH Bo] WSl
I, a3 AEE Al o8l R stEY SHS AA
©2 PN (Lee et al., 1999). AN A 2143
o 519 Fehst A B2 AABAY sro] bk
= A4S 24529 Yol BT, Aekga % WuAE
3t} (Petts and Calow, 1996; Lee et al., 1999,
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Foll A= FF g EY, FIIshe HaA
A AL A A A 1AHBAAZ A 72 A1 o
< St Qo] ohd AEQ F uF A WAS=
T2 5 HaL, ¥ ALAES AAAsES 7HA §
t}(Jung et al., 2018). T3, E7lo] AYE 2JAJo] AxH3
o2 Zk ugd I A5S EE5H stol T4 g3

£ Zol= d& 7)o 3tch(Lee et al., 1999, 2002; Salinas
and Guirado, 2002).

oo} Zo] ThoFa A A9 7
weAe) 729 7158 setaied
gt oldf= WtEA] Hasial, theFet X

< 1o o 3k
Qo1 s Aol
JEA G AH o2

A g Bt TE)st=d Yol E 235 th(Lee er
al., 1999, 2002)

19909 FHHEE oA sk %Olﬂ}% o7t
ARGE olF ARA|, AR, SERLFE, YFYLAR 5

s el R Thare ShA B9 Agle] A Fof
olth. et olefd B4 Argle AEA ojnje] sy
flo]7] Brhe 27 AUe] TU 3 24 Ale] 21X 2
glof B0 3 Ea 27 LR gk 9lth(Lee er
al.,2007). IHol|= Beln 1 gFoz dA 2] o
o AAR|S B BHN Ao ShH B AL
Mol T QX Tejs AFEo] AAR e A Hae) A
Apo wpEe WD X ol B v e oUAE £

lr—ii

st A Ho] st ARE AFA Kok Q=
AAo|th 53] B9 adto] thgt H77} o|Fojx| x| &
of 2%t Atgo] A& E o= Z]golut 7Y o] ¢l
Tt (An et al., 2014; Lee, 2016).
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AL HolEth webA FE }L% %Zﬂﬁi Aed st
= 2ysudg @ i o}xu 2P =70] W wojof

3t} (Jung et al., 2018).
st o] AT
Aoz FRED ZF BEL2 A2 o2 =99 AFAA

2 itk SHANAL 159, HFEY FHEE F
5919, 23 493 e A9 A At 0%
Zol Aol 3 FEE 7 ALk S9lok T4 A B

BIE L Y57IZke] GRS ol Ao ojgel: AAo]
AT olels Fhe W4 ol AR THY 5
oltk. = A%AA 0L 3602 o4 W4E T, 549
12 1859 o), T1Eal A 9EE 30d o4 HedEn
(Ellenberg, 1986).

st = BRI Fe s 2HH AF T (
FA A wet ez Aol E2edth I
Az F2zxf{ 4 EFIE 79, E—E*‘%I‘H T
A5 2 BEEAHY &AHE Hoh
o] FAAFL tuAA B, ¥, T4EH 9 Xﬂt‘o
7z A2 224 Ed-a5Ed, dEEd-d 529,
HQ-FEH A 58ttt (Ellenberg, 1986). 184 o]
Folge shael Aeld Xl wet AolS malrh
ARl AR A2l et olejst zol7t £
A AEE ZEAAY, BEAYY AT @
A Eo] 1o 3= Sk (Lee ef al., 1999, 2002,
2011a; Lee and You, 2001; Jeong et al., 2018).
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AsHe AL 2 A7e) E shte] Bxs} Het.

1. ZARX| 742t

PANLS LA AZT FALNA LA A%
AZT, AT BNES A% Ho2 §est Aol
o} (Fig. 1). 1963 o]& =dje} 3otFAF 183 19704
g Eq7EAYe) dBo £28 Fusu BaE
Age ZxshEA AsE 2ol AAsstn 1 3
o Awrse] o] ofahel Ae BE WAL HsH
esigle ol e BAIS H2at7] 919 19959 S
woh A BBOR SPke HEE S HUAYel
F215 9k

£ A7 BNele] AW Tl ALAS A=
AN AAAG 025 FAH| AT Wk K|
o=t F7kol A ¥ Shck (Fig. 1).

2. ZAH Y

shile) AUEE B4 4T BHRAE WAt 5
A9 FAgol F123tel BT AAY AAEE B
ZAHE Bl A AT HE 2AStY HrlskaTh
AAUREE 328 H2Ae 10m Bo URATE A
A5 5 Aelol vek Uepb v A Wateh 20 4
o] W32 wArstol B4 (Lim er al., 2020),

Yobrh AAES ZAstel T4 e A4l A
4 248 FEslo] 1 AL Wkt AL o]y
7t AT FEANE thewro} Avelx 2R Al
2 et QAUE TR F 2 AUUAE Al
A sk e AR AT (Lim ef al., 2020). A
=3} 22 GIS ZZ 13 (ArcGIS program, ver. 10.1)
o]-g-5to] 43Pt

she] R4 9 AAGEEY 2AT A% H7 9 4
Ayo] e A EAJo ZAG A 7k A7t 9f3f witE]
A e AL AAAA By OE BT A o3 o
H Az wet 1554 SeEeE FE5te] B71ek
T} (Table 1, Lim et al., 2020).

zAe Aol 24L& A EFol Y3 AY HEH
A g AdEA B AuE 2o B 29 Fof
L F3} B7}e] 2 Ho] Hrh(Doll er al., 2003; SERI, 2004;
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Fig. 1. A map showing a location of the Yangjae stream.

McDonald et al., 2016; Lim et al., 2020). 2 AR =
BE RGN AT SAT AE 2AS 22 e
Ao A £3gTh(Doll, 2003). 1Y FAHME 1
FAg e 4 g0l A A%E BhE g9
H & 155 Aa2A ST AR Ad =
o AEES A A S st 2P E=E 4F
Srch(Lim et al., 2020).
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Al shATHe WAl Bekwol, 1 AA}
el At Ay} dny g2 AAE xdshH
3 A7t W3, ASEek A e et B 58
olgt WSS S48 o2 27 o 2ol Yt} ol
3 SHS) TE 7t AAE B7t Aue] wgEel A
o] Aol 7|23 AA=rt Wi W Aew HrHEHUY
(Photo 1, Table 3).
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Legend
|| Aianthus altissima
|:| Phragmites communis
I Forsythia koreana
Forsythia koreana + Prunus serrulata var. spontanea
- Salix gracilistyla
B Acer pictum subsp. mono
B stephanandraincisa
I Prunus padus
B Uimus davidiana var. japonica
B Zelkova serrata
B salix pseudolasiogyne .
Acer pseudosieboldianum
Pseudosasa japonica
I stone embankment
[T Metasequoia glyptostroboides
B Hibiscus syriacus
Bl svimming pool
Miscanthus sacchariflorus
I water tank
[__| Fraxinus rhynchophyila
Bl saiix spp.
B Prunus sentulata var. spontanea
I oryzaspp
B Acer triflorum
- Waterway
I Paved road
Acer tataricum subsp. ginnala
B Artemisia princeps
i princeps +
I Robinia pseudoacacia
B rlatanus occidentalis
B sidewalk
B Spiraea prunifolia f. simplicifiora
B Amorpha fruticosa
B Rosa multifiora

P Grassland

fr Persicaria nodosa

I Populus tomentiglandulosa
B cornus alba

0 280 560 1,680 2,240

[ — Meters

k=an g P =) B gy 395

Fig. 2. A map showing the spatial distribution of the vegetation types in the Yangjae stream.

2. AlMo| xM7} 27 21

ALY AYEE Fig. 20 YIS FA- A= 2
Y (Phragmites communis Trin.)@°] 45.1%=2 7} 4
< HAS AAEAL, 24, HEYFEF (Salix spp.)
g}, “E|U4E (Zelkova serrata (Thunb.) Makino)2 A A], &
A (Miscanthus sacchariflorus (Maxim.) Benth.)w-2}, 7}
WUa]-HWUE (Forsythia koreana (Rehder) Nakai - Prunus
serrulata var. spontanea (Maxim.) E.H.Wilson) 3% 4] A}
A So] HE olgitt. TE} grhmetn 247 AAsHe
o] 80% OO GRES AA|sto] THE Aol 1
A &h= HA-Z 23Uk (Table 2).

SHH, FA Al A-E F 3271 AARE 5 QHE, &
AE, WA A7 e F o2 o|FoA YA &

A7 S AAHES 20702 ekt 1 ulge) 60% o4
& 2} 5HATH(Table 2).

3. AMEIE

FAe) ARTHOR AT 3F 1w Fue A4
WEE Fig. 3o Yetigith =2 Hole= Zd, AHE
(Salix gracilistyla Miq.) ¥ WEWF (Salix koreensis An-
dersson)7b AAEH UL, AFol= S, HUF, e
9 W elA| F o] o} (Metasequoia glyptostroboides Hu & W.
C.Cheng)7} == St} g, ZE ol Fetoll =5 4
A2 7} 24 0] Qlth(Photo 1).
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Photo 1. A feature of the restored Yangjae stream. The stream is composed of the double step sections and the slope of the section is steep
(a). The introduction of vegetation does not reflect the flood regime, and thereby tree willow are introduced closer to the waterway than her-
baceous reeds (b). On the waterfront, cobbles are piled up with steep slopes and trails for recreation are constructed (c), and thus reduce the

naturalness and the ecological connectivity (d).

EURE Ho X st 224ET #5 X = &
FAAE wrFeHA ZtaL ok E A A AL ¢
HES EYstr oo oA Y= AES =Yty
A A n e vdE tee o 23S 952
(Photo 1).

FAHY FFFLE AT g5 219 31 Ato]9] 4
AGHEE Fig. 3o Uttt =2 o= Z4d, &
AN, AW S, HEUR W EFH YT (Fraxinus rhync-
hophylla Hance)7h 215 Siek. AMol= e ihn, vk
2, ZAW|RE] (Amorpha fruticosa L)7}F ZAE 1 2]
ZEAE] AHAERE EUF ok A off FE
= 545 98 =o€ 27t g4t ok FE A=
Fetol] BF AP 27 245 o] Qltk(Photo 1). B R
e AR A iR R Y peEte 2
7ol 2H& 95 Qi

PR HFFEOT A ARG BHT Aol
HARHEEE Fig 30 Uekien. 2 Helt 2, A

=, HEURE 9 32 HUE (Acer pictum subsp. mono

(Maxim.) Ohashi)7} == et AFoll= SAAIUFE
(Populus tomentiglandulosa T.B.Lee)2} 727 =4 = ¢
I 2EAEo] AYAERE TdF] I ok A
ofgff RiEo= EHS Hd =dE 27t SabEa gl
TEole Fetolle 2R AHREZE 2AEY AR &
TH Y Fo] AR L FF F Hludf FF oz Yol
I JAfES 32 "ol

2w

4. XA

W7 Exo]4, AR T4H ol§ U Iy
zEo AT AdEE AR FFHAA A1, 2,2, 2,
2,3,4,1,2 % 55322 B7LE| 3Tk (Table 3). 3FF-1t]
Ae -8 AF7E 35322 a8 AR Z5EH ol§
o] 25522 ARt FF kol Hls| =T (Table 3).
A Zolof tigk ZA Zol9] HlE 1.2 o]5tE FA



e JCRU S MY I fal gl 397

Table 2. Composition of plant communities established in the Yangjae stream and their ecological characteristics.

Community name Area (mz) Percentage (%) Remarks
Ailanthus altissima 152.5 0.03 Exotic species
Acer triflorum 1,267.8 0.24 Non-ecological position
Acer pictum subsp. mono 2,701.2 0.51 Non-ecological position
Acer pseudosieboldianum 356.3 0.07 Non-ecological position
Acer saccharinum 1,720.1 0.33 Exotic species
Amorpha fruticosa 363.0 0.07 Exotic species
Artemisia princeps 908.0 0.17 -
Artemisia princeps - Miscanthus sacchariflorus 436.6 0.08 -
Cornus alba 56.8 0.01 Non-ecological position
Forsythia koreana Nakai - Prunus serrulata var. spontanea 8,193.3 1.55 Non-ecological position
Forsythia koreana 5,414.0 1.02 Non-ecological position
Grassland 184,956.0 35.01 -
Hibiscus syriacus 135.2 0.03 Non-ecological position
Metasequoia glyptostroboides 538.7 0.1 Exotic species
Miscanthus sacchariflorus 9,177.9 1.74 -
Oryza spp. 442.7 0.08 -
Persicaria nodosa 1,053.0 0.2 -
Phragmites communis 238,312.8 45.11 -
Platanus occidentalis 5,535.2 1.05 Exotic species
Populus tomentiglandulosa 1,906.8 0.36 Hybrid species
Prunus serrulata var. spont 7,555.8 1.43 Non-ecological position
Prunus padus 1,327.0 0.25 Non-ecological position
Pseudosasa japonica 277.6 0.05 Non-ecological position
Robinia pseudoacacia 1,347.2 0.26 Exotic species
Rosa multiflora 391.1 0.07 -
Salix gracilistyla 1,676.3 0.32 -
Salix spp. 33,533.0 6.35 -
Salix pseudolasiogyne 1442.1 0.27 -
Spiraea prunifolia f. simpliciflora 501.4 0.09 -
Stephanandra incisa 368.9 0.07 Non-ecological position
Ulmus davidiana var. japonica 6,192.3 1.17 Non-ecological position
Zelkova serrata 10,033.6 1.9 Non-ecological position
of FARTHISF). BetAl BY 8ol B22UQF =¥ BAR AF 7 Holt Adws FYHANE

3% P WY AR 2L V2 e 224 dehgtte
5. 349l gyl FaE Suw AT 73 gl
LEEF), AR 2L 70 2 JER waPYor 5
B ATE BALAE B2 olRolA UFGED). AP
Foz gol QAT 22 AFAYOR o|RojA 14

). AWAE 22 A 8 FALE o|RolA 9l
153, $HdIE TUALA L5480 w5
80l AR YTl 9l

o]n
ol

o AL EA} Bo| Welew B9 580l

o o

#), &5H 01%7‘E7P WolA A=t FAEE 89

NARS T FF U G5 T4 2F 22, B
S

oA Ao TA3te] 25Fo 2 Jﬂ7}£]‘i‘i‘1}

5. LH=MEf ™

YA YRE BE BARGA S FAR A =
Ag 2 BURFAGT e FaolA STl ok
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Upstream

Mg FkPs Ms Pc Sg Sk PcMs CIFk Ps
Midstream w
Trall L
% ~ ﬁ
Trall m
g Rp Ps Sv  CI Sk Pj Sg SkPc Pc Fk Pt
Downstream i
Trail m f
Pc Sg Sk Pc Fk Ps

Fig. 3. Micro-topography of flood bed and vegetation profiles in
upstream, midstream, and downstream in the Yangjae stream. Mg:
Metasequoia glyptostroboides, Fk: Forsythia koreana, Ps: Prunus
serrulata var. spontanea, Ms: Miscanthus sacchariflorus, Pc:
Phragmites communis, Sg: Salix gracilistyla, Sk: Salix koreensis,
Cl: Coreopsis lanceolate, Rp: Robinia pseudoacacia, Sv: Setaria
viridis, Pj: Phragmites japonica, Pt: Populus tomentiglandulosa,
W: Waterway.

Sh R A 1 2 22 4 9ol 2489 2
3 B Sl 3 AR F 153 AeEA FAHH
3} AR A 271S & SHAS) ARE AASSH
2R AR E T25QA0H(Lim et al., 2020, Fig. 4).

g 80| ME ARTUOIN 2 £7 JATAL G
B2l & (Phragmites japonica Steud.)o] A|vjsit}y, #E £
M AT 15 SH AT 22t ANET =
UFE7L 2 ujaka )oh(Fig. 4).

FRTAAE 2 Yol 2ol FA4HH Hokako
T (Persicaria nodosa (Pers.) Opiz)7} &5l o]oj A Z+
oot welEe] EAste 28 21 AATAL At

2 o AL HL AHET H7| WS (Salix integra
Thunb)ol A5l Auaie 22 <8 4y7EL ¥
SR (S. koreensis)7t A vstal HEAH O R S (Salix
chaenomeloides Kimura)©] 4ot} ¢tH, & &7 A1
?.03 ol -VE 07](;] /\]Aﬂl}doﬂ

L.)o] Aoupal lth(Fig. 4).

ZYE (Phalaris arundinacea

S - EXiE - 0134

Upstream

AtSg C

Pj Sg Sk Up

Midstream

w PnPa Pc

Downstream
YT RI——"
y mumnm L
JM" 3

w Pn Pc Ms Sg Sk Sc

Fig. 4. Reference information prepared for improving the ecolog-
ical quality of the upstream, the mid-stream, and the downstream
reaches of the Yangjae stream. At: Acer tataricum subsp. ginnala, C:
Carex spp., Up: Ulmus parvifolia, Ms: Miscanthus sacchariflorus,
Pa: Phalaris arundinacea, Pc: Phragmites communis, Pn: Per-
sicaria nodosa, Sc: Salix chaenomeloides, Sg: Salix gracilistyla,
Si: Salix integra, Sk: Salix koreensis, Pj: Phragmites japonica, W:
Waterway, B: Barelnad.

2 o ool 2 22l
AR ololAn] 2 9 AHTAS z1
4 AgTAe gl Aue,

N R R N

sSuAANL YR 2] FEsty 1
AMebe ANSHATHFig 5). SEle] A 2, &
o, AME B WELR 58 meste] ZHAAS W
sfe] 24, BBY U WEAL o8 Fa 4B THL
2ol ¥ qlek. T 15 WAL FLAAE W0
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Table 3. The degrees of naturalness assigned to upstream, midstream and downstream in the Yangjae stream. 5: very good, 4: good, 3: me-

dium, 2: poor, 1: very poor

Geographic position Upstream Midstream Downstream
Item Degree Degree Degree

Sinuosity of watercourse 1 1 1
The number of sandbars 2 2 3
Diversity of flow 2 2 2
River profile 2 2 2
Diversity of water course breadth 2 2 2
Artificial degree of water front protection 3 3 3
Artificial degree of bank 4 4 4
Land use within bank 1 1 1
Floodplain use 2 2 4
Transverse artificial facilities 5 5 5
Vegetation stratification 4 4 4

I A += o wjAEta, 224 E ZHE FEAA

R W 2ol WX ST Atk (Fig. 3). kA AAE HE A

Qa Qs Aj FrU Sk Sg

Pj Pj

Midstream

w
T —
Qa Qs AjFrU Sc Sk Sk Sc UFrAjQs Qa
Sg PjPn PnPj Sg
Downstream

Sk Sc U FrAj

Fig. 5. A revised plan of micro-topography of flood bed and veg-
etation profiles recommended to improve the ecological quality
of the restored Yangjae stream presented in Fig. 3. Qa: Quercus
aliena, OS: Quercus serrata, Aj: Alnus japonica, Fr: Fraxinus
rhynchophylla, U: Ulmus spp., Ms: Miscanthus sacchariflorus, Pc:
Phragmites communis, Pn: Persicaria nodosa, Sc: Salix chaenom-
eloides, Sg: Salix gracilistyla, Si: Salix integra, Sk: Salix koreensis,
Pj: Phragmites japonica, W: Waterway.

3 A wixol7] Heks A o] ge] 2He B

QUeh. 22l ¥ o] wiAstelor & MELRES A

o K

SRAAYAAE FLAAE Wstel T LA 2
B AN E-HEL ] £A7 HES vl 2 Bat o
chFig. 5). £ FAHAE AR 2T 4l 2

A E
B8 WAL SR BRALL A7 8L 21
3o 2o A= AWEL fYHER AT AL P}

I Aok EYA 9 HHilE A= 2ot 22 YA &
At Qledl, Aol 15 37 JXE stH
ZAEct 2o|A H o] vjx|stoiof gt (Fig. 5).
a3y FAHAA B EUS Adsh] f8 FA
Hoh 393 AL shde] ol digh Aol o] Foj Aok
gtk & dA9] BEudixE sk (A mist
o gukel ko] Foly TH o R sfAsteiof gt o
WAL 2t Ejutete] sk tiiE shHFHA
EXo] &S ol she] o] 3A F4E o] 9lth(Jung er
al., 2018) Ao EGHARNNE 2 Zo| ¢ FobA
T Al f140] Z718H A E Hrt A YERtRe] 4
§4 ] 2] g o] T3 ATk (Table 3). & $Euj7F RpAd 2~
A QA=A ol FH SAHAEC] HASHA =i
oAl Eo] MYt HAJo| golsl|A st e A ol
Yol F 9 AUglo] F1 §lrh(Lim ef al., 2020).

Zz1 o] Ex|o]g AgE 12T 1 (Lee et al., 2008), Al
W] A2 FETE oY Bk kA @R A
o= Ao 7Hast A MsHE AQtstaia} gt
AR A AHe HAs ui¢ stgEc geba F
A oL stHo|A T AAIe] 2AOT B Alx] ALRE
o] At o] Fo & ZlmEnt ol dt 2AS Este] =9

_<,>L

mr_}i
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Fig. 6. The current status of land use and the resto-
ration plans to improve the ecological role of each land
use type on the ecological network courses to be creat-
ed focused on the Yangjae stream. Qa: Quercus aliena,
0S: Quercus serrata, Aj: Alnus japonica, Fr: Fraxinus
rhynchophylla, U: Ulmus spp., Sk: Salix koreensis, Cl:
Carpinus laxiflora, Zs: Zelkova serrata.
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SHe e ZRAMON ABtel AR 4AL ol
= 28U (Alnus japonica (Thunb.) Steud.), 3 U+
LEURE (Ulmus spp.) A& 18]3 AR oA AHZR
1AL o2 = TR (Quercus aliena Blume), &34
(Quercus serrata Thunb. ex Murray) 52 FH3tc}t (Lee
et al., 2008; Jung et al., 2018). 322 =UT A&
71 HEE] o] 2L £olN AL 0T 9
A Z (Rosa multiflora Thunb.), FFUWTF (Ligustrum
obtusifolium Siebold & Zucc.), ZHUT (Spiraea prunifolia
f. simpliciflora Nakai) ¥ WU (Viburnum opulus var.
calvescens (Rehder) H. Hara) 52 =311 2 EAEL2 #}
A2 fFEshe ek st Aok

vopZl £9E FARY AEotFdS S5k 128
o] o]FoZl =49 A S Eol7]
oz S FH2E 3 AH network 2HA S 4
E5t3ith(Fig. 6). HE network> &4 =2 ¢] A2l
F33 A A7 ARs L Y EYE 2457 A &+
B AHA S9E Ao Al 17972 FAES
FAANNEY - AAALT vy FA-HAbe] A5
74 Al 27 FARE DETY SUvtd-o2Att
ST d-mEAte] dZdst= #3F 28 A 37k %
AHE SEHIHT YN EZTL-t2A Y S EY-maAt

> oue

S 0

fr rlo

U
bt olBE ARSH HAY 4T F =4 Y 29T
ASS FE5HAL, 5L ABsHE & W 24HW R
° N7 YR AYE T Yk BA71F $oke 2E )
ARAE 2T LGB P35S WSl BAAN
of 2 7lele ¥ Aoz BHEh AAE B4 2 7F
23 7152 F3) AT TS Bust AL BEAE
o MAAHY AY BYE 8h7)E o bt

(Jung et al., 2020).

i

1.

i
rio
o
02

oA Selsl= EXIER T JHMLet

290 w57 0|19 AW AAYHYS B=HE A
2 1 B8=2 A3 9Jth(Aronson et al., 1993; SERI, 2004;
Lee, 2016; McDonald et al., 2016). B¢H X 4o AHH

AA0] BUEA] 2 A4t vlatste] © gt HEd

BESHT § B2 AW NE2S Holk UL TedtH
(Lee et al., 2003; Lee and Lee, 2004; Lee et al., 2010; Lim
et al., 2020), FAH HHZ o|HF ZHOA 54 an
£ o] A2 = HrtHEt (Photo 1 F11).
Ble ® o2 BEE I4% 59 359

T
N

%9
3716 ol&dte] A7t AL LA L FH5}
AL & 4 U}t (Freedman, 1995; Gunn, 1995; Lee et al.,
2004, 2007, 2008; Lim et al., 2020). 13+ 21X 2] $437)
52 A% F2E ZE: GH A, & AdAE 9 A
oA oz =3]E 4 Qlch(Lee and You, 2001). ELF
A&7t o] AY ThFet T 2AE 257 Hohe AHNE 1
o, A BY2 Qe HHs L FH =H

i e

ol

N

et al., 2020). £9] t}hFA
= %93 940]th(Odum and Barrett, 2005). 12| 1 A}
B2 B 7k 7ol Ao Tedtal B9
e 2 B3tE AE S35t M E A= vtz ok
(Bradshaw, 1984). wh2tA] H-EX] ¢F-2 2|40 H] w5}
5949 A&7 A 2 S B AL FAH B
o] 79| A IE A= EHe adE w3
T & Ao = griddg.

I A FHoA olHT FBA SHRto| A4
He= AL ofltt o] 29 EA g iy
FA| FH7} o]Ro|2| 2] Fa Al SHolA o 7t
A ZARE Sejd

A, 3P HHE AL g8kl AAAsHHo] Hol=
At Ay F zpolE Bl votrt olget F3F A
Atz ool =Ytz sk Ao FFFS v|A E ok
E A" ZAE oF71A1712 ot 9 &84 g9
A HAEE o2 BAES AAA SH9 daFolA #
2 4 ok 89 9 (room for the river, Fokkens, 2006)
qAAHE EHE {8 FES Fho] FREAGH o]t
A7 EE 4 QAR FAH BYL I S e
gto g SHIF oA B F5kaL Qo ofd Aol
A FE A B oEstY ket AEAXAE F
%7 A AR ddH ofd HoA g Hoh
ot AEAASE S FEsH7] 93 o] aFH

AN EH A EAFLS WA HfAES =3 b
A & 4= Slch(Table 2). A E¢o] &4 A4S
i, AR Tt Z4FA " A" AAE T8 9
Fo Y 9 ks AT 5 ok 59 2H49 9
£ 133}9 (SERL, 2004; Lee, 2016; McDonald ef al.,
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2016) o]#gt A1) &2 1 Hijo] EXRut A ofF
dh(Lee et al., 2003). 2| ZH O] T2 EAH L =8 4
B9 IHEE, A BE, ux g w2 zlo] T A
A FE O HAo A 2H& 4= 91t} (Photo 1, Fig. 3).

2. StxIAE

shadE gAY Aasee Y=g ud
o S AR Prhe A B4 A AE =S
goHom Briste] @A sHo] LSl AA AeelA
o A ot} YA 7Hssk, 1T Rol7t 5
A ANA of | Julzt glon AL Ao HpwE
Y3ty YaAl ol FEo| U9H w2o| BaTAE

AAs7] 98t A& (Doll, 2003; Lim et al., 2020).

22 AEAe] $AH BAL AuHom P 7
© 47 gor], zWA R sEAL ARt B 9
At A97t ek agolE 2750 103 2o| #
wskel o o] For AUAASS BAALY FES
NI 4 gk Bobol Basith B3 Y AEA
NAHE BYH7] GAAE AR S APt
A& 71 oz} avt

gel ezl g2 e o4, A4, 849 31 7)ol
ek 2 § WA S5 Fa%el $241 Qi 39
27 gtk o] 7)ol F2L A H AL ko] Ao
A 2F Wl o ool AztelA Ao e el
244317 A RE ot ﬂxm QUzkel oJ5t 27l
sEd 2] he Qs Bhgske Aol we
e }ﬁg AATO m2Y 7}1} R RoF 2
st 7152 WAsk Qleka @ 4 ek gkl 93
G Aol Holk 2% W e vz o] 2%

F
l‘

_'El

ol

|
F r

o] Agtolct. T} o] gt 7|&He Ao SojHof de)
olaE| 1 Qlth 159t stA T TEo] A1} FH= 17t

240 vlgf| shHof gt o] =2 i vE
(Lee et al., 1999, 2002).

ot WHAA S de A RFOE &
Y2 e AEe AAS vHigEe AlZbo] QITHE oA
AAZA 02 M LS BZTh(Lee et al., 1999).
ol2|gt wHttY e Ak A YUstr] Yot HHS AA
AgE BEOo 8 vt 439 g ey, Aks A g
FAL Bt e /e o7t QIth(MEA, 2005).
SHHAAE Hrhek shH Y AL AEE Ao
AFH o2 gYrists AL Wittt spHAAE BHrhe] &
AL 53 o] & BA, volrt EQA qm |
A4 ZAE Fofstar olo gt 7HAE 517] ¢

shsict

.8k H Aozt

Al 7HA] 282 T glo]

239513 9k WAle] ofa)A o] FA4E T, WAE EA}
£ a5 gutel] HaEt HARE olgo] Hu, 4
o] Z71shel ThA] WAl ARt oA o] snle
ol FUYFOR olgT} Fo| AH o2 FHHTHLee

etal., 1999, 2002).
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Qo2 2 ANY Hole HHAE
£ YEA) 88 22 ol el 9
T2 £9 104 o
7} §ltk(Lee et al., 1999, 2002).

FEFE B2 Y S2AE AL HEEFDH £
o] @sto] e} H A4S SHHOIAE o] F2] 7
of WiAE T | 2o els) FAIT HHo] HHE of
g3t 3ld o m|RFE FA3I}h o)et Zo] FAH S22
el RBRE $49) HolE 7w, 419 ol 4
29 o]z ojojx, 429 Aol ThY| SEALLF
oI s 43 Sad ola8As) Aole s
olef ol BT e Aslattizhe 449 2
$58 2ste] 220 AAskE A2
& 2gskn, Mzt 2z At 42 JUA £
AAZE Hgalv 4go) HA0] 38 4T o 9
ot (Lee et al., 1999, 2005, 2006).

s, s e Al FHA 28T FEFE sEL
S40] Bagalo] 1 YU HE Ao Hheto]
Zole] fol7 wagich Palzkgol dolt she) 7h
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2 Ese folesd Gt 3, ol=s B4 F9 5
Aol At 2e Aol YHHTE 2o 7
Sote=m 2 4R P9l Favt Be AL
wjgolct. 0|9} 2& FAZgo] o8] BAH £}
SES et o Bl of st
Azt go] doluh REL 4l

o e e AP YA ol HH

ol 2 Y
of FFEH 22 Aol TEoA L, Brh g2 HHY= o]
oA HMHAES olFo] Fo SAAEUE AT o]

gt Zhg-o] ojoj A A AL FTHAS NP+
27} AT, T R 2 olojAr ekt
ABE 52 Foe A 247 UUEEOIT (Lee ef al.
1999, 2005, 2006).

o|#3t AP LR Zt7] 2 w A A (disturbance
regime)@t A5} (water table)S 4|3t} A2 ThE 2
S HRgtth I A9 el 2 W, 3EH 2 A
W Aol A 242 224, HEY E 2599 FE7F "o
ZH ARG E o|RE AE F& AFel "t &)zt A
T AREA ] TS 2EAAGA A, SR E, 1]
U] (Oenanthe javanica (Blume) DC.), I0}&] (Persicaria
thunbergii (Siebold & Zucc.) H.Gross) @ ooy 5
S 5 5 AT BEAYAL ojz) o) MEURF (Salix
pp)7t FRE o|2ul, Aol REAMES HELE,
Gw5, AYF (Acer tataricum subsp. ginnala (Maxim.)
Wesm.), 22| U7, EFH U, ¥ (Ulmus pumila L.),
F=FYE (Ulmus parvifolia Jacq.) B =55 (Ulmus
davidiana var. japonica (Rehder) Nakai) 59°] FHE ©o|F
I Qlth(Lee et al., 2008; Jung et al., 2018).

4, ZI1Xst 22 (true restoration)S O|R0{LH7| LISt Mot

A BELde 243 A9 AAE o]Fo AFe
9L 3 Bst= 34 o|th(SERIL 2004; Lee, 2016; Mc-

Donald et al., 2016). & A EjAl= 7JHA 2 A (Odum and
Barrett, 2005) e A2} WA Abol= A3 2HE51o]
¥ (landscape)S ©]F o] H T} (Zonneveld, 1995; Hong et
al., 1997; Farina, 2006). 3} = ALY =G e A (stream
ecosystem)?} =AY E)A| (riparian ecosystem) 7} 2
73 (landscape)©] o} (Goodwin et al., 1997). $tH, 312 0|
chebe ABe MATLOR J)5ota, 23, B4R, 3
7, 27 ol A DA ot ot AHas
Q7 3t S 185 (Lee er al., 1999), L= &}
2 FHY SAAHA L A dES olF W 5 2
o] H&g o]Fojd & Qlrh(Lee et al., 2007).
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