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The Effect of Ecological Restoration and Water Purification
of Ecological Fish-way and Floodplain Back Wetland Created
as Sustainable Structured Wetland Biotope at Maeno Stream
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Abstract : This study monitored the changes before and after restoration of ecological stream

focusing on the places which are applied Sustainable Structured wetland Biotop (SSB) system and
ecological Fish-way for restoration of Maeno stream. A total of 11 species and 191 individuals of
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fishes were founded out which were not verified inhabitation before restoration at SSB wetlands.

Especially, it was could identified that micro habitat and healthy Fish-way was created because the

restored target species, Microphysogobio yaluensis and Iksookimia koreensis were identified that

habitation was monitored in SSB wetland. Amphibian have been restored to a number of Rana

nigromaculata found in and around wetlands at the time of the third survey, which is highly active

after restoration. Specified endangered species class 1 and natural monuments designated by the

Ministry of Environment, Lutra lutra lutra, as a Mammalian, uses the wetlands and ecological Fish-

way as habitat areas, and the his habitat is restored. In the case of Flora, vascular plants emerging

in the survey area were increased to 7 and 13 species before restoration and 15 and 19 species directly

after restoration, and 22 species and 33 species after restoration. Vegetation after restoration was

found to be a basic producer of various ecosystems and a plant community that contributes to the

purification of water quality such as Phragmites japonica communities. As the result of water quality
monitoring, the average of treatment efficiencies were BOD 64.3%, T-N 47.2%, T-P 80.7%. Successful

treatment of the nonpoint pullution source, which is a limiting factor to disturb the ecosystem,

creatively restored the target species in the water quality class I, II.
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Ecological Restoration
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Figure 2. Status and charactensncs of the site
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3. YE M- HHSH|RE & Fish—-way2| T122}
7ls
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Figure 4. Ecological Fish-way of Structured with Riffle,
Pool (Byeon 2013, patent No. 10-0839660)
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Table 1. Residence time of the facility

Division Volume | Residence | Flowrate | Depth
(m’) | time (hr) | (m/hr) (m)
Forebay 409 4.6 9.9 0.6
Wetland/ | |45 77 14.9 02~0.8
Pond
Micropool 242 23 10.4 0.6
stol $415 ZABHGITE 1 99 e A4 A

a2

AFE1A ®] o]l 5] 1A 1,800 m*(FEA]H 2 10,000
m?), HAFAIZE F 14.6 hr(0.6 day)7F2.2] AJef 242
sh] 0 F AlAES AR WY AAE Sol 248t
ict, Table 13} Zo] 2 XA O] ThekA] A 4142 7
745 A (forebay), 541/A%(wetland /pond), 274
A](micropool) 5 A AI7HS] A o= vhen, 247}
O A FAI7FE4.6 hr, 7.7 hr, 2.3 hr& A5}

3) AAEH Qe BYA A
2013 el 5|2t ZigzagH Bf Fish—wayE =

Aha1, 2014 ool A5 B A9} Fish-
way (A Gl 01 2) B FH O e B UA T

< S 59N F 88 A, 29 E
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TA0 34 150mm
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Figure 6. Design and Master Plan Process of Zigzag type Fish-way (Byeon 2012)
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3} Zigzag® B Fish—way= 2017d7H4] 3d &
ot T71E AFSE o= BF, §4 5=
QgE o2 7]5 A UEhA| ghot =] A 07 QF
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T A 7)ol A SHHAIAEE AR Al
AAAQ FA TS AlYsHeE shoict,
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FEo] AAISH 70 AR o Busn,
20141015 71 EAE B Tefatel 33 34
S ZHE FY $2S FEHOR BUsiel A7
How ek A FESRAT, B, /12
SIS EL HAA of2, £ 52 Bgte] 313
5% 9 58 989 51, 28 2 A AS AR
she el S Aot

BAE L A AE AL 2 mUEY 2R
Fol QRS ARSEA} O 2GRS
AT ZU 49 £9), 3% Sl it A4E
of Heke st oleld PO e, &
AT E00) 4BF AN FAT Y 5
7 o] o]0l 4 QE® 24y T
2 At

5 -5 AR ZAR] ZAX| o) A T of
E
=]

=
=1
+ Table 28} Zro| ol A A=A HTH| 2 F &
o

Qe

Before restoration(2013)

After restoration(20 1 4)

sHlTh 7L A3t v e e o 5+
O A%, A 2HSAl 54 Tl A ol F=
A=A AU, FHUS 2AIA F 1UF 19170417}
ZALE T 535] 5% 671 A A 2AHE
I FA O] hFE AQRBA, SA/A%E, QA
S)olA ThFRE T HolFrh AAshe Alor 2
AFEIQIE}, 3 Table 2004 W= uke} o] sPH+t
Ao A= BUAF o] BT F =d A7 9070
Aol A 14270A = 71 3k, o= A& Aok
AL FHE Aol 24 Zigzag@H Fish—way
9 Aol molg s Be) e olEo] ol 5o
2R A0 RUEHE
EnlR}H(Microphysogobio yaluensis)?] 7% &
Aol Tt BRI B BRxF o 2H 2010
W SHA7| A Al EmRAbel A AAlskaL 9l
d Ao & 7|55 1L 9l 91 (Daejeon Metropolitan
City 2011), H-AFY Al (2013,3) AAFZALol|A]
AAlo] ERIE|R] gkl ol w&F HIF e dHT
e Adle = FA7E = AQlolSinh Ee 5
A BAREA 8 BLATO| A o] Sl
USEEE, S BN o 6T e ER
OF e A A4 3] 5 FooflA] AAo] gelE R
ZH BRFo] AuAHor BHdEoll el 4
AR 58 58 5RETY n|2A A7 5H L

2 2ol HUETHIH.

o

%

1) 2. 201408, Aefob EUARR] 715414, p6d
— 25 AEel o] o] 7R T SR TS 5
e 5 S0 SIS WAL Al
— ool izt ez ARIAIE] TARE ZldhE A1 o

- R ARISES, 444 BUERS B A
R e L EEDEEBER N
5 wish, A4 e Ae 52 afobshs Alad T
Qi

R
After restoration (2017)

Flood time(2016)
Figure 7. Before and After Site Views of Restoration at FishWay
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Table 2. Survey of fish fauna

Primary Secondary o .
(Under construction of | (Immediately after floiGiz mogt(l)l?ji;er SR
) ) 2013, | restoration) 2013.11 | restoration) 2014.4 :

No.| Family Species 2010 3 | Maeno|  Wetland | Maeno T Note
mid | Plannedplace| mid | SSB | Figh- [ Up | Down SSB
stream | (Sediment) | stream way | stream | stream Sum

| Pseudorasbora ] ) )

parva

) Carassius o | 5 1 4 4

auratus

3 Acheilognathus

(0]
lanceolatus

4 Pseudogobio | | 15 | 4 30 6 9 | 2

esocinus

5 Hem?'barb_us 9 1 3

longirostris

6 ‘;“”g.’”"gi“ o | 23| 13 13 4 70142119

. erzi

—— Cyprinidae > m

7 Squflz us gracilis | 14

majimae

3 Micmph)fsogobio o 6 6 | 5 =

yaluensis

9 Rhynchocypris 4 ) 4 4 5

oxycephalus

10 fa""" 78 | 27 42 8| 2| 142561 | 37| =

oreanus
Zacco

1 temminckii © 23

12 Zacco platypus | o 24 9 10 7 7115

13 Misgurnus 1o 1

. anguillicaudatus
—— Cobitidae Tesoolimi
14 & oorumia o | 13 3 1 4 41 14 5
oreensis
. Pseudobagrus =

15| Bagridae Koreamis 3 3 1 1 E

16 | Odontobutidae | O40mObUAs || |y 2 2 1| =

platycephala -

17 | Centrarchidae Microp rerus 9 @],

salmoides ’

18| Gobiidae | Hnogobis 4| 7 2 4l 3| s |12 s

runneus

Species 13 6 3 13 11
Total

Individuals 90 68 14 142 | 177

) &3k LG5 (EARD), 9f - Qe

F2) 1 “*Jiﬁﬂ} *3514 ol-g-ofl BIE” A23 (T FALA] 2013-12%) S RA G A A w Y &=

3) 20104 A= = 37| EA & of| -2 Z}EEN FA] B ZALE LH%—%}(Daejeon Metropolitan City 2011; Maeno
stream-Seongjeon stream-Samseong stream River basics plan)

4) 2013.3 A= FARES A AAEA A 2AHE Y8

Z5)2014.9 Z A= (Daejeon seogu, 2014.09, Ecological river Fish-way Restoration business(Secondary) Restoration construction
monitoring report p106)o]] =5 U-8-¢
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Table 3. Survey of Amphibians and Reptiles

Primary (Under construction of | Secondary _Third
. . restoration) 2013.11 (Immediately | (Six months
No. Family Species after after Note
Maeno Wetland Planned restoration) restoration)
midstream | place (Sediment) 2014.4 2014.9
1 Rana nigromaculata Adult
2 Ranidae Rana rugosa Adult Adult Adult, tadpole
3 Rana temporaria dybowskii Adult
4 Colubridae | Rhabdophis tigrinus lateralis Adult
Families 1 1 2
Total ;
Species 2 1 3
Table 4. Survey of Mammalian Fauna
Primary (Under construction of Secondary Third (Six
] ] restoration) 2013.11 (Immediately | months after
No. Family Species : ; Note
Maeno Wetland Planned | after restoration) |  restoration)
midstream place(Sediment) 2014.4 2014.9
. Nyctereutes procyonoides
1 Canidae Koreensis pad pad pad pad
2 Mustelidae | Lutra lutra lutra animal dung animal dung animal dung | Z,'H
3 Felidae Felis catus watch watch
4 Cervidac Hydropotes inermis pad animal dung pad(,iammal pad, animal
argynopus ung dung
5 Muridae Musmusculus yamashinai watch
Families 4
Total -
Species 4
) A3 A WAV E AI30E, E 1 SR EES)7I P E IF
o[l Aol A Zigzag@ e Fish—wayS o]-&sh=  AREJIATE B2 AAI7F E1E A= ekt T2y
o9 o] Aol thet 2Ak o] Fo XA BT 8F 322014, 9)FAF Al7]olle FAFY BEol w2
ARt Fish—way A 82 vk AAAQ) spd7k AZ|= vof 727t A ddein| of 5
SAEAT e ZALE AW, Bubd, BF HE2UH 442 FHOR 1 2 By
Mo} mlak A A Bl 2550 4 %04 = HYE PSR Al AAsEE Zo] ElE gl
o, 5 Fish-way o o8 dgel et 7} = ) zos
TTTT
A= =13 ] T
(e 0] A A B 450 mUEY A 59 A5 BHE 28
(0 SMIEF T Table 49 o] IAFRAHEH H)o)A 43} 45,
P TEE BUHY A3, B0 AT VA 2% 3% (BY ) 4 4FOR T4 FAL B
A= Table 337 o] FARREAI(2013.11) FAF o] FEE A BF7H e Fols HEHA &
© 13 2F0] =AML, 59 32014, 4 % 2014, k3L, F7h= oY BHE J1¢Fo] o] Aol EQlE it
9) AN FATE, ST & AT 23S ut T B F S we ol sk Y, aleh,
37 150 47 AT 1, 24 2P BE U7e So] 54 BEQOloR o83 Aow
M@ 7] 8o] e A7IRM, MeEEe] ARS  ZAEYT BT 20139 13} A4 e 5
& &5Aol Yot FAitE], B latE] 2F0l 2 Roja S 2(EAFAY BEA7IOMIYE



518 EZYSYIt H26H M6

o, AA7IdE AI330%)0] 20149 2~32F £AHE A SAA QY AT FdSe AR Ae
o, AW vkt Fish—way FHofl A 29 wjld o] 7% BdAS BUEY 23S A48 @
ol YejA Ao 2F SAE AL 2ely] FRAAT ZAA] Aol S8l WHAES 13} &
k., 53], 29| Holo] He of 77t U YA (2013.11) F 7T 13F, 22k U2 $(2014.4)
2 KA o] QPSR A] o] Al gl Hol g F 153 19, 37} R5(2014.9) 223} 33F o8 £
HAZ o]§H Aoz FAH ARELT, HAH T FL SQlEA] ohgteh, A
WAL 0B FAOR BUH ARE
2) AES AN Yl HE 2 L opmabs ol Odsln]
2, HE, F, =UBAE o] St 2400] A
(1) M= O 1.5 moldo= e 7E Fostal te] ke
Table 59} 0] A4 HBI0E 9 S = Fol Hgo] ol T Holglt A, $U%
Table 5. Survey of Flora
Primary (Under construction | Secondary (Immediately | Third (Six months after
) ) of restoration; 2013.11) | after restoration; 2014.4) |  restoration; 2014.9)
No. Family Species
Flora Inflow Flora Inflow Flora Inflow
Species Dropsy Species Dropsy Species Dropsy
1 . Phragmites communis @) (@)
——  Gramineae
2 Zizania latifolia @) (@)
3 Iris pseudoacorus L. @) (@)
Iridaceae Iris ensata var.
4 spontanea © )
5 | Menyanthaceae | Nymphoides peltata @) ©
6 Typha orientalis © ©
——  Typhaceae
7 Typha angustata © ©
8 | Nymphaeaceae | Nymphaea tetragona © ©
9 Polygonaceae | Persicaria thunbergii © ©
10 Cyperaceae | Scirpus triqueter © O
11 Gramineae | Phragmites japonica @) ©) ©)
12 Ginkgophyta | Ginkgo biloba © ©
13 ) Leonurus sibiricus @) @)
— Labiatae
14 Orthodon punctulatum ©
15 Erigeron annuus @) (@) @)
16 Erigeron canadensis (@)
17 Tagetes patula © ©
Artemisia princeps
18 var. orientalis o © ©
19 Asteraceae Tagetes erecta ©
20 Cosmos bipinnatus ©
21 Bidens bipinnata O O
22 Bidens frondosa @)
23 Ambrosia artemisiifolia ©
24 Lactuca indica @)
25 Pueraria thunbergiana (@) @) @)
——  Fabaceae
26 Trifolium pratense ©
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Table 5. Continue

Primary (Under construction | Secondary (Immediately | Third (Six months after
. . of restoration; 2013.11) | after restoration; 2014.4) |  restoration; 2014.9)
No. Family Species
Flora Inflow Flora Inflow Flora Inflow
Species Dropsy Species Dropsy Species Dropsy

27 Equisetaceae | Equisetum arvense (@) @) (@)

28 | Amaranthaceae | Chenopodium album ©

29 Cannabaceae | Humulus japonicus (@) @) (@)

30 Persicaria thunbergii ©

31 Polygonaceae | Rumex crispus @)

32 Polygonum longisetum ©

33 Primulaceae | Trientails europaea L. ©

34 | Convolvulaceae |Ipomoea nil ©

35 | Commelinaceae | Commelina communis @)

36 | Amaranthaceae Chenopodium  album 0

var. centrorubrum
37 | Balsaminaceae |Impatiens balsamina ©
Pennisetum
38 Poaceae alopecuroides ©
39 Arthraxon hispidus ©
Families 7 8 7 8 14
Total -
Species 13 10 9 10 23
oz AE AR TnkY, IweE o o UME, NE AL AT o] 2L o
5ol FAskaL et SHSAL QlTk, E3] o= sk o] Frhef/doll Attt
) A AT A 72 AARA S AR AL
o] ol A 7|vlE AL B2 g2 ==0] Me]A
AT A Belo] Al Fha i) whE ol 1 o 4] e ‘; e ‘]* ;;‘Tf M“;
B B Askaole]l 5l v A AYox resilient,
47091 BAL Bo] ofa) IR g4 Aojolnl, TR TT T TS EAE o
_ _ E 722 AAD |5 AYgAC R 7]odskal Q=
WATHE F2 ALY BUREE ven gy T AT PABVIA AARAL sls A
N 0 ZA
olp], T4xe) ALBE R Aoy A= EAHAS,

_ _ _ 1 AAL Figure 83} Zro] dig|&Lgto| £
ofstol JEAIN BUOR N e g Ay St HIEE Fieure 8% Do] EREEIEl
at Wt o, S22 vt pgseol F4s 9)
A

_ - _ o AHAIHL =7 0] FFS vk Ao Z

B4 G ol Aol pE 7 VY . : A

sLo]= = S 4 P
2 SOl At AR 2E) A4 GErhE SR e e

N 2| A L. R 7o) o227} 2=
NAE FRIE BARAL AT Qe geae L2 AEE Fewre 0% o] g7t 24
Residential area shore vegetation
S [ s masses [ [ rocuammen e o —
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Figure 8. Vegetation cross section of after restoration
(St.1A-A)

Figure 9. Vegetation cross section of after restoration
(St.2B-B)
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ZE 55 o83t Aol FAH S5 At
TS 93] ok, Figure 107} o] 2 & A3
ol 49 FAFg e MYrHe F452 AdHe
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Mg GHAS F7H71= 715 sk Qo

3) +2

w7} Aleh sk
Heddd ofF AeA 59 Agrad(limiting
factor)o|th, G-UsRoA e A LA ASHH 0 &
Al~"lo 2 391E BOD 5% WSt HtsrEs 7t
7} 1.2 mg/L~120 mg/L (23.8 mg/L), T-N &=
Wolol Hgerl 7hzb 1470 mg/L~12.388
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Figure 10. Vegetation cross section of after restoration
(St.3C-C)
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Table 6. Anual Water Purification Rate Monitoring Results of Sustainable Structured Wetland biotop System at Maeno
midstream (2013~2014)
- BODs (mg/L) T-N (mg/L) T-P (mg/L)
ear
Influent | Effluent |Efficiency | Influent | Effluent | Efficiency | Influent | Effluent | Efficiency
20139 10¥ 31 1.2 0.8 33.3% 1.470 1.420 3.4% 0.025 0.080 -
20134 124 16 12 09 25.0% 2319 | 2367 - 0.020 0.021 -
2013 129 23 120 0.8 99.3% 6.249 2.196 64.9% 0.447 0.026 94.2%
20139 129 24 6.8 1.0 85.3% 12.388 2.499 79.8% 5.319 2219 58.3%
2014 069 13 4.8 1.6 66.7% 4.011 2.190 45.4% 0.721 0.113 84.3%
20149 094 12¢ 8.8 2.1 76.1% 3.031 1.745 42.4% 0.156 0.022 85.9%
Average 23.8 12 64.3% 4911 2.070 47.2% 1.152 0414 80.7%
soint 9%o0] ZAFE|9T, B 67)LF(2014, 9) ZAeA
FANS Sojol AL, AAN RS NFA AT 17} 2%, HEF 13 150] 22 2AE AL,
Aoi71 2] Mstol| HAsHA gt 5, AxIAL 53] 33} HUF Aol FAFY S50l =
A AFH ST E A Aol wHA Al & A2 FAeF TN tha=o Zte| 7 S
SN Y HYo HRE GAT 4 Ath £ SHOE AAsh= A0RE SRIESIT, HYol%
Bl A2 Ao 5 A" Zigzag® H AGFRE FEEHERAAY 3o E I, A
Fish—way % 2t ol ol 5o] &4 A& 7|98 A|3308)S ZeHeE ey, Y 5 &
FAo R Alget sk 2H54(2013, 11), H-93] 53} 5E0] AAlek= A o= ZAMESITH e/ 7
(2014, 4), 4 6714 5(2014 9) AJefets B} $- ZAA Aol 288 B FARREAI(2013, 11)
of ¥t HUE Y A= oS 2k $4, o179 = 2 17 13%, HUAF(2014, 4)= F 157 195,
79 A ASA(2013, 1)=& 13F 907N A=A 671 *(2014, 9= F 227} 33F R F7IE
FE2 miied ol A BHEE AL FA] oA A9 At
M ofF7F WEEA gttt shANE, EYAS FARYEY 2y}, BYAS o] H-uHe
(2014, 4)oll= A A =dAsHu 07 FA A F S Wzt Haskol gt ey Aot 05
1 19U A17F FE=5dE o] 2A = E3] o] Hejagd BODY A% Hat F+UFE 23.8
e A A g Bhe] @5 FA| A Yol Al EH%—*P*"J mg/L, B +E55% 1.2 mg/Lo| X2 as& B+
Ehat, AN S ohekRt S gl ot 22 64.3%2] HE|a&S Hort E3 T-N2 Ha 74

%
FES HYo =M AT Fish—wayet Ul**ﬂ 2]
2YE P, 53] Evpat
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