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was continued for five consecutive years after the renovation (2015 to 2019). Since the
Received: 8 November 2019 renovation of the fish passage, the economic values increased with increases in the
First Revised: 2 January 2020 fishery resources, except for in 2016 when the drought impact was severe. The yearly
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migratory fish as a result of habitat expansion. The exponential rise model showed an
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coefficient contributing to economic analysis was 0.582 and the maximum economic
value after the renovation was estimated at about 30.4 million. The economic value
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(TEEB 2010). Tr=2tA] AAeiAl AH]A Qo) 2= o35t
7] $15h 2t 2o A FF O] Ay} ofof whg 717}
7| uHshkE 22 42l H vk 7MY H A AH]
2T37FE 9% A BRI A A Z1Hke] H= AA|
MU AE St 3, 24, F2HAIH| A ZofR Lo
A3 A Wi Aty obY F - Al 52 AEA
A 2] - Fa A A ZSHNA F a7t BrigEe] € 4 9l
(Joo et al. 2017).
o|A7tA] shd el FF2ER] o]k (Fishway)+ oHd 9]
T AEAS AR e FERER AAE] goH, &
T A=A 715 9 Aol disiAle e o] st
(Cha et al. 2015). 5o A2 H ojex 7|2 0% A&
K417] s Zlol 4 gEA] 27 8 220 ]
58 7P Qo B, ER AP E S UsE 8 2
o2 Z|EHo| A ZEMH|A 715 4 435} 9]
ok 71 9] e ng, ¥, A9, o7t T ohdRt 22k A
H| A 7]5 5 4afstal Qlk whahA] ol theh thefet 3
7HA & Nt 9P SREE ZHAE T el Agoltt
(Karjalainen etal. 2013).
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MAe Z7E st s o] d4 weof =

2 pejsh] $9)
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™} (Choi and An 2013; Lee and An 2016; Lee et al. 2017). 5t
A 81t AEA AR oA BAA 7HAE Bt 4ATH
A Hele iAo g njEsHA JegE o] g,

FHE FUEHE ks T AHAAY B5 ol
(Tribolodon hakonensis), <1 (Plecoglossus altivelis), $1©1
(Oncorhynchus keta) 5 THRt 2]-/d01&<] ol&xt =}
1| (Zacco platypus), 87N (Squalidus multimaculatus), A5
]33] (Koreocobitis rotundicaudata) 5 12+ 01 2] =]
Sfr7F TSk Qlo] BAA 7R 7F mil-g- wou, et
2o SaTaR) X5 A8 ofFo] AT k. o}
ebq ol o] s B 5110] £4 Ad o] S
of nfet claket o] o] Alekaat 441K S ls) A4l
% B Al 2 Ao A B
SR04 o]t A|HZ W F o] D A AU WE
& B3} ofo] T A2 A v lskch

JERRT

1. RAFK|H 9 ZARA]7)

FollE FEE AHedAd fAst=
0010 (Samcheokosipcheon0010 Weir; SOW-0010)E Tf
Ao 2 ZAME A5 (Fig. 1), 1= TNESE 2014
W 1290 $EEJT &F o1 F 2019W7HA] A &H o R
HUE R o] o] Fo| 2|11 Qlt}. i A= ok ZiES o]
20149 3871 (99) 2t 4271 (119) 23] AP} o] 20l H]
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Fig. 1. Sampling location of SOW-0010 in Samcheokosipcheon flowing into the East Sea in Korea.
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Table 1. Surface area for fish survival and the ratio of the surveyed area

Name of weir Upstream area Downstream area Area from weir Total area Proportion of
(m?) (m?) to estuary (m?) (m?) surveyed area (%)
SOW-0010 12,369 14,279 319,841 300,226 8.88

o, fES o] %Rl 2015EFH 2019W7HA] v E71HEE 4
3]/ d AP} o]RojH o) 2 AFoA = ok RS
of mhE HatES ZA5H] S8l ok A Rl 3~4
w719t FLA7] o] ZAPE A= E ] wEA 5T

2. 0|/ =AW XHET 3

sHAS] oRAN L AFEATH Dol
(Catch per unit effort, CPUE) o gt ¥ AF- 315 200m T+
He e s B (HE 7x7 mm: 103]) 3 S (U=
4xamm: 308) o}gele] ol 2ALE ANelsct AU
olsHz BRI B4 U AST T S4 HHIAL o1%
9] FAoll= Aol A EEH HME (Kim and Park 2002;
Chae et al. 2019) & ©]-&5I3ith H A olF7 AR oA
A0lH A (Swepted area method, SAM)= -85t o] F
o] 87Fs A, ol g, T, FolgE 52 7INt
o2 o]F AdFE 5745 (King 2007) (Eq. 1).

R il Ltaici 1 B
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2 olFAA0] P AT SAUALS A5t

s
4

3 Eol9)E(Q)L oo Psn AT} Hd (D)g T

2sto] FaHHH|E Foll Aottt (Jordan et al. 1997;

Rojas and Minello 1997; Stevens 2006) (Eq. 2).
a w(r-r/2)"  °o1¥7FsHA

o EYEA(D)

A7|M ne AFE, r2 FEIAE, r2 T8l 224 of

70| B2a7]S Lehacy.

3. O|f XHAPS 7[HIe 2 o FHH Jkx] =73

27 o7 AUFE 7O U4 5412 % 2
=z L
= T

Gl A AR AAFo1F 70F (NIFS 2016)
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Table 2. Unit price per kilogram of economic fishes captured in
the SOW-0010

Fish species Unit price (kg)
Carassius auratus (£04) W 6,549
Cyprinus carpio (Q0{) W 4,228
Rhynchocypris oxycephalus (HEX|) W 5,859
Tribolodon hakonensis (2+04) W 5,859
Zacco platypus (I 2t0]) W 8,341
Koreocobitis rotundicaudata (MZ0| 1 2]) W 10,306
Silurus asotus (H|7|) W 3,438
Silurus microdorsalis (01 R7]) W 3,438
Plecoglossus altivelis (2) W 19,274
Oncorhynchus keta (H0) W 1,350
Oncorhynchus masou masou (£t 04/ 04) W 15,159
Mugil cephalus (£0) W 4,382
Odontobuitis interrupta (HESAI2]) W 7009
Gymnogobius urotaenia (BX|7) W 7009

Fishery information portal in the Dept. of Oceans and Fisheries (http://
www.fips.go.kr)

T 2 AFolA FelE FEo
AL BAA 7HAE 55t
o2 (https:/ /www.fips.go.kr) S 2HE 345190
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SPSS 12.0 Ko (SPSS Inc., Chicago, IC, USA) &
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SOW-00109] /- 5H7 3ol A AT F<F A4
o] gkl ojRE X 123} 28%F 2,16470A17F A = Ak
(Table 3). SolF o2 FFL7|oPY A& 152 7HAL
7| (Pungitius sinensis), 57 (Cottus hangiongensis) 2
(5.7%), SHFA o] WE/d& EFst= 710l H= 2
D5-E2 412 (Coreoleuciscus splendidus), =N (Squalidus
japonicus coreanus), &M, FEN (Iksookimia koreensis),
M a)gte], 27k A (Liobagrus mediadiposalis), P17

(Silurus microdorsalis), D552 (Odontobutis interrupta)

S 8% (28.6%) 0 & HQIE]o] W{FO] F/JH| 7} TR 9|
A 155 W13 23.0% (Nam 1996) Hrt 37 Lret

H <ot (Cyprinidae) 15771 10
(35.7%) o= E@Fo| 7MY o, thalo g Ysolit
(Gobiidae) 1577} 48 (14.3%), PIF42] 7 (Cobitidae), S7H
T} (Balitoridae), ™71} (Siluridae), 1017} (Salmonidae) ©]
T 247 28 (7.1%) 59 22 A 4ol F o]
1} o] F50] thE ERoll XM olFERET ¢ theks
Al BEshs AHHAQ EAME dAshs Ao® v
T} (Choi et al. 1984). THH, T2 FU == ko] E4
A B o] R/Ql Fol, 20, o], A o] (Oncorhynchus
masou masou), 7FA 17|, Sb=ZFN, FA T (Gymnogobius
urotaenia) 5 7%(25.0%)°] EA=| It

Aol ERlH o7 F AT F =7 7 EA vEhd
T2 2012 8867041 (40.9%) = -5 2™, ol 503K
A (23.2%), A= 1527041 (7.0%) 52 AHERE7} &=
Al Ueht oz fdEs skl 42 vttt Zes
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Fig. 2. Changes in the number of individuals, such as Tribolodon
hakonensis, Plecoglossus altivelis, and Gymnogobius urotaenia,
before (2014) and after the renovation of the fishway (2015-2018)
in the upstream region of SOW-0010.

At

gy, oj= JHEA7} o] Fo17 201518 ©]F SOW-0010
O] A& Aol o, 2o, AT T 3T MAls
7t F7Vek 2™ (Fig. 2), A m]FE], D o] (Rhinogobius
brunneus), “a-1 (Carassius auratus), 91, 0371 5 125°]
SOW-00109] A7 AL o|kE Fof &/Jet A=
Z A= 21t (Table 3). Choi et al. (1995)°l] W= H 147 4}
2 @ Aol A 143} 30F0] 2@ 7ISSHCH, dof, &
o], 201 52 -+ A 22" SOW-00102] 5H7of|A]
T EEt Ao r HUSH Qlok whebA] AFRollA] o] 5ol

A 212 o= ARSE B £ FE 2] o]

23| HA S 2-g3ko] SOW-00102] A - 517 7ol A
g2 F A AR 7 B A 0.146
M/TO|AL obF 7t A2 0.685 M/TL2 2
F o] WApgEko] oF 4.74) (Fig. 3) w2 Ao= 4
Ebytch (Paired-ti1(2)=3.36, p= 0.006).

Toh MBS A5 A= v wgt A3t 20149 JHE
3 A Ho AP 0.103M/TO| 21, 2015 FE 2019
WA7F2] 7| H o] P 0478 M/TLE ©F 4.6
HY (Fig. 4) 712t A0 = Ve T (tyr2) =2.71, p=0.012).
ol gk 2pol= st el T4 A4 Tt w2 AxtE
=] QITh (Table 4).

T3 QG o 7] AF EIHs FHAE 7
© 2 AEE| o7 o] F AT (ton)= B WS AT AR

7ro] Bt A4S o= AR A 0.040tonellA o]

= ok
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48
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=37H

Family Odontobutidae (SA+2|1})

Odontobutis interrupta (Y2 EAt2])

Cottus hangiongensis (5t

0.1

Family Gobiidae (4= 0{1})
Gymnogobius urotaenia (BX|7)
Rhinogobius brunneus (Z0{)
Tridentiger brevispinis (212

142 6.6

57

33

13

18

1.3
1.7

0.1

29
37

12

16

1

17

Tridentiger obscurus (AXNYE)

100.0

63 309 120 244 69 162 129 241 225 404 2,164
1

115
10
1,292.1

93

Number of individiuals
Number of Species
Total Biomass (g)

28

12
17642.3

12 12
75073 6,466.4 26,0372

10
15,182.0 2,695.7 2,654.0 2,308.3

12
4,701.9

7,569.5

320.1

Up: Upstream, Down: Downstream, R. A.: relative abundance

Assessments of fish stocks and economic value

25 ~
2.0 A
.
E 15 1
=3
0
S
S 10 A
7
=
&2
[
0.5 o 2
0.0 A

Up Down
SOW-0010

Fig. 3. Comparison of fishery resources up and downstream of
the SOW-0010 during the experimental periods.
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Fig. 4. Comparison of fishery resources before and after fishway
renovation of the SOW-0010.

H4 5 0.145~0.408 ton O 2 Z7}519 o gL 7te]
B AL oE JJHES A 0.188 tonolA] ol & HS
5 0.186~1.894 ton Q&2 Z7}5F 0, AF- 5h L7kl A
A AH2F E5t o] RS Aof| H|F] o] % RS T =
7t Ao 2 B4 5] QIh(Table 5).

3. BHIH 7tx] =73

=

SOW-00109] /g - 517 7ol A A4o] 2}l o

ofN
of
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Table 4. Estimation of fish stocks based on the total biomass ac-
cording to each sampling season

Total Fish
Fish stocks biomass (q) stocks Remarks
9 vm
1st 258.6 0.065
Upstream
2nd 61.5 0.016 Before
2014 renovation
1st 982.7 0.286
Downstream
2nd 309.4 0.090
Upstream 1st 446.0 0.112
P ond 17130 0432
2015
Downstream 1st 4.174.6 1.215
W
2nd 7235.2 2.106
Unst 1st 561.2 0.141
ream
pstrea 2nd 4160  0.105
2016
1st 354.1 0.103
Downstream
2nd 1,002.1 0.292
1st 284.8 0.072
Upstream
2nd 180.3 0.045 After
2017 renovation
1st 2115 0062 renovato
Downstream
2nd 2,048.8 0.596
1st 968.8 0.244
Upstream
2nd 83.7 0.021
2018
1st 4881.3 1.421
Downstream
2nd 430.8 0.125
Ustream 1st 24378 0.520
P 2nd 6675  0.143
2019
1st 4504.1 1.130
Downstream

2nd 5996.8 1.504

TAZA (A olF)oll Sk olF2 14F 1,66070
A2 ZAZIZE B2t 2l A F4=2] 50.0%, HA5~2]
76.7%°l SfFsh= A 0= LrEfRIT

SOW-00102] A} 315 200 m -7t A AR H A4 o
= 7Hiﬂ—/[\‘°ﬂ U]— Aﬂzﬂﬂ:o H]-EI-OE z;G SF AHA};G 7}_;2]
(Production value) &= O] 7HE S 7 20143 23,569-H A
o= /MHES F 2015 106,281, 20161 13,3159, 2017
H 46,272, 2018 99,614, 2019 120,3849 2.2 57}
S} T} (Table 6).

T3 K sH7bA] AR o2 HAS gfiste]
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Fig. 5. Yearly variation in the economic value before and after fish-
way renovation of the SOW-0010.
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Fig. 6. An annual increment of the economic value after fishway
renovation of the SOW-0010.

A Hlgd 2 AAGE A-goto] 8% FAAA 714
£ ok /MES A 2014 oF 538 THAoA] o] JES
20154 2F 23997, 20163 <F 3.048 J% 20174 oF
10499+ 201813 2F 22.49THA 2019 oF 27,187+
o & ujd Sg o] 2| IJrE‘r‘ﬂ‘E‘r(Fi ). £5] 2016
ol 9 2= 2 AAIA 7F2)7F 54 5] AAS A

o, o] = 7| ¥Rzt TE F4 0* M) dFeR

>

A-d=Fo] 7Hag Z o2 wasith 20164 o] F sh 9] #
gol Aoz FREHHA AL W ofo] mE HFA|A
7} Al 7o S BT

2014 ojH] FAA 742 9] F7has HH 20159
351%, 20164 —44%, 20179 96%, 2018 323%, 1211
2019'9 411% S7FSFRAL Bt oF 227% S71eE A2 1
EFST (Fig. 6). ©1% 7HES Ao H]aff o] JjH 4 o]F
AR 7427 okl AL theFst 2R ol o] fdat
4ol 7] 24 o]Fo] F7157] o2 itk



4, Ko W2 AN JHx| HE

e #ste] mE AAA A HE TS A
Fido] g7l A REdlA = 0.5820]H, ©
€ 2 BAA 7HA= oF 30.49REAQ1 Ao = ot
(R*=0.896). ©]+= o] 7K o] what
ZAAIA 7FAE oJn] gttt (Fig. 7).
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30 1

20 4

Economic value (Million won)

=

oj e of I H A T A= kRt AEAl A
H| A ool Bobd & Q& Ao & wraihe} A 2] 2] A
H| 2 SO M AEA AR A2 g7 ety H =+
YA 7373 gHEo Zoft & 1AL, ARl A S AT E
SN A&7 A gHEof 7] g 4= Qe A
© & PhehETh Tk, 2 gl wSbAfH] A ST A A
73 2 AW 11 9] W, W, o7t T TR AHIAE
Aled Ao= 7|t 4= k. vhefet G ollA Ueh=
SEof tiet ZFAE7HE flsid 2 Robd e #E3HE A
U 2|37 Ero] "2 o]t} (Karjalainen et al. 2013). ©] 4]
72 AR A Zofell A ettt/ olu 7ol et

A A F= 7FRA AL QAR 11 9] Fopo| A T ALt
10
Table 5. Changes of the average fish stock from 2014 to 2019 in
4 the SOW-0010 (unit: M/T)
L
0 ; r . ) Location 2014 2015 2016 2017 2018 2019
0 1 2 3 4
Fish stocks (M/T) Upstream 0.040 0.296 0.1770 0.145 0.408 0.404
Downstream 0.188 1105 0.186 0.546 1894 1.106
Fig. 7. Exponential model of the economic value with changes in Total 0228 1401 0356 0692 2302 1510
fish stock.
Table 6. Economic fish species (fishery resources) and changes in production value in SOW-0010 from 2014 to 2019 (unit: KRW)
List of economic fishes 2014 2015 2016 2017 2018 2019
Carassius auratus (=0{) 1 16 10
Cyprinus carpio (Q04) 3
Rhynchocypris oxycephalus (H=X) 2 8 1 40
Tribolodon hakonensis (2t04) 40 66 340 146 270 70
Zacco platypus (I|2t0]) 4 15 26 49
Koreocobitis rotundicaudata (M0 2]) 6 49 79 30 34
Silurus asotus (0| 7|) 1
Silurus microdorsalis (O]} 7) 2 6 4 6 14
Plecoglossus altivelis (20) 82 313 38 284 185 430
Oncorhynchus keta (H0{) 20 6 7 2
Oncorhynchus masou masou (AF04) 1
Mugil cephalus (& 0{) 1 21 2 5
Odontobutis interrupta (A2SAL2]) 1 6
Gymnogobius urotaenia (ZX|=) 26 25 24 56 15 208
Number of species 5 1 8 1 13 8
Number of individuals 153 472 466 632 578 814
Production value (unit: KRW) W23,569 w101,281 w13,315 W46,272 w99,614 w120,384
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HAE ET olF AUAF WEL 2H5AT, olo] B
BAA 7t skt 5 v AR AEoks
srfslel $¢H4%) WIS
NEFE Tl AG9FU2
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