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ABSTRACT: The present study aimed to assess the longitudinal connectivity owing to migrant characteristics of the target
fish. The study area was Wonju-cheon Stream, and the target species were Zacco platypusand Minnows. The HEC-RAS model
was used for the computation of the flow, and the ICE (Information sur la Continuite Ecologique) method was used to analyze
the longitudinal connectivity. The longitudinal connectivity was assessed using the minimum overflow height, velocity, and
depth of the cross sectional structure of a plunge pool and considering the swimming speed of the target fish. Simulation
results indicated that the longitudinal connectivity scores for the Zacco platypusand Minnowswere approximately 76 and 23,
respectively.

KEYWORDS: HEC-RAS, ICE method, Lateral structure, Longitudinal connectivity, Wonju-Cheon Stream, Zacco platypus and

Minnows

= SITES0|MO| 0F 2| 0I5 EXM0f| [ X HZMS TIISINC Chat 7712 (IFHO|0 Al 0152
= MO= 5I%ICL 55 BM2 HEC-RAS 2SS AIB3

1. M 2 -2 u] =4 (longitudinal), 34 (lateral), 12|31 =2
A (vertical) Q1 3 2 O] 2| = A EHA AHH Y 8
34 Rolv), A4 S 2 A7

(]
9
= olgh 34l abolth. S-S AR 81271 A
=]

L3S
= A0 :3to] 4
Fota AR o] o] AelsH e e uidtth  HOR ofojx] glon], Belel 7 Wyl oh]et
("BRAEAY, AR, B3l S WM A )20l 4 sto] urel A ASHE R B o142
Bo}a), 45014, Befelaol Bye] Suol el 0= waksto] ofofd Qlrhe 51 Q4 A L e

*Corresponding author: hsikchoi@sangji.ac.kr, ORCID 0000-0001-9703-3199
(© Korean Society of Ecology and Infrastructure Engineering. All rights reserved.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

320



H.S. Choi / Ecol. Resil. Infrastruct. (2020) 7(4): 320-326 321

2 Q 3t} (Vannote et al. 1980).

S UeE A EH sk f AR E e g
1340127 A2 A] A= 514 29,783 kmo| T3l 2F0.6
km whc} 1 o] A4 AL 9o F3 AA o
T 2A7E = Ao = Yehth 2 solEdT ol
A A=E3,528 7l 5 (F7)F 61704, AW 3,4677l142) S
o= B 9 ol A M & 2AKE A} of 4
&2 F 14.9%E YePaL, A 7]5-2 ot ol
4.9%0l E3kste] sk A&Ado] - Gl Afefo]
t}. 53], A o1F, 3544 o F, W Hega
2 9 ofF9 A5 AHAdo] g Eojok shA|RL, sf
St AR E A2 EE Qe o5 /ol Aok
A AR 7 = 5o oF g iRS Wl 9= A

o} LU A e A4S Sh sl flalA] vt
o} 7} Ao A= thefet AFE = =21kl Qi 1 &
WsH= R o) AR H B 5 et 2 Eof st of
Fo ol 5EE =g AASHAY 7|E 029 7|5
3] of fofl thal] ARARS AAJsto] 7] Ba=0] 2F
A= AAISHTE 2 F= B A(H) HY A S F
ato] Akl S B, Qg A X|=aa, theket A
= AAA B4, A ok 419 BakE Eklst
Atk 3 e - 24 A 7HR] 9} 7] 5 SAISk= oF
YA o] F5otHAl oFd A g} AYE ;
3| Eof et Ve R E AT fo
ol Aejshd EHAY 7R A S A2st
AlsskaL k. s FAt = o =g g S 4
Hoto] shd 14 T

o 2SI Qg TR o
SF ZAL L H71E 4806}l o] =5 A SHE e BlS- 5}
Al Qo

SAYEA B4 ASAS WS W
73744 2 88 4 Ik TR} o5 o 54
< Foh 7L, A A B7E AR Bt A
$EI3 gtk 2B oo ol BAE BT 7Y
tHof|=1ICE (Information sur la Continuite Ecologique,
Baudoin et al. 2015), ICF (Index de Connectivitat
Fluvial, Sola et al. 2011), FMBAP (Fish Migration
Barrier Assessment Protocol, Hansen et al. 2011), &
ARl 17} 'l of| = ROE (Referentiel national des
Obstacles a I’Ecoulement, Gurnell et al. 2014)2}
RBD+DRN (River Barrier Dataset+Detailed River

A e T

l
ofr
oXx

al

N
Iroer
o\l

30
N

»™r
ol
s

—

\

N
ol
[o

=

B

Network, Gurnell et al. 2014), SPAA| F 4 F 7}y
of|&= DCI (Dendritic Connectivity Index, Cote et al.
2009), RCI (River Connectivity Index, Grill et al.
2014)0] #|-g-=|aL Qi

whepa] 2 Aot ohd Wi AR ekt 2ol thgh
of5:] ol 4 Tolal L 5} Uol el £ 274
2 TNag, A 72 cfore Yk o] 414
H AFde e g siglon, i o} |
(Minnow)9} T2k (Zacco platypus)E 45Tt

FagtEEoA o] 2] HekE AHET] ¢
Hcho A 7akst HEC-RAS ZZ 188 ARE-
1, )5 o5/ B71= ICE W& 2-8-5k3ith
W & 3
e A o= FrIstaL o5 B4 5Tk

19
o
2
=

ol
R
[0 oft -

]_

2 o
re

Aem, & AToIM = FeREollA 9] ofF o154
il

;]
HAo| B, sPAH] ARlo] AAIE kS Tt e
2 5i3ieh 2 gi i Htoll= F 41719 et g0l
A Elo] it Y A (Qsss), AT (Qurs),
B (Quss), T (Qos)-= 21250.401, 0.885, 1.596,
18)313.095 m*/s 0. &, thAk F7He] Geke- F1] ¢lo}
oj Ao & & AlQfstale A H A%Adol &
HEz] ob& Ao 2 wetkech

2 Aol A 283t o] T2 et A oA -4
FTog fasks vzin|e Farr|E e &2 stk
= @] of| K= thekRt ofFof| sl 2 7he o L -
S50 7| 2ARE TS5, o] & o] 8-5to] A E A
&/3& B7leket ARgRIe ey ol A= ek
gholgof gk &4 7| ZA =7 5 o QIA] grot =
QO] F-5H Ao A EAo] vkt ol F S e =
Shlth= A o] Stk =5 i) o}F9] 54 Ak=
7h SHETH, TRt ofF 53] AAIA ol sl
A5 XS of| g of] Sl



322 H.S. Choi / Ecology and Resilient Infrastructure (2020) 7(4): 320-326

Sumgang River

3. M| 12y 2N

31 58 2

2 A-tol| A= wl-a ol A 7idE HEC-RAS 3
RIS o] gsto] Yt Fof|A 2] =] BAS
35} T} (Brunner 2002, U.S. Army Corps Engineers,
USACE). HEC-RAS =2 1312 12} AA=
A HIAAR 25 2o7t 7hesh, JAE Rt
L 7bsdit) RE e oM Fast e =Y
3l 71stdolE &, URbAQl 7]stet 4=2] A4t
2 gk Eak 370e] el a4 e} gl
B2 7]2 o] AR T LER 4= gl 4l
oz}l XS xgFetch HEC-RAS T2 71312 T
2 A7 B5 (GUDE 5o AHgA7 T2 4
A 01§ 4 Q=S FAE o] ek

2 ol

2oz

[ ot & = ou

>

32 g4y Eit =¥

SAYEA F2 482 Bk w2 47
A Hp 0 2 T HSSIe, TR R 072 o $4S
B9 BL AUA B A B G 3
7k 719 31 A A48 ] 83 B EAfI
o5 el e a2t Anol S0l St
ol AkElo] AbgE|T ik Zhzre] W ES s
o A4S ol 78 o 2 gt glom, ofF
£ 7124429 T PR PRI ol 5AS 7
7Fakis o] o] Hol thysh] 21857 gl 4
Aol

QA At uhe} o] YRk P2 2T of 7.0 o 54
< Yrlsh= W o)== )32 © & ICE, ICF, FMBAP

lo

1ol Jlom, B7 Y § ol A e ICE |
WG AollH 4 Q1 7wy o 2 2 8ol
HAI5HSICE ICE /i chefel o 7o) 54 A= (3
I 7bs G-, 69 £19) 9h 5P FEktaEol 4] of
7 ols4E B 4 Ak (Fig. 2). ICE W2 ol
ato] 34 4442 71 4 Qe R g A
3 U-8-2 Baudoin et al. (2015)9]] e Qlck

I
O

M HaN Tt Zot

Table 1 ICE ¥ 204 218 7153t o4} o),
R 7N B, 4, A3 0]of ol Liehl of
7712 B4 ARES e Q). 5 A o
A} 0152] 79 e Bl 20] A Ale1s of o] S,
AR olzo] el 2AKE AL Bl 4= olrt. v}
A B Qo] 28517 18k A ol 0] gL 3
Aol ZAET. et S-eluetol] A 4lehs Ha]
o} wjzjule] 72, s oA AP ofFo] B4
alkel] whol 54 e B tek =] g8l

i 1% % 1Lkl Tehul o] 79, Table 19]4] 2
A 7ao] ke Az} BA15R ofFolth. Tl
G9 &2 HA= A 2.5m/s - H 4.0 m/s=2 A}
E)ie}. el A4leis Tzn)e] A9 Park et al.
(2006)0]] 2J5HH 2|4 0.49 m/s - Z]TH 0.73 m/s = ZA}
Elo] ICE WP 2] 2418 A2} 2ol 7 Al A
o= Vet 9 £E0] 4% 01%0] Aol vl
ek A Qs elo] 79 Tl AAlshs
of50] 49w} Ao] 217 o] o 25 HJo] 7}
upask o2 weker, ofo] dis)A 23 ) ol%
| U 7| 2 AR S 2AF R &0 27149 A7)

I

2

=~



H.S. Choi / Ecol. Resil. Infrastruct. (2020) 7(4): 320-326

Passability criterla for non-jumping species
Hif > Himin

Hahmin  DH < Uppa? /29  where g =981 nvs’

(skimming flow)
DH=05H

05H<DH<H

e Conditions precluding passage

(plunging jet)
DHzH

Optimum conditions

Acceptable conditions
(virtual skimming flow)

323

Fig. 2. Longitudinal connectivity concept of ICE method (Baudoin et al. 2015).
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Table 1. Characteristics of fish species (ICE method)

Swimming speed (m/s) | Jump height (m)

Cluster Species Jump - -
Min. | Avg. | Max. | Min. | Avg. | Max.
1 Atlantic salmon (Salmo salarn/Brown or sea trout [50-100] (Sailmo trutta) 0} 45 55 6.5 1 15 | 25
2 Mullets (Chelon labrosus, Liza ramada) 0} 4 475 | 55 08 | 11 1.8
3a Allis shad (Alosa alosa) 35 | 425 5
3b Twaite shad (Alosa fallax fallax) X - - -
- 3 375 | 45
3c Sea lamprey (Petromyzon marinus)
4a Brown or sea trout [25-55] (Salmo trutta) o 3 4 5 05 | 09 1.4
4b Brown trout [15-30] (Salmo trutta) 25 3 35 0.3 0.5 0.8
5 Asp (Aspius aspius)/Pike (Esox lucius) X 35 | 425 5 - - -
6 Grayling ( 7hymallus thymallus) (0] 3 375 | 45 04 | 075 | 1.2
7a Barbel (Barbus barbus)/Chub (Squalius cephalus)/ 25 | 3925 4
Nase (Chondrostoma nasus) X - - -
b River lamprey (Lampetra fluviatilis) 2 275 | 35
8a Common carp (Cyprinus carpio)

8b

Common bream (Abramis brama)/Pikeperch (Sander lucioperca)

8c

White bream (Blicca bjoerkna)/lde (Leuciscus iaus) X 2 275 | 35 - -
Burbot (Lota lota)/Perch (Perca fluviatilis)[Tench (Tinca tinca)

&d

Daces (Leuciscus spp. except ldus)

9a

Bleak (Alburnus alburnus)/Schneider (Alburnoides bijpunctatus)
Mediterranean barbel (Barbus meridionalis)/Blageon (Telestes souffia)
Crucian carp (Carassius carassius)/Prussian carp (Carassius gibelio)
Roach (Rutilus rutilus)/Rudd (Scardinius erythrophthalmus)
South-west European nase (Parachondrostoma toxostoma) X 15 | 2.25 3 - -

9b

Streber (Zingel aspen/Bullheads (Cottus spp.)

Gudgeons (Gobio spp.)/Ruffe (Gymnocephalus cernuus)

Brook lamprey (Lampetra planer)/Stone loach (Barbatula barbatula)/
Spined loach (Cobitis taenia)

10

Sunbleak (Leucaspius delineatus)/Bitterling (Rhodeus amarus)
Threespine stickleback (Gasterosteus gymnurus)! X 1 1.5 2 - -
Smoothtail ninespine stickleback (Pungitius laevis)/Minnows (Phoxinus spp.)

11a

European eel [yellow eel] (Anguilla anguilla) <15

11b

European eel [glass eel] (Anguilla anguilla) <05
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Fig. 3. Construction of HEC-RAS model.
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Table 2. Results of the longitudinal connectivity

(a) For averaged-wet flow

325

Target species Fish length (cm) gbstacle + Fish passe; RlEs gg(r)l;ectivity
3 38 7.32
Minnows 5 36 12.20
10 6 35 14.63
10 10 31 24.39
Zacco platypus 18 14 27 34.15
25 18 23 43.90
(b) For 2-year flood
Target species Fish length (cm) (())bstacle * Fish passe)s( ROEs g(c:)grneectivity
11 30 26.83
Minnows 25 16 60.98
10 31 10 75.61
10 37 4 90.24
Zacco platypus 18 41 - 100.00
25 41 - 100.00
Table 2= T4 72h ) QA Aekpa oo & EE S}gick 527 B4 S HEC-RAS TRIWS AL
2] 24 Atet ot oo e ukdstel $4 A4 stpom, T4 AEAA B7he ZF2o A /ILH ICE
A= Bt Aotk F4 Aol tigt Fa= o WS A8ty T4 A48 FdFEEoA Y
T AR | FetzE S o olFel s s A sk AL £, shRE -8R0l HolE aLgste
A=A of o] c sl Abgst e 7)o B s Atk A8 S 9] Feda2d wl
A= 11384, 2d W= o] g f=34.158 2= =3RS BARN R 285ty T4 dEA £
uEbt o, ujetn] o] A9 S wh= 54.474, 2 AS Rieh A, wjehu| o] - o763 o= EA4 Y
A ulme] Rl = 96,759 0 2 epdth mefu]  gloo], Fir)o] ¢ oF23HOR U] 350
O] BF-Rar7) o Ae-Hot g SR ez . QoA 9] ofF 54 7| 2AR T obd = ofFof| Bt

27wl AR nRF BT FH AAY B4t

5 2 B
QAT 5P W A8 IRk PR eA] of5 9 of
5 542 Tefele] 4 ASAS 7SI Aol
1759l 9153 A 7o 2, o)

Hire =

= Aol s £ 9 STk, Al A4
7h9 29l el Al ] e 2 AT 3 chort
S

= XN
A2 Peio] Z83 7| 2AR 5 S YS AR

fa)

Tt
ZAIR| =
2 A= AA N 2020 AHH| A Hof o8l =
A= U
References

Baudoin, J.M., Burgun, V., Chanseau, M., Larinier, M.,
Ovidio, M., Sremski, W., and Voegtle, B. 2015. Assessing



326 H.S. Choi / Ecology and Resilient Infrastructure (2020) 7(4): 320-326

the passage of obstacles by fish. Concepts, design and
application. Onema.

Brunner, G.W. 2002. Hec-ras (river analysis system). In
North American Water and Environment Congress &
Destructive Water (pp. 3782-3787). ASCE.

Cote, D., Kehler, D.G., Bourne, C., and Wiersma, Y.F.
2009. A new measure of longitudinal connectivity for
stream networks. Landscape Ecology 24(1): 101-113.

Grill, G., Lehner, B., Lumsdon, A.E., MacDonald, G.K.,
Zarfl, C., and Liermann, C.R. 2014. An index-based
framework for assessing patterns and trends in river
fragmentation and flow regulation by global dams at
multiple scales. Environmental Research Letters 10(1):
015001.

Gurnell, A.M., Gonzalez Del Tanago, M., O'Hare, M.T.,
Van Oorschot, M., Belletti, B., Buijse, T., Garcia, D.J.,
Grabowski, R., Mountford, O., Rinaldi, M., Solari, L.,
Szewczyk, M., and Vargas-Luna, A. 2014. Influence of
natural hydromorphological dynamics on biota and
ecosystem function. Part 1 (chapters 1 to 3 of 6).
Deliverable 2.2 Part 1 of REFORM (REstoring rivers
FOR effective catchment Management), a Collaborative
project (large-scale integrating project) funded by the

European Commission within the 7th Framework
Programme under Grant Agreement 282656.

Hansen, B., Nieber, J., Johnson, S., and Marr, J. 2011.
Performance assessment of oversized culverts to
accommodate fish passage. Final Report 2011-19, De-
partment of Transportation Research Services Section,
Minnesota, USA.

Park, S.Y., Yoon, B.M., Lee, S.H., and Kim, S.J. 2006.
A study on the characteristics of local migrating fish
(Zacco platypus) in the experimental flume, Proceedings
of Korean Society Civil Engineering Conference, Korean
Society Civil Engineering, pp. 536-539. (in Korean)

Sola, C., Ordeix, M., Pou-Rovira, Q., Sellares, N., Queralt,
A., Bardina, M., and Munne, A. 2011. Longitudinal
connectivity in hydromorphological quality assessments
of rivers. The ICF index: A river connectivity index and
its application to Catalan rivers. Limnetica 30(2):
0273-292.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedell,
J.R., and Cushing, C.E. (1980). The river continuum
concept. Canadian Journal of Fisheries and Aquatic
Sciences 37(1): 130-137.



