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Abstract: To understand the relationship between water velocity in a fishway and fish
morphology, the fineness ratio of fish, expressed as the standard length to the body
depth, was measured. The fineness ratios of fish groups belonging to Cyprinidae, Achei-
lognathinae, Centropomidae, and Centrachidae were relatively low. The FRs of other
groups, excluding eel-shaped types of fish, were over 4.5, indicating streamlined struc-
tures. The fineness ratios of Korean fish were classified into three different types: type |
was Bitterling-Carp group that favored a slow-flowing pool habitat (FRs ranged from 2.1
to 3.3), type |l was the Chub group representing streamlined types (FRs FRs ranged from
3.7 to 5.2), and type lll was the Smelt-Barbel fish group that preferred riffle-run habitats
with high velocity (FRs is over 5.2). Fish abundance analysis of fish using the fishway
during the experimental periods showed a relatively high abundance of both type Il and
Il compared to type I.The FRs of the fish passing through fishway (velocity 0.5-1.0m s™")
ranged from 4.5 to 5.0, indicating that the fish using the fishway were mainly the stream-
lined type. As one of the standard fishways in Korea, the flow rate of the ice harbor type
ranged from 0.2 to 2.6 m s™. The FR values of the fish groups using the fishway ranged
from 4.3 to 5.0. In contrast, the flow rate measured in an artificial channel type of fishway
(same as a natural type of fishway) ranged from 0.1 to 1.9m s™' and the FR values for the
fish groups using a natural type of fishway ranged from 3.3 to 5.3. The low FR values in
natural fish are considered to be due to differences in the flow rates between the two
types of fishways.

Keywords: fishway, fineness ratio, streamline, swimming ability

726 ©2019. Korean Society of Environmental Biology.



MNoB

ol F= AP (Body shape)°ll Tt IA 871 Efoz

U3l 919 W (Bond 1996), =5 B4 o] 72| 74-¢ A1
(Body depth) 2} A% (Body width) ]l e} 67 A @ 0.2 %L
Hotoh 449 (Streamhne)l} A\ (Fu51form), =14
% (Compressiform), &3 (Depressiform), %813 (Anguil-
liform), 2|23 (Taeniform), 12|11 Eo]Fe} &2 1Y
(Globiform) 522 W] X th(Kim and Park 2002). ©]&
gt ol 7ol AF 5= 22 Beldol vk (Lauder
2005; Lauder and Tytell 2006). 55| F43@°l 77heaS
ol FA Gl theh A A A5 (Drag coefficient) 7} -»]_1_2}54
o] 8o FgUt Q‘:}(Scarnecchla 1988). o] =49
of tht HH = A1 (Body depth) 2t A% (Body length) 2]
H| (Fineness ratio; FR)E ‘5ol 33 ¥} (Langerhans and
Reznick 2010).
o159 §YLTE oS olgahe olF 5] vl 4
2 w7} Gk, el A A A 9 5 S
5 /3%l ot ZEHITh(Howland 1974; Webb 1986; Vogel
1994; Domenici and Blake 1997; Walker 1997; Plaut 2001;
Roff 2002; Domenici 2003; Blake 2004; Langerhans et al. 2004;
Walker et al. 2005). §5] 4% o179 F9&5E= A
(Body length; BL) of HHI5IH & (Crulsmg speed),
2|4 & (Sustaining speed), =X1< I (Darting speed) = -
w5} oo -9 (Swimming ability)< F9 &Ll 75
= He gto = Hojdnh wheba] A7) wet o} /77 HE
T = ARES T2 Wﬂ'wq(Nakamura 1991).
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Sfst= dl 523 82lo] Hrh(Gaston et al. 2012) £73] ot
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of £3h= 5001 F2 o} /E HFo® AR A} o]
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Assessment of fish fineness ratios
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1. ZAMK| A Gl ZAA] )

2 A= ok E o= olF9 AFHE Hl
St7] flalf Ys7dell f1A5Hs | E (GMW)+= 2012 10
U 20139 69714 43] A} F7ol YA ot= AEE
(SJW)= 2013 sEFE 20159 84714] 218 AL
ool Y25H= FATR (DSW)+= 20184 43] ZAL A
A o] $1x]SH= HATE (BSW)+&= 20154 425 € 20184
49712] 63] ZA} 4F @ 430 f1AI5k= A 24 %0010
B (SOW)E 20159 495¥E 2018 79714] 108 ZAL
oForgdtHe] $1x]5t= S E (DGW)E 2015 109
HE 20189 79717 63] AL B3| 9125k i
(DDW)+= 20159 10855 20169 11974 63] AL
Gl 925H= FH0010E (NMW)+= 2015 10€5-E
2018\ sE7HA] 43] ZAFE AA5HG 0™, 7} o] 914
+ = 2t} (Fig. 1).
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Fig. 1. Map showing the survey sites of the weirs in each river and stream for comparison of fineness ratios.

o) 0§ olF-E 23] 919 ol E el E (7}
ExAZxE0l 1x1x1m, ¥ 4X4mm)§
*ﬁﬁ}b oIRE E’Jﬁ}““:} °1v 23S 9t ERE of
pil
o, ofF A= ;Xc} l A 782 AAISHRAL, dol, AL
A FA T A EE SHT & SA RS ol F
9] 522 Kim and Park (2002) 5-2] 7]
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1. ol 2534 X¥H|(Fineness ratio) H|2

Z}2}0] ofkof| A 2 AA| o) 7ol ERuE AFHIE

H| w3t A3}, QJo] 3} (Cyprinidae), 'BAHFOt T (Acheilogna-
thinae), 2 A| 7} (Centropomidae), 7732 7} (Centrachidae)
o] o F AFu7L FiA o r G Ao AEHUN, 1
9] Jo]2t(Cyprinidae) 9] 15 & Z 72|t} (Gobioni-
nae), &o]ot} (Leuciscinae), T 2|0} (Danioninae), 73
2] o}k (Cultrinae) 2} 4017} (Salmonidae), -1 7 (Mugi-
lidae) 50l &5h= o170 EFwE AFH= Bt 4.5
For AEH] tIFE =] Holdt A= ek
o} (Fig. 2).
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Fig. 2. Comparison of fineness ratios by fish taxa (the numbers
above the bar indicate the number of fish measured).

AP 2] Fef7t ZolE (Anguilliform) Q1 F7H7} (Balito-
ridae), O] 2]} (Cobitidae), W71} (Siluridae), 57+ 2
(Amblycipitidae), B51 7+ (Gobiidae) ©15F2] HAFH = 6.0
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dae) O19] A9 1 Z50] NS o5 o310l
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o
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o] (Tribolodon hakonensis), =1 (P. altivelis) 5-°] o|=&
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AHHA o = sPo A =2 8] froh= A o' IRl

Assessment of fish fineness ratios

Table 1. Comparison of relative abundance of collected fish in the
fishways

Name Major fish species caught Relative
i abundance
of weir by the trap o

(%)
Erythroculter erythropterus 58.9
Opsariichthys uncirostris amurensis 173
GMW Hemibarbus labeo 10.6
Others (< 10%) 13.2
Squalidus japonicus coreanus 278
Acheilognathus rhombeus 15.9
SIW Hemibarbus labeo 13.0
Erythroculter erythropterus 10.1
Others (< 10%) 33.2
Tribolodon hakonensis 65.0
DSW Zacco platypus 26.9
Others (< 10%) 8.0
Zacco platypus 411
Carassius auratus 23.3
BSW Tribolodon hakonensis 10.0
Pungtungia herzi 10.0
Others (< 10%) 15.6
Plecoglossus altivelis 60.8
SOW Tribolodon hakonensis 344
Others (< 10%) 4.9
Plecoglossus altivelis 39.0
Zacco koreanus 18.9
Tribolodon hakonensis 15.4
DGW Zacco platypus 14.8
Pungtungia herzi 10.2
Others (< 10%) 1.7
Plecoglossus altivelis 73.2
DDW Tribolodon hakonensis 12.5
Others (< 10%) 14.3
Plecoglossus altivelis 48.1
NMW Zacco platypus 31.9
Rhynchocypris steindachneri 20.0

*GMW: Gumi Weir, SUW: Sejong Weir, DSW: Doosan Weir, BSW: Byeong-
san Weir, SOW: Samchokosibcheon0010 Weir, DGW: Dolgogi Weir, DDW:
Daedae Weir, NMW: Namcheon0010 Weir

7|0 = HWSHH, W&o 9I|oh= of=o] B¢ 12 &
g0l 9 Hl&o] & Uett o, Foll2 f=+= 5
0] - 201 (P altivelis), 01 (T. hakonensis) 5 &7
o]F9] &9 Hl&o] EA UETH(Table 1).

Y570l $1xIsh= 7] H.9] ofo] A5 Y o =5 55
Fe AMAlE F 18F 32647141921, o5 o7 T A

X] (Erythroculter erythropterus), IL2] (Opsariichthys unciro-

s
=
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stris amurensis), X (H. labeo) 3%5-2] FHESHF 7T A &
@7NAI] 86.8%5 AFA]ok= 2 & LHERRLT

a7l YAk AFE ] AFSHEA] (A1) ol s
Sofl 2737 A= F 34F 403270419101, o] E olF
5 B 7N (Squalidus japonicus coreanus), 'F A 2] (Acheilognathus
rhombeus), ‘| (H. labeo), Z<=A] (E. erythropterus) 45 2]
AAETH AA =8 N4 66.8%F A A5k Ao =2
Lrebg T

gl RISk FAE O] ofo| ASHHY o= E
ol 249 A= F 6F 4117HAI92H, o] & o7 F
] (T. hakonensis) 2}t T 2ta] (Z. platypus) 25-2] &5
Tt AA E9 WA 9] 92.2%F AA|SHATH

7S dHA A7l Aol fAI5k= B4R O] ofo] A
SIS o= E Foll 2R A= F 10 907AI 3o,
o|& o T W] (Z. platypus), “5°1 (C. auratus), Z°1 (T.
hakonensis), =117 | (Pungtungia herzi) 5 45-2] &
7} A 28 70A1 9] 84.4%F AFAI 53T

A e A3l f1RIsk= AHA 24300105 9] ofo] A5}
Y =8 Tl 24T Ml T 14F 9437HAIF 2T,
o] o7 ZF 201 (P altivelis) 2+ &1 (T. hakonensis) 252
AT AA & 7HA9] 95.1%F 2FA] 5.

FFE Aol f1A]ot= FaLAH 9] ofo| ASHH Y o]k
£ B0l &4 WA= T 9F 3447hHI 2T, o] F ol F
2 201 (P altivelis), FZAY (Z. koreanus), Bl (T. hakonen-
sis), T 2H] (Z. platypus), =117] (P, herzi) 5 5&<] AJthE
FE7h AR A 7iA19] 98.3% 5 AHAISH T

3| 125kt 9] ofe] A Y o= F 53l 4
AR A= F 5E 11270AIF 0 H, o] & ol F 2°l(P
altivelis), B (T. hakonensis), HZ (Tribolodon brandti) 5 3
T S HETE AA 8 7HA 9 85.7%E AT

HHol $1xlek= F3doo10K 2] ofo]AsHH Y o] E
ol A4S AMAE F 3E 21070A19 .0, o] E oF F
1 2}a] (Z. platypus), <1 (P. altivelis), HIE7H (Rhynchocypris
steindachneri) & 3% ANEFE7 A4 S 7HA Y
100.0%E 2HA| kAT

3. 0|2 HI¥H|(Fineness ratios) H<Jo]| 2 o|F
H

ol0] Eol A o] ol AE|ol 7 FA4
F2 oz AgATHe Tt 444 4oE

Ay} 37 3744 olFEd R FEH A A

o 1
[o]
—=
)
Kl

Table 2. Fish and habitat groups represented in the freshwater ecosystem based on the range of fineness ratios

Ranges of

fineness ratio Fish group

Major species Habitat type

2.1-3.3 Bitterling-Carp group

Carassius auratus

Carassius cuvieri

Species of Acheilognathinae Pool
Lepomis macrochirus

Micropterus salmoides

3.5-5.0 Chub group

Species of Squalidus

Species of Sarcocheilichthys

Cyprinus carpio

Hemibarbus mylodon

Rhynchocypris oxycephalus

Zacco platypus

Zacco koreanus

Oncorhynchus masou masou

Hemiculter leucisculus )
Pungtungia herzi Riffle
Opsariichthys uncirostris amurensis

Brachymystax lenok tsinlingensis

Erythroculter erythropterus

5.5-6.8 Smelt-Barbel group

Plecoglossus altivelis
Hemibarbus labeo
Hemibarbus longirostris
Mugil cephalus
Squaliobarbus curriculus

730 ©2019. Korean Society of Environmental Biology.
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A 217} Eob Fd o] W2 gAF-5o1 3 (Bitterling-Carp
group) 9] A FH|= 2.1~3.3 H9IE Ao, i3 H]

0 2 Bo](Carassius auratus), B-3°1 (Carassius cuvieri), &
%S

=°] ZH Ak

Zrafz}t (Hemibarbus longirostris) ,20f (Plecoglossus altivelis) ‘&
7hA| o] Al7go] A aLef vaf vl &
Gaston et al. (2012)°]] wHe} o] F A @FH]of] & A]2]7]
FEE 2ot Ao -2 S5o] ANet & (Pool
habitat) Fe &) AAIX|E A2 oh= oFEolH, BHH 2z
AU, 2o F2 9] A% f50] v wE o2 A
SHeE oFER FET 5 Ut
F230 Hgy

(Table 2).

o)
2] 2] (Riffle habitat) & A3

4. 0| U 47} o= 0|83t of
AA) o] 20| g-EFR} F2HA N &

2o}t (Acheilognathinae) 15, B2 (Micropterus salmoi-
des), B4 (Lepomis macrochirus) “5°] L= At
ARH GG vl 8L 74 ZAAUF (Chub
group)~<= AFH] 7} 3.5~5.09] H 9.0, o]2H] (Zacco
platypus), 2 AY (Zacco koreanus), IL2] (Opsariichthys unci-
rostris amurensis), “<=*| (Erythroculter erythropterus), G501
(Brachymystax lenok tsinlingensis) ‘& T2 £% 2 5= 7
Fotel A4lshs F50) thie EEEE Ao de H@
o Aol Alare] soul oldor SHT FHE 7=
20} 52| ¥ (Smelt-Barbel group)~> = (Hemibarbus labeo), ZA7E 59
group,
Table 3. Average velocity of flow (inlet, middle, outlet) measured in the fishway and fineness ratios for fish communities using the fishways
Narne Average velocity FR of Number of Name Average velocity FR of Number of
of weir in the fishway community fish individual of weir in the fishway community fish individual
(ms™ (£SD) measured (n) (ms™) (£SD) measured (n)
12 4.9(£0.3) 7 0.6 6.0(+13) 3
12 4.4(£0.7) 267 0.7 51(£0.8) 5
0.8 4.3(x0.4) 592 BSW 1.4 3.7(x£11) 10
GMW 12 4.8(+0.7) 107 04 4.9(£0.8) 9
12 4.7(£0.4) 202 0.5 4.4(£0.9) 58
1.0 4.8(£0.5) 581 0.6 4.4(£0.3) 5
+
09 5007 1.2 5 4704 )
= 1.8 5.3(+0.5) 14
0.6 4.7(£1.3) 45 1.3 5.8(+0.7) 763
0.9 4.7(+£0.9) 140 13 52(£13) 5
0.5 53(+0.3) 12 SOW 2.1 6.9(+0.7) 27
0.7 4.8(£0.4) 255 15 5.0(+0.6) 14
0.7 3.7(x£14) 69 12 59(£12) 42
0.5 5.2(+0.3) 295 1.1 55(+0.8) 41
0.6 3.3(x13) 732 0.7 59(%+18) 14
0.3 4.8(£0.9) 72 1.0 53(+0.7) 16
05 33(£13) % 06 5.5(0.6) 152
0.6 45(+£1.2) 202 31 49(02) 28
SIW 0.4 4.9(£0.9) 595 | PO
12 6.9(£0.9) 43
0.6 5.0(+0.4) 61 DGW
14 6.5(+18) 91
1.4 4.0(£11) 149
1.5 52(+0.2) 23
1.9 4.7(x1.1) 118 1 6.3(£1.2) 7
1.1 4.6(£0.9) 34 ’ T
1.7 5.0(+£0.9) 129 2.3 6.0(£0.6) 38
18 45(+0.6) 13 33 5.0(+0.2) 4
18 4.7(+£0.9) 20 DDW 3.1 43(+£0.4) 12
1.8 4.9(%0.50) 61 13 5.2(+0.6) 7
1.8 4.9(£0.4) 40 1.3 46(+0.4) 47
15 5.0(x1.0) 18 1.1 5.2(+0.4) 5
0.8 4.7(£0.4) 268 0.5 5.4(£0.8) 8
0.5 4.8(+0.2) 28 0.5 4.6(£0.5) 18
DSW 0.9 49(+0.4) 90 NMW 0.5 4.1(£0.1) 6
2.0 5.1(+£0.2) 24 0.8 5.7(+0.9) 45
*GMW: Gumi Weir, SUW: Sejong Weir, DSW: Doosan Weir, BSW: Byeongsan Weir, SOW: Samchokosibcheon0010 Weir, DGW: Dolgogi Weir, DDW: Daedae
Weir, NMW: Namcheon0010 Weir
http://www.koseb.org
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A =] %J—(Velocxty) © 25~75M9%0) A 0.6~1.4ms ' HY
Hom, Wit 1.1(£06) ms 2 SAFICE EBF, o] E

gl
o

olgste olF o] AFHE 25~75"%0NA 4.7~52
#9190 o] WS OF 4.9 (+£0.7)0]2TH(Table 3). ©]
24 o] Aol w2 §LHHIRA o] WIS Holt Y

H|-S 717l o] R o]z o]Fo] ERIE| 9]t 53] AAF
OJE Q] AER o]x 0] AL thE o)r ol ga] 7o AT
HI7} W 44 (+12) 24 AoEos wo gk "Helo
o, o] o] o] A7} 1: 1402 A E o] AdjH o g A
ZH] 3.0 o|ote] FARFok} o] 732l HAE, 7HAE A,
HAE 5 G o]F{7}F o] Sk Aol Fely
Ark
o2t ATbe W2 84 (1.oms” oA HT 2
F%(Loms™ oJsholl A B W2 o]Fo] o] & o8& 4
ATHL HI13F Choi et al. (2013), Park and An (2014) 52

A79h fAE AL Kol Ao w Lehgth

5. 0|k W R&3t o|= 5 0|&3t= olRZ2TA MYH|

40 "o mE Oiv%LZ‘J A gulE B4 A7t
ﬁ*%w# 0.80ms ‘OM A4

f
24
Ir
du
=
o
o
ol
4
—_>‘il‘4
oflt

015- ‘41 oﬁo] 0.5m
5 i’%}s = 0111-4 °§EHL 4% (stream-
line) o149 €43 BAE 7HACF Sk Ao 2 YETh
kA o W 5] 0.5~1.0m s oA AF A|avt
E2 olF2 AQlotal tFES] o] 77t o= E o8
UE Aoz wohE: o] et Aib= o i §-5H 917t
0.5~1.0ms 'olA] H1o] 9L Bt A+ ATt
Ax)5h= A 2 WHETH Noonan et al. 2012).

watbA, S0 £ A4 SHE g £X2EQ] %

o

20 ] ’ 2] 9 2] A Tl sPdoll tiet BEolE-g A4st, 9
1.81 g olF o] AFHIE TG ofF 442 AHSHE et &
161 N T Q1 of i Al gt AIE BT Ao WerEt,
1.4 . 6
~ 3 6. 01 =2 HE{ojl 2 0] 80| F 2| Y| H|
121 2
E of—— sy o= Fefoll W olF 2HO| A H|S H 1T Pt of
g Optimal Optimal rahoe & T ZF FoJjt AfolE H ATk (Fre00s=311.45, p<0.0001).
£ 084 Optima -————}
range L4 A AA Ay 24719 o] = Al v Q&) 67 1502
06 Lol H om 4H2] 9 A1H0010H, B A H, HH0010K-
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Fig. 3. Analysis of the optimum fineness ratio according to the ALt ol e A ] ol W el Aol= a7z
range of flow velocity. =] QI (Table 4).
Table 4. Grouping of fishways based on fineness ratio (Duncan's Multiple Range Test)
Name SIW BSW GMW NMW DDW DGW SOW
of weir
FR(£SD) 44(1.2) 4.5(0.5) 4.6(0.6) 4.8(0.6) 5.3(0.8) 5.2(0.8) 5.6(1.2) 5.3(0.8)
n 1,666 89 2,032 125 177 308 1,098
Fishway Artificial lceharbor
type channel

*GMW: Gumi Weir, SUW: Sejong Weir, DSW: Doosan Weir, BSW: Byeongsan Weir, SOW: Samchokosibcheon0010 Weir, DGW: Dolgogi Weir, DDW: Daedae

Weir, NMW: Namcheon0010 Weir
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