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Abstract

Swimming performance of fish is an important factor in the survival of fish. Also, swimming per-

formance of fish is used in the form of habitat, or as a condition to consider when creating a fish ladder. However
in Korea, researches in swimming performance of Korean freshwater fish were scarce and inadequate in some
part, thus fish ladders were installed without considering their swimming performance. Therefore, in this study,
we measured swimming performance of 4 Korean freshwater fish species to consider importance of swimming
performance test. The fish used in this study were Carassius auratus, Zacco koreanus, Gnathopogon strigatus,
Acheilognathus lanceolata intermedia species which was collected during October to November, 2018 at Geum
River, and measurement for swimming speed of each fish was done by using Loligo® System, swim tunnel
respirometer in January to February of 2019. The average value of the burst critical swimming speed (Uci) for each
species was 0.8 £0.04 m s for C. auratus, 0.77+0.04 m s for Z. koreanus, 0.95+0.04 m s! for G. strigatus,
0.73+£0.03ms™" for A. lanceolata intermedia and the average value of prolonged critical swimming speed was 0.54
m s ! for C. auratus,0.67m s™" for Z. koreanus,0.7m s for G. strigatus,0.54 m s for A. lanceolata intermedia.
Since the fish used in this experiment were collected from a small part of the water system in Korea and there were
only 4 species, they were not enough to represent the species that inhabit the entire Korean water system. It will be
necessary to continue evaluating the swimming performance of other freshwater species in Korea.

Key words: freshwater fish, swimming performance, swim tunnel respirometer, burst critical swimming

speed, prolonged critical swimming speed
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245 (Prolonged swimming speed), 2<% (Burst swimm-
ing speed)®] Al 7}A] WFg FEETH(Beamish, 1966). 2>
YEEL fAL 2FO2H 289 127 ol oA AT
52 [240E 2T} (Beamish, 1966) -2 200& %7} (Brett,
1967)] AT 5 e S HOHTE AASE Ee FA
& £BolAE, sYLENT 22 o Fe AF 71TQ0%
oA} 2008 o3} B¢t SA|El= &% = (Beamish, 1978), ©]
b $AROR BEsl ek FOuA FAZ B4
T4 Ut SUSES ot Ao SYsEE A
oA B2 o] ofF7] ol A AAX| A A
&=t LHEE7] oYl A7} et 0|2 Ql3] nE2x
weho] golgt FEFESHIFE B8t S5 AT
th(Beamish, 1978). EX&%E+ o5 B2 7|7H20% mI7h
B AT 5 G olR el 7P W2 §94 o]0 (Beamish,
1978), AL 25O THET ek ol 2L BUSE
= ZA 94 &F, 283 IRAHA AFRE 7 Wst
AL U F2 AMEYT SHE T (Reidy et al., 2000).
ool S95TL olf F24 543} Y5 54
2 o 22 2ol Ysf H--Erh(Videler, 1993). 1)
P2 T 5olA AA F/AH(Webb, 1984), A =2u]
& (Webb, 1984; Videler, 1993), 7] (Webb and Weihs,
1983), 8-94}H2] (Webb and Weihs, 1983)0] 3 &A=
th.2) AARGEEL AH=7]o] wet 271k Beamish,
1978; Videler, 1993). 3) H&F=2 9682 2% &4
o]tk (Wardle, 1980; Taylor et al., 1996). 4) 3532 o|&F
o] ALY DA ol wheh ZrEbEITh(Webb and Weihs, 1986).
=9 AF= oF 7958 9 £=9 Besto] ookt
5 2EL Ao R £35 9 2 (Videler and Wardle,
1991; Drucker, 1996; van Damme and van Dooren, 1999) &
A H] 4 % (per unit body length speed, TL s™') (van Damme
and van Dooren, 1999)7} QAGH&E%E (U, m s™)ETH A
B Al AEgtA|of 3t =7ho] FZ}E o] $th(Drucker,
1996). Tierney (2011)2 A7} (Oncorhynchus mykiss)
£ e ARNEES SX&E 9 A 4HET 22
71242 §9%58S FUI5ITh Jain ef al. (1998)L o|&F
o A 9 =3 S 13 FHA 0] (Oncorhynchus
nerka)oll et FF 54 X 3& Azt disf A
t}(Kang and Kim, 2016). Brett (1964)2 T d01E o8 ¢
2 Z7A5, 10, 15, 20, 24°C)o A TTUAF S A4 AH]
£ Ot f3E5EE SO ST 2 Y IS E
N&ERT SUSEY o PGS AT R1se
t}. Anderson et al. (2001)2 T=u|2}9] A]-8-9] (Stenotomus
chrysops)2ty HAYO| (Mustelus canis)S UALSE o]FH
n2E olgw 45 AHE 2450 &5 vAUZ]

==

=
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3t AFE $3F3H. Penghan er al. (2015)2 =SSN
(Rhodeus ocellatus) X o1& A2 7|49 95281 #F
Ho] AL 15°Ce 25°C & 2ANA AFstgon,
R. ocellatus®] ARALEeL EXNEHEE 4~650 T 73
HOo=Z gt AL A7} Hol= B4 AdEjet v ugls of &
Ak Zol= it 2ot Uit

o7 ¥ 9 Aol tigt W A+ 74 AR
oNES| B BF EEHS AT Q77 oIt Kang
and Kim, 2016). o] Txo] me} 94 2 92 52
o) W Fol Aolstnz olF el Feol Wt e
o= WolA 9 olF 7HsAdHt o2 A% T =t Eet
A 4 3t} Kang and Kim (2016)2 <] olF &2 S £13)
28 (Micropterus salmoides)™} TE-9-2 (Lepomis
macrochirusys QA0 2 A} AHS Aggslgon, Ag
23 WA 27| oFe] daglol f&ol HMESE &4
gt Yol sk A& UErgth Hwang® Hur
(2000)= HHHT 249 o=t 451 o|FE RAIRE
A o8] TR AT o7 olFel & FF= vA
L Aol FRIEAT) Park er al. (2008)2 Fatn|o] §4 &
Aol w3t AP A4S AP 2 o7 RIS
S7h ARG ol 23719 AP &40 Het Zol
7} ok Aol gRlEglen, 3% netu]e] {4 A
Wt A= Ao, fol, BolE dAeE Aty oy
Al AA7|ES AT Bae er al. (2011)& PIV
(Particle Imaging Velocimetry)E ©]-83} 7|4F oA &
4 4 23815 5t o] o] &dhe EAQ ofFed 2
(Plecoglossus altivelis)®] 958 =43to] a3}4<l o
= AS AT /\ZA4RE FEAYOH, T OES olf
S TRt T8 ojF2 e R olf FHo IE /9
EA4E A% ti ofFel W= R o8 AAlske
Zo| Fasitial wact

FHlA = F5olFY 95 B7tol gt

ool Hls) RE% wel ¢ 25
A gk AN ofmEe] AXElgle. wheby o EE
4 B ol=g W] He7] YL Tl A4st

L o} oo olge] fUBES
w9 47, A5 wgslolof g,
o7 AL Ff 2AY SHE o] ol ol
54 gerolRel BE 4958 Bt Badoltt 1
GhA, B ATl F duEOR ANt BholR
Ql AT} (Cyprinidae) 4% &1 (Carassius auratus), 2
AY (Zacco koreanus), =7V (Gnathopogon strigatus), &
A2 (Acheilognathus lanceolata intermedia)S A O2 A
88 Aol KU Brtel AR Ansiay w.
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Table 1. Burst swimming speed measurement result of Cyprinidae.
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Species name No. Total length(mm)  Body weight(g) Ui(m s Ti(Seconds) Ueixse.(ms') TLs'*se.
1 68 35 0.72 144 0.79+£0.02 11.65+0.21
2 85 8.3 0.86 10.2 091+0.03 10.72+£0.23
3 95 8.8 0.56 16.6 0.64+0.04 6.77+0.41
4 100 153 0.64 8.2 0.68+0.04 6.81£0.36
C. auratus 5 115 19.8 0.84 5.72 0.87+0.06 7.55+041
6 120 26.2 0.84 8.4 0.88+0.03 7.3510.18
7 180 94.5 0.74 12.8 0.80+£0.03 4471021
8 190 99.3 0.84 94 0.89+0.09 4671048
9 195 103.5 0.66 15 0.74+0.04 377+0.23
1 90 6.8 0.56 134 0.63+0.06 6.97+0.56
2 92 10.5 0.82 11.8 0.88+0.04 9.55+0.28
3 95 6.5 0.7 11.8 0.76+£0.03 799+0.27
Z. koreanus 4 100 82 0.76 11.8 0.82+£0.02 8.19%£0.19
5 110 92 0.68 124 0.74%£0.03 6.75+0.24
6 110 9.7 0.76 6.2 0.79+0.03 7.19+£0.2
7 115 12.3 0.7 10.2 0.75+£0.04 6.53+0.29
1 68 35 1 10.2 1.05+£0.01 1546+0.1
2 75 45 0.96 9.8 1.01£0.06 13451049
G. strigatus 3 75 49 0.82 13.2 0.89+0.04 11.81+0.39
4 80 55 0.82 104 0.87£0.03 10.9+0.28
5 85 72 0.88 6 091+£0.04 10.71£0.36
1 80 52 0.72 9.8 0.77£0.03 9.6+0.28
2 80 58 0.68 9.8 0.73+£0.02 9.11£0.19
A. lanceolata intermedia 3 93 8.5 0.76 8.4 0.80+£0.02 8.62+0.15
4 95 10.2 0.58 12.8 0.64+0.03 6.78 £0.31
5 100 10.2 0.66 92 0.71£0.03 7.06+0.26

o] & HoJ(C. auratus), LAY (Z. koreanus)2} FAF(A.
lanceoalata intermedia)y= =] A Agke]| A&)31a1 Ql=
FO R ol MRt F2 B2 Q= Foltt.

Mz A LE

1. 0|7 xHE

2 Atolde FH A Avtel] AR A48t Sl o
22 BrolRel Aol 458 OB FY5AS 3
7hetgich Adol AMEE ol F+= 2018 99RH |1

A 2% FAY AR 2F(EFHEE 95 %LZF& +A
), FH (HAF A FA4F F55)004 FL (L5 7mm)
I} Z) (5 4 mm)E 0|83t iﬂﬂﬁ}‘ﬁg XH%‘JQ 5l
(C. auratus) 97A) (B AR 127.56+45.45 mm), ZZ2AH
Y (Z. koreanus) T7WA (B¢ A% 101.71£9.21 mm), 2E7)
(G. strigatus) 570A (B A& 76.6+5.68 mm), GAF(A.
lanceolata intermedia) 57N A (B AA 89.6+£8.16 mm)S

=|ﬂ|

= 25°C 2700|A 79 F<

AFIEE S 1994 28717 AP HJUL
o, S92 o33 7ot WA Ethyl 3-aminobenzoate
methanesulfonate salt (Sigma-Aldrich Corporation of United
States of America)S ©]-83l] Tt A (1 g/1 L)E A =3}
AT A= %, ZF A A% (Total
Length, mm), A5 (Body weight, g)2 =73}t (Table 1).
A =271 §40] ¢rd MAES 3&E 94 S st
A Ao 2AE 25°C &34 AR R (43.5%32X29cm)
oA 24A7t B 7Pﬁ‘4

FAZE AR HAEE 79
respirometer, Loligo® System)Z £7] & 152 %<t 0.1 m

s'9] 8ol A &2 A HTH(Loligo® System Swim Tunnels
User Manual). ©|% 02m s '8 EX0&E A9 A2 20
2 A0 AAEE AP A 108 FH2Z2 0.0ms™

58 =47] (Swim tunnel
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Fig. 1. Burst critical swimming speed in relation to total length of C. auratus, Z. koreanus, G. strigatus and A. lanceolata intermedia.

B 445E =9 958S S A7 323 79
SR AV, 2 Al 58S FESHTH(Tiemey, 2011).

24A17k0) FANZHE AT

A} o1 R BULE ZHE A 5, AASE 242 |
wiek Aaystack
o387 24E BT} HUNEES 083 Un (Crit

ical swimming speed)?} TL s™' (Relative swimming speed)
£ AHESHATH(Table 1). UanS ANTE wolls ot 2o
A& TH(Brett, 1964).

Ucrie = Ui+ (Ui X (Ti/ Tii) €))

AN Uk B §74 S=, Ui 8ol 458 72+
¥ 4 42 B UYL 01 m s 2 ARstgon T
AR Uiel A B9l AIRE, T 2 7208 44 ARbolch. TL
1S AN ol tha 3 2 A% Mgt

TLs ' = Uei/ TL 2

ol= 3G WA S Ui b= A% (Total Length) 22 e
Mll=g

004m s ", ZZAY (Z. koreanus) 0771004 m s ', ZE7
(G. strigatus) 095+0.04m s, §RZ (A. lanceolata inter-
media) 0.73£0.03m sT'2 245 %1 Th(Table 1).

A (Total Length)o] et EA4E Uyl 3 $H2
Jd =2 Jebd B3 C. auratus®t Z. koreanus+= %2 Ar
TS BEeH, G. strigatus$} A. lanceolata intermedia
= 29 ABBAE B R} (Fig. 1). Videler and Wardle
(1991)°ll &J3tH C. auratus®] AR SN&EEE Fo 4
PUAZ 2ol 2 AT} FAH etk v Penghan
et al. (2015)°] &Jtd FrRpFot} AEHE7N (Rhodeus
ocellatus)®] AT EX&E= Fo FHIAE Hol= A
o2 U=t ol AEolA AR R. ocellatus7} 0]
412 SR 9 A A% 20) (B 347 mmy} B A
3 Azl Y& Ao 22

7 29 AL T Uy B C. auratus 0.54m s,
Z. koreanus 0.67m s, G. strigatus 0.7 m s\ A. lanceolata
intermedia 0.54 m s™'2 ZA =]t} (Table 2). Park ef al.
(2008)%] AR&EE A7 A} 87A| Fof (B AF+E
292}, 143+ 14 mm)= 05m s, 670A1Q) I2hu] (Zacco
platypus, 89+ 11 mm)= 0.7 m s, 374A|¢] GA Fo}x}t 2+
A B-0] (Rhodeus uyekii,42+6mm)= 04m s '& Ueh} &2
A3t SAFP Lkt Park ef al. 2015)9] 95 3
7Yl M= Z. platypus®t ZAY (Zacco temminckii)®] A2
&l 247t B4 042ms ' 044 m s R B A 7.
koreanus€t ZFo1E H =T, o= s /NAISY Aol H]



122

Bold Misheel - 2%l - 2IZAL - &OI

foh

Table 2. Prolonged swimming speed measurement result of Cyprinidae.

Species name No. Total length (mm) Body weight (g) Ui(ms™h Ti (Seconds) Ueie (m s~ TLs™

1 68 35 0.40 78 041 6.07

2 85 8.3 0.60 303 0.65 7.65

3 95 8.8 0.50 600 0.60 6.32

4 100 153 0.40 150 043 425

C. auratus 5 115 19.8 0.50 178 0.53 4.61
6 120 26.2 0.50 76 0.51 427

7 180 94.5 0.70 485 0.78 4.34

8 190 99.3 0.50 180 0.53 2.79

9 195 103.5 0.40 194 043 222

1 90 6.8 0.70 90 0.72 7.94

2 92 10.5 0.50 30 0.51 549

3 95 6.5 0.50 130 0.52 549

Z. koreanus 4 100 82 0.70 157 0.73 7.26
5 110 9.2 0.80 352 0.86 7.81

6 110 9.7 0.60 289 0.65 5.89

7 115 123 0.70 200 0.73 6.38

1 68 35 0.80 358 0.86 12.64

2 75 4.5 0.60 290 0.65 8.64

G. strigatus 3 75 49 0.60 120 0.62 8.27
4 80 55 0.80 220 0.84 10.46

5 85 72 0.50 334 0.56 6.54

1 80 52 0.60 60 0.61 7.63

2 80 5.8 0.40 583 0.50 6.21

A. lanceolata intermedia 3 93 8.5 0.50 120 0.52 5.59
4 95 10.2 0.60 30 0.61 6.37

5 100 10.2 0.40 366 046 4.61

A 7] qEoz g 3, Penghan et al. (2015)
9] Ao\ R. ocellatus®) ARAEE7} HH 053 ms =
AAI=E o] B A A. lanceolate intermedia®] AR EEQ]
0.54m "9} A hebet.

Al e HAEE U] 22 FW2 122 et
W B}, C. auratus®t Z. koreanus= ¥ ALRTLAS B
oo, G. strigatus?} A. lanceolata intermedia= 2] AT
BAE 2o (Fig. 2). Videler and Wardle (1991)9] 2|31
C. auratus®] AT} AXELE= Fo| FHAAE Ho| &2
AT FAHA UEbdTh Park er al. (2015)¢] 2J51H Z.
platypus® A% A& EE= 2o AAH/AE BIAT,
Z. temminckii®| 73 %S FHAAE Kol & AH9| Z
koreanus= Q] AMAAE Ho] SARE Z2E HojFQ
t}. Penghan et al. (2015)°] &3 R. ocellatus®] A& A
AEEs o AHTAE Y A b=2A, 2 AP 9 A
lanceolate intermedia= =2 AHBAE E it o]=gt
A= ol A3t vkt o] AHAS) 2717 G Tl
e Ao=w FRHE

Ao AM8H Cyprinidaed] E&4E9 ARALE

et
Sid

Mgt A}, G. strigatus7t THE NAEN vl 7P Bk,
A. lanceolata intermedia7} 7V =Rt C. auratuse} Z.
SXEEA T 452 Blou, AXSG
T M C. auratus7} Z. koreanus©l| B8] =7} =8 A=
Ako] Vet o, A. lanceolata intermedia®} 8|53 A7
&5 Ho| C. auratus® 23 =7t Yrh= AE B
F9t}. Z. koreanus®) ARAEEQ} EXLEE9] Xjo|E v
gt vk, Z. koreanus7t 94 =E o2 JlAIECl HIE E=A
Aot A Holw Ao & AoE Yeth &
St, Z. koreanus®) 193} 5T A Q] AR&E7} ZHE 0.72
ms;08ms 2 A EXEE(0.63ms;0.74ms™)
Hop wE Ao 2 vehd, ZiAE Ao Aoy 7 w4
of ot o2 2t EH Ao wuH.

koreanus&

Zt
e

n

=
S

8 MEHH&E (TLs™)

7zt 24 EA&EE Y TLs ™' A C. auratus 708+0.3
TL s™!, Z. koreanus 7.6+029TL s', G. strigatus 1247+
0.32TL s™", A. lanceolata intermedia 824+024TL s"'&
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Fig. 2. Prolonged critical swimming speed in relation to total length of C. auratus, Z. koreanus, G. strigatus and A. lanceolata intermedia.

23 % lch(Table 1, Fig. 3 (A)). Aol AME Cyprinidae
T XS E9] Ui 242 A3 met vt 23} 80~89

mm HY AAe] A 80 mme| G. strigarus7} 109 TL s™
2 7} w29, 80 mm2] A. lanceolata intermediaZ} 9.11
TL s7'2 7F% =FHoh 90~99 mm&] 3% 92 mme| Z.
koreanus7t 955 TLs™'2 71 w21, 95mm9] C. auratus
7} 6.77TL s '2 7P =Ft}. 100~109 mm2] Z-$- 100 mm
9] Z. koreanus7} 8.19TL s '2 7} w3 100 mm<] C.
auratus7} 681 TL s™'2 7F =2t} 110~119 mme] A%
115mm9] C. auratus7} 755TLs™'2 7} ®=F37, 115 mm
9] Z. koreanus7} 653 TLs™'2 7} » 2t}

7+ 2 ANSEEY TLs™ BFE2 C. auratus 472 TL
s!, Z. koreanus 6.61 TL s, G. strigatus 931 TL s™', A.
lanceolata intermedia 6.08 TL s™'& ZA =9t} (Table 2,
Fig. 3 (B)). A& ol AM&E Cyprinidae 8 AXEEY] Ui
e A7) what vt A3t 80~89 mm WY AA Q] H$
80mmY] G. strigatus7t 1046 TL s & 7 w21, 80 mm
9] A. lanceolata intermediaZ} 621 TL s™'2 7} w5},
90~99 mm<] #-%- 90 mm2) Z. koreanus7t 794TLs™'2 7}
A w2, 92 mmet 95 mm) Z. koreanus7t 549 TL s |2
7 =3tk 100~109 mme] A% 100 mme Z. koreanus
7} 726 TL s™'2 7P w3, 100 mm9| C. auratus7}
425TL s'2 71 w8t} 110~119 mm<] A< 110 mm
9] Z. koreanus?t 781 TL s™'2 7P W53, 115 mme] C.
auratus7} 461 TLs™' 2 713 =5}

Aol tigk TLs™'9] ghe FH2 Iz 2 e Ay,

2 AN AE-H Cyprinidae= AAZ o2 29 Akt
AE B Rtk (Fig. 3). ©]+= Videler and Wardle (1991)| 4 Ak
L5 C. auratus®} Park et al. (2015)9)| A A% Z. platypus
9t Z. temminckii®] A37F & A FARE A 02 et
t}. Penghan et al. (2015)9) A= R. ocellatus®] AZo| gt
TLs™' adZ= & A A, lanceolate intermedia’} 2]
BHEAE B A g 2A Fo AHBAE Eiot o7
3t A= oA AgEt vke} 2ol iAY 2717 Y=
35S A

bol7t glom, A 4gze]
tholRe 9L ol MBI A4
B ohet Blfd ol Fe] 052 slokst
2 ARl 25 oj5d
5 SHe ol diat 724w, A 3

Bl
HEY A o7 AA o Aebg 2, el AP Al
Aa2 8T 4 k. & AFAMe 4 FANA HH
H Cyprinidae 9157 4%°] &sto] FE|glonz 25 %
£ AHE Tl thFdt ofFoll tiF A % Ao 4
ol et +¥5E FRE HF3lste HlolHE &RT A
=, A A R 2R g 2ok FEkst At o]
et E-guete] =&d 4 A& Ao wddrh 53] G.
strigatus®] 79 3G Foll et 54 A77F 5T AAo
FZ thokst st AL A7 Zasit) B3 o]
8E Aol s Mo AAE =9
AEsAY 2= 5 Hgo] mE
o= ti FA9 - g% #

.

e

J
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Fig. 3. Relative swimming speed relation to total length of C. auratus, Z. koreanus, G. strigatus and A. lanceolata intermedia. (A) Burst swim-

ming speed (B) Prolonged swimming speed.
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