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ABSTRACT: Physiological Responses of Common carp (Gyprinus capio) and Crucian carp (Carassius auratus) by Rapid
Changes of Water TemperatureABSTRACT: The blood and physiological changes of common carp (Cyprinus carpio) and
crucian carp (Carassius auratus) were analyzed when the water temperature was rapidly increased from 20°C (control) to 26
and 32°C. The water temperature reached 26°C and 32°C within 6 hours from the water temperature of 20°C, and the control
was maintained at 20°C for the duration of the experiment. From each experimental group, blood was collected every 3, 12, 24
and 48 hours after the water temperature rise, and the red blood cell count, hemoglobin, hematocrit, Na*, K*, CI, cortisol,
glucose, aspartate amino transferase (AST) and alanine amino transferase (ALT) contents were analyzed. In the case of the
crucian carp experimental group where the water temperature was raised to 32°C, the concentrations of plasma cortisol,
glucose, AST and ALT increased 3 hours after the water temperature rise, and the concentrations did not decrease until 48
hours (P<0.05). Plasma cortisol, glucose, AST, and ALT in both C carpio and C auratus in the control group and the
experimental group raised to 26°C increased at 3 hours after the water temperature rise (P<0.05), and decreased to the value
before the water temperature rise at 48 hours (P<0.05). The plasma Na*, K* and CI concentrations of C carpioand C auratusin
the experimental group where the water temperature was raised to 32°C were higher than in the 20 and 26°C experimental
groups. The blood reaction of all experimental groups including the control group showed a common trend in both C carpio
and C auratus increasing up to 12 hours after the water temperature rise and then decreasing at 48 hours after the water
temperature rise. The results derived from this study would be useful for investigating the physiological response of fish stress
in future. In addition, as fish mortality has recently occurred frequently in rivers and lakes, it is judged that it can be used as
basic data.
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A M) ASTSF ALTE B o] Ho| &40 o
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2 LT 9ok Edk -2 AEA| olo] o4, 2
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H3lof] st A7} @ik (Park et al. 1999, Hur 2002,
Lankford et al. 2003, Davis 2004, Hur et al. 2008,
Yeonetal. 2011, Jaxion-Harm and Ladich 2014, Cho
etal. 2015, Amin and Khan 2016, Hur 2018, Lim and
Hur 2018, Hur et al. 2019).
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Fig. 1. Water temperature changes designed for the experiment
of increasing temperature continuously. Arrows indicate
the blood sampling time.
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Table 1. Variations of Na*, K" and CI” in common carp (Cyprinus capio) and crucian carp (Carassius auratus) on each

water temperature

Elapsed Common carp Crucian carp
rlrj:tr:r time Water temperature (°C) Water temperature (°C)
(hotlry 20 26 20 26 32
133.7+4.63" | 133.7%4.63" | 133.7+4.63" | 133.844.49" | 133.8#4.49 | 133.824.49"
. 6 136.8+0.75" | 138.1+1.55® | 138.8x0.75%° | 133.2+2.48" | 136.0£1.59% | 135.0+4.93%®
(mNan/I) 12 136.740.84%* | 138.0+1.42%° | 138.9x0.98% | 136.720.84%% | 138.0£1.42%° | 138.9+0.98°
24 136.6+1.51% | 140.7+1.62%° | 137.324.63% | 135.524.46%% | 139.0+2.18%° | 139.0+3.09°
48 138.642.25% | 139.3+1.89% | 146.5+3.69%° | 135.024.42%% | 138.4+220%° | 138.1+4.83°
1.8+0.74% 1.8+0.74% 1.8+0.74% 1.9+0.75" 1.9+0.75" 1.9+0.75%
6 1.6+0.47% 1.8+0.64° 1.8+0.43% 2.1+0.59%° 2.3+0.42% 1.6+0.46
(mEq/I) 12 1.6+0.62"% 1.8+0.79" 1.8+0.46"° 2.1+0.62"° 1.8+0.79" 1.8+0.46%
24 1.6+1.74" 2.3+1.20% 1.4+0.49% 2.7+1.07%° 1.8+0.51" 1.9+0.54%°
48 1.6+0.75" 1.8+0.77% 1.8+0.79" 2.1+0.38* 1.9+0.88* 3.0£0.64°
108.542.42" | 108.542.42* | 108.5x2.42" | 105.6+2.59" | 105.6+2.59" | 105.6+2.59*
108.842.56™ | 111.1+1.98% | 112.022.52%° | 108.841.64%% | 110.3+1.31%% | 109.8+3.06%
(m%';/l) 12 108.4+3.88" | 111.3%x1.15% | 112.8+3.85%° | 108.4+3.88" | 110.3+1.15% | 112.8+3.85%
24 111.641.94%° | 111.741.87% | 112.842.04% | 108.1£3.31%% | 110.7£1.64% | 112.0+1.89°
48 110.642.425 | 111.242.59% | 114.0+2.82°° | 109.3+2.50%% | 110.6£1.59% | 114.1+2.31™

Values are means+SD of each experimental groups. Values in the same column not sharing common superscripts are sig-
nificantly different (776, /£<0.05). Capital letters: significance among elapsed time in same water temperature; small letters:

significance among water temperature in same elapsed time.

nootransferase (AST) 3! alanine aminotransferase
(ALT)E AT ZE]EL Cortisol analyse kit
(Fuji Film, Japan)& o|-&3te] s2% HA 7]7]
(DRI-CHEM, Fuji Film, Japan) 2 £-4]5}%it}), 225
2~ AST W ALTS AAE B47]7] (DRI- CHEM
NX500i, Fuji Film, Japan)&- o]-8-5}o] EA351%ch

2.4 SAHXzE|

&) A~ 5 [e]
7 A WY S, FEE, FRIA

7}
AST YL ALT 5= 9] 5914 E4-2 One-way ANOVA
est® HhE S A3yst

-+

4 Duncan’s multiple range
Ak (P<0.05).

3. 2 1t

3.1 EHMAL HEZ (Hematological response)

& Aol A 2 B 2of| oy ARt QJolet 5
o Ml 2 Aol HehtA] sttt ol

Na" 5= 48A17H=¢F 747+ 133.7 - 138.6 (20°C),
133.7-140.7 (26°C) ¥ 133.7 - 146.5 mEq/1 (32°C) <]
Hel= Hgkelol on, K 5o 48A17Hs 2t 242F 1.6
-1.8(20°C), 1.8-2.3(26°C) 2 1.8 - 2.4 mEq/1 (32°C)
o] ¥ ol &2 M3}slglth(P<0.05, Table 1). Cls-F =48
AZF5t7F2F108.5 - 111.6 (20°C), 108.5- 111.7 (26°C)
2 108.5 - 114.0 mEq/1 (32°C)2] ¥ 9|2 Wa}g o,
ol Na', K" 9 Cl g 2= 32°Cof| 4] #isleo] 713;
Ak 2 A2 AP A8 o= "2 AE
SEFRRE W= ARl ol A AJRto] Z mghe] whet F7tst
At} Aol S uf 48 A7 o] 9] Autgho] A A
o] Autgk (0A1Zh el Hlsl| o4 o2 =] yebith
48X 7F5210.80]1A4] 1.8 (20 L 26°C) 2 1.7x10° cell/ul
(32°C)& Z7Flth7} 1.3 (20 2 26°C) 2 1.1x10°
cell/ul (32°C) = HAasleh. I 2 1 ¢2]= 212t
8.60]|A4] 15.5 (20°C), 16.0 (26°C) 2 13.1 g/dL (32°C)
2 Z7)5c7111.8 (20 2 32°C) 2 13.0 g/dL (26°C)
2 A% S IutE AR E A= 22 15.1
o4 32.1 (20°C), 33.1 (26°C) 2 30.6% (32°C)= Z
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Table 2. Variations of hematocrit, hemoglobin and red blood cell in common carp (Cyprinus capio) and crucian carp (Carassius

auratus) on each water temperature

Elapsed Common carp Crucian carp
Parameter | time Water temperature (°C) Water temperature (°C)
(hetlry 20 26 2 20 2% 32
0 15.1+6.90" 15.1+6.90" 15.1+6.90" 12.65.27% 12.645.2752 12.65.27%
6 32.1+8.31% | 33.1#6.52™ | 26.843.93% | 14.3+5.84%° | 11.8£229"% | 11.4+3.96"
He”(‘jj:)"c”t 12 | 321831 | 3311652 | 26.8+3.93% | 12.1+1.31% | 12.1:520% | 12.8+3.91%
24 30.14#9.01°% | 29.743.33%° | 30.644.42 | 10.0£1.88" | 14.026.28°® | 13.7+2.84°
48 24545858 | 23.3+4.20% | 24.3+7.8% 11.122.26"% | 11.3+242% | 12.543.04%
0 8.6+2.32% 8.6+2.32" 8.6+2.32 8.7+42.25% 8.7+2.25% 8.742.25"
6 15.542.60% | 16.0¢1.71%° | 11.241.75% 8.1+1.425 8.5+1.33% 8.6+2.09"
Her(g‘/)gl'_‘;bi” 12 155¢2.60% | 16.0£1.71%° | 11.2¢1.75% | 8.5+2.60% 8.0+1.71% 8.7+1.75M
24 13.14¢2.41%° | 13.321.01% 13.1+0.75% 8.1+1.18% 9.3+1.70%° 9.4%3.32%°
48 11.820.79% | 13.0¢0.75% | 11.8+1.17% 7.241.91% 7.8+1.50" 8.2+2.38"®
0.8+0.32* 0.80.32" 0.8+0.32* 0.940.31% 0.920.31752 0.920.31782
1.840.54%%° 1.840.51°% 1.5+0.2% 0.8+0.37"% | 0.7+0.11% 0.6+0.20"
ngfotg'ﬁl /;CJ?)I 12 18:054%° | 18+051%% |  1.5+0.2% 0.840.14% | 08051 | 07:021%
24 1.7+0.59% 1.6£0.46% 1.7+0.31"2 0.5x0.09" 0.9£0.30"%|  0.7£0.14%
48 1.3+0.315 1.3+0.56°%° 1.1£0.42% 0.6x0.11% 0.6+0.02" 0.60.14"

Values are means+SD of each experimental groups. Values in the same column not sharing common superscripts are
significantly different (776, /<0.05). Capital letters: significance among elapsed time in same water temperature; small letters:
significance among water temperature in same elapsed time.

7}¥81e}7F24.5 (20°C), 23.3 (26°C) W 24.3% (32°C) &
7F45}9lc} (Table 2).

7t A 421 B0l Na' 5= 4841759t 212}
133.8 - 136.7 (20°C) @ 133.8 - 139.0 mEq/l (26 2
32°C) 9] YR Z7g =9l o, K = 48417154t
Z¥7F 1.6 - 2.1 (20°C), 1.8 - 2.3 (26°C) € 1.6 - 3.0
mEqg/19] 92 A5 }ith(Table 1). Cl g = 484
7F52F7421105.6 - 109.3 (20°C), 105.6 - 110.7 (26°C)
2 105.6 - 114.1 mEq/19] H9]&2 24 =g o, Ho
9 Na', K" U ClI' 5= 32°Coj| 4] 5o 714 71T
7t ARl Ao A8 = 48RS 0.9
o4 0.6x10° cell/ul = 7HA43Hgc) smZ@y] 423
L8.7014 9.1 (20°C), 9.3 (26°C) % 9.4 g/dL (32°C)
2 SR Ad AR 2 4843 o= 7.2 (20°C),
7.8 (26°C) 2 8.2 g/dL (32°C) & 74skgich E3t, 3]
2 E 3% Zk2F 12,6004 14.3 (20°C), 14.0
(26°C) @ 13.7% (32°C) 2 Z7}131}7F A A2 348
AZF] 1.1 (20°C), 11.3 (26°C) 2 12.5% (32°C) &= 7+
23151t} (Table 2). Qo2 E-o]9Na', K 9 Cl 5%

3.2 S22 82 (Hormonal response)

J0120°C th27-9] FE|E FEe= 48454k 2.1
- 4.8 pg/dL o] Bl 9|2 Tk A F o] v]s| AA]3] F
TR 2 ZAE G 0] 26°C A= AF Al S
3A|710] 26.8+1.4 pg/dL 2 =715} (P<0.05), 24 A]
7ol 2.7+1.1 pg/dL 2 7H43Hch (Fig. 2). o] 32°C
AT AR A S AHE Tt AGH o8 Z7}
Blo] 124)7F0] 51.5+1.9 pg/dLE 71 22 FE|Z &
7 2A 901 (P<0.05), 03 24 A7} 3.4+0.3
ng/dL & ZFA31th £0120°C th2710] FE|E %=
S A8AZHER2.6 - 4.9 ng/dL o] M= HE A
Hlsf) @A) W A 2 ZAE Uk 501 26°C AY

= A1H A2 524 4] 710]] 52.642.3 pg/dLE Z718k
T F48 AJ710)) 42.6+2.3 pg/dL 2 7H4315] 0L (P>0.05)
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Cortisol (ug/dL)

Glucose (mg/dL)

60
50 1

‘+20°C —=—26°C —#—32°C

Fig. 2. Plasma cortisol (a and b) and glucose (c and d) concentration of common carp (Cyprinus capio) and crucian
carp (Carassius auratus) for 48 hours. Values are means+SD of experiments (n=6). Error bars represent the standard
deviation of experiments (P<0.05). Values on error bars not sharing capital letter are significantly different among elapsed
time in same experimental groups (P<0.05). Shared alphabetic letters on error bars indicate a lack of significant difference
among experimental groups at equivalent times (P>0.05). Capital letters: significance among elapsed time in same
water temperature; small letters: significance among water temperature in same elapsed time. Common carp: (a) and

(c); crucian carp: (b) and (d).
A9 A 9| A E F o vlsf A LT (P<0.05,
Fig. 2). B0} 32°C Ag 9] :71:45_1*_1;_7} A8 A2
3 24A)710]] 54.4+1.6 pg/dL 2 271819 0] 3 484
Z17K2) 55.4+0.7 pg/dL 2 SR =] QT (P<0.05).

Q0] 20°C h2A2] FFAA Fle= 48A7HESE

29.0 - 50.0 mg/dL 2] M Q|= T2 AlF o] v]3) &A)

8] & A= SAE U o] 26°C A= AT
3A]7 oﬂ 76.3+3.1 mg/dLE Z7}8t & AAsHA &
2| 5] 9] 01, 48 A|71of| 23.7+2.9 mg/dL & 7+AakATt
(P<0.05, Fig. 2). 9J0]32°C A& 7ol Z2IA LT
A% A2F B 12X71744] 137.0+4.6 mg/dLE Z7}38}
QL o] A 7rAxsto] 48 A7 o] i=24.0+4.4 mg/dL
2 UERHQIT) (P<0.05). 0] 20°C Tz te] 33
A ETE 4847 %9_}23 3-42.0 mg/dL 2] ¥ 9|2 t}
£ Aol vl EAs T2 &2 Sk 26
4l 320C AF 1L AlF A ]XL 5 A8 A 7HHA] 125.742.1
9 134.3+4.5 mg/dL 2 =715t} (P<0.05, Fig. 2).

0]0] 20°C T 210 AST % == 48X 7H50132.7 -

35.3 IU/L2] W92 t}2 Algtof nlsf AR5 e

A2 Sk J0]26 W32°C APF= AT Al
2} 3 3A17H0] 170.3+1.5 2 188.0+1.0 IU/LZ Z+2F =
7Fstelom, o] Al ZrAsto] 48 A1t F-ofl= 68.0+
3.0 2 103.742.3 IU/L & 7+4384tH(P<0.05, Fig. 3).
Bo] 20°C j219] AST == 484|759 27.7 -
32.7 TU/LE] WY& o2 Aol v]s)] AA]3] F
A2 S|k 50126 W32°C APF= AT Al
2} 33 A| 7o) 228.3+18.5 9 304.7+10.0 IU/LZ Z}z}
Z718Fg o, o] Al 7HAaslo] 48417k T0] 96.7+
6.7 2 149.7+8.5 IU/L 2 7z} 7FA519] 01} A3 A o)
Fof vl =2 4=0] $lT} (P<0.05, Fig. 3).

9]0} 20°C T Z72] ALT %= 48A]7H5913.2 -
3.4TU/LS| 92 thE gt v]a] @A 5] W2 4=
2|2 ZA )it oJo] 26 2 32°C AF L AlF A2}
3 12X7744] 6.6+0.3 2 8.5+0.5 IU/LE Z7}31%.2.
, 0] % 48 A|7F7HA] 3.1+0.2 € 3.1+0.1 TU/L7}A] 7+
2319} (P<0.05, Fig. 3). 20} 20°C A379] ALT
== A8A 751 2.9 - 3.4 TU/L ] H9j & th2 A%
Trofl vlsl| #A)5] W2 A 2 S =Sk 5o 26
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Fig. 3. Aspartate aminotransferase (AST, a and b) and alanine aminotransferase (ALT, ¢ and d) concentration of common
carp (Cyprinus capio) and crucian carp (Carassius auratus) for 48 hours. Values are meanstSD of experiments (n=6).
Error bars represent the standard deviation of experiments (P<0.05). Values on error bars not sharing capital letter
are significantly different among elapsed time in same experimental groups (P<0.05). Shared alphabetic letters on error
bars indicate a lack of significant difference among experimental groups at equivalent times (P>0.05). Capital letters:
significance among elapsed time in same water temperature; small letters: significance among water temperature in
same elapsed time. Common carp: (a) and (c); crucian carp: (b) and (d).

32°C Age AE
9.4+0.4 TU/L7}A] A
Fig. 3).

Z} B 48X 7H7HA] 8.240.1 W
o 71T (P<0.05,

_Il~> l

e sk B2 205 Sk o5 9] 4
PSP Wb el A OR dRe FEAoR Y
A 21} (Elliott 1982, Barton and Iwama 1991, Dutta
1994, Bhikajee and Gobin 1998, Hur et al. 2008, Lee et
al. 2014, Shin et al. 2018). £3], 5~2-0] A3 H3l=
ol3]] o] E_,] SR AL 2 oA A HES-o] BT 0]
A A5 £ R 115 vf it} (Lankford et al. 2003,

Takahara et al. 2011, Jaxion-Harm and Ladich 2014,
Amin and Khan 2016). Lankford et al. (2003)-2 green
sturgeon, Acipenser medirostriss TIAF O R 4220]
11°C 9 19°C] AR50l 4 212} 87]of) 1 53k e
5 Fol SARFE AEHA FEE WSS 2A5HY
th 37| eE AEYAE WU 208 3O FEE 5

L 7}7}138.1 ng/ml (11°C) 2 201.2 ng/ml (19°C) 2
PV 37 b, 3417 0] REE B 2t
35.8 ng/ml (11°C) @ 56.7 ng/ml (19°C) 2 ﬂiﬁ}
o 00] 5848 MEl B S 245 A
UERETE 11°C 2 19°C AP0 7 AN S
7| AEY| A RS O] SR 3AITFEQF A]&A]
F7the Aol et on, 4-0o0] 845 2
20 s 7hasis Aol et ol2igh A
B U2 Acipenser medirostris7} 142 B3 of| A= 2
Eg|&of thgt Hk-g-o] Wiz, Z1= Qs o i #] 4
w7} 27tel ot m sk

Balta et al. (2017)-2 black sea trout (Salmo trutta)
£ o & =20 A% Hato) whE A e|ehA] st
2 25T AR A28 250C 4] 15°C R 1055
QF ZFAAZ| A} (1°C/min), TEE FE7t 23 &
1 A7k 1.070.24 pg/dLof| 4] 30.1941.17 pg/dL 0. &
2781l 1 2228k 53 4] 7kol| 10.69+42.66 pg/dL &
Atk o) 7241774 th k- ol Aol 7}
LR QR0 v s SasE

FABIALE 27

OPF
n |o rr o°|'

A
RIOHU ool © xR

_l

=
aia
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li

B3} 5 1 A7bo] 12.841.20 mg/dLol|A] 62.0+
03 m/dL 2 F25] 571519131 ol 4841751 4
%0 2 71480, 4 72A170] 27§
ofgh 2jol7} Lheh}A) gL FER 5]Ba}9c) Na',
K" 9 Cl Fek =23} 3 1 X7 F7Fste] o]
AR A|54] 0 2 Zhaxsh= 73 oFo| UEFRLT o]
ot A& E | 2 black sea trout 7} -2 H3F A E T
25 T2AIZ o] S5l kAL Harshgiek

Takahara et al. (2011)-& G v} 5 of| A AlE}= <)
o] & ZL3I5to] 124753 Ao = Aeh o, 4
AR 28 A A% 23 EAT°CE §AITL
AR SAR of] AR5 22°C0)| 4] 25°C 2 F7HA A
t}. 71 A3}, A3 A 9] handling stress 2 2135} 710 E
FEE T A s o] SRS Yo
1.0 ng/Loj| A 2.91 ng/L &2 F7F8F3ITh 3 A& 5
71 (cortisol release rate, ng/g-hour)®= 447+ 2.8
ng/g-houro)| 4] 1.2 ng/g-hour & ZA51ckr}5U 0] 3.84
ng/e-hour 2 251 Z7Fekelrka W sk vl 9]

Jaxion-Harm and Ladich (2014)= ARS-29] ¥
Sjo] wE QJolo) el = vskE Asg
20°Cof| A ARS-E 9]o]9] FE|E 557} 0.601+0.102
ng/L water-g fish2 YERG O™, A48 14°CE
2218 1] 0.012+0.004 ng/L water-g fish&2 7343}
ATk 14°CLF20°CE 1A 7 7HA 0 & HHZFoLA] 1801
w227 9Jolo] FEE EE® 0.301+0.060 ng/L
water-g fish © & 7F4-3}%I T} Jaxion-Harm and Ladich
(2014)8] SAtoflAl= of o] ARg-20] 14°CY o,
Atgof tiet AE Y AE 240k o Qlrkal Al
SHAT

Amin and Khan (2016)-2 4~2-9] H3}of| u}-2 9Jo]
o] N A} Hl-g-of| t3to] HIskSITt. o) o] o] ARg<=
20| 25°CoA 15°CE HaT 39, A+ o=
138.5+3.31x10* cell/mm’ )| 4] 136.0+1.9x10* cell/mm’
2 Hasilon st E 9 sl 2R] A=
92l3t o) 7} 91 9Ir}. 422:0] 25°Co] 4 32 W 38°C =
27y Z7Vek 7S, AT = 247 144.042.23%10°
cell/mm’ 2 146.0+5.43x10* cell/mm’ 0.2 z+z} 27}
51401, 38°Cof| A 9] 3|2 =R R %= 7.9+0.7 g/dl
of| 4 9.0+0.5 g/dl 2 F7FF AT 2 Aol A= ol 2]
Na', K 8 CF 52k Agi4-20] 5848 Z71ohs
o] eiton], e Asdsol w2 goly
Na' 0} £9] Hs}o] K' 3l Crol-22] ko] ]3|

o]
8

B 2o

lo

o =27 yehgth e AE Ao T ¢Joo] d
N -2 A A\1ko) Aol ket F71elei ot 2k
asshe Aol BE PN FEHOR Lehgo
], 26°C Ao AT 5 gyl U sjuke
0] A7} b4 7 Stk olel N K
9 CI T APe2o] 53555 575k 4ol
UFEFGE L, AL AE | A0 whE 50| o] ol Ag At vl
- Algto] Aate A S7FstthE asshe A9k
=AM S84 ® UEg o H, $-20] =
7 MY A O R 7 ST FehE A 3ol
o grofofl A B LElst . 219 slntE e
7= eolol B AT FEA AFNAIAI 9
Fatol= gllo), ol Ae- =& dte = dFolal
= Ol o= A W5 AEF AR FEE o] Xt
UM A&t old AtEolA e ot S HIE
B Ame o] A%HOR B A9, BohA Y
3, TEE Y FRALG RS AEYL FRE 5
7} 328 27k kol 1€)AL} A5 75
1 7syo] Uefuth 2 17:0] Aol ool
fla BRE SEL Sk} o) AR A
o|H9) T g I EE]ITE E3L A 2R W
O HH3}(20 W 26°C)ol| A= Yoo AEH A TER F
L7t 7Ll F AR AR - 24 A7t AE | AHES
o|H 9] e & 3|H5E= e UERth 1eu 5o
I A2 9] o] 226 H 32°C)° == E 8L
=, ZEE Y 2F3 8 T S7RE 9ol 7hashA]
oL AR Aol FALSHAl LElTE Jaxion-Harm
and Ladich (2014)F 1|23} o] ¢Atol| A= o] =77}
SRR QIgk AEY| Ao leE ko] B glucose
FL7t ST se7E AAAIE(12 - 48417 ool A
9 o] () L= 3| E3H o) 77t ol 2
WS}l A-SSAAY AEY A eF o] 9] 0
2 A HARS B3k Aokl Ajteqint. o ¢+
o & 5-0) AT S RIS o] B 5o
o AEAE FHIAIZ 01, QJoj= 2447t ool A
Aol A-53F3 L, Fof= 48417 ool A4
20| A-g5HA] YA A-gof 48417t o) o] A nE
A0 2 =5 4= 9t} 18] 1 Penghan et al. (2014)2
S2.0] Wsjo] T} olo] Y4 W HEIAE
312 BA8lglt), 4-20] 20°Co) A 10°CE 748}
9 Bolo] § 47t olahl dasiolm, BEeh
817 48% ST 2 s}t A 2ol

ot

=
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=729 STt mhE ol 2 5ol RS W &
Stk ¥skE A B a7 Sl

29 ofet AEY 20N = TEE B SR
S HIP LA A4k o &2 LrelgTh Sula and Aliko
(2017)= 2Eg A gl o3t oo AEE U =5
2 Fh Ao tisf] At duf, AE Ao F
7] Hojo] FEE (124.6+42.7 ng/ml) E FFEFA
(36696 mg/dl) 5=/} AAFA 0] Boj o] FE|E (45+1.4
ng/ml) % SF32 (75+10 mg/dl)of| Bl =A] ekt
t}al R 5it) T3k Rapp etal. (2012)= &Jo]Q] 32
9] gl =gof| w2 F ol 9l 2] sk HistE A6l
o] 8] 9 8 FOAIFER TS F e AG AL
2 Z7}8ttar B 18It ESE AST == 9A| 7
FCAEA o7 FTLsIel o gk k= olojo]
9 9l 580 2 Qlsf HE AEY AV IS SO A2
&3 o) 5 HAtshr] f1Rh Tk vl T 1] aae
& 9 oJA] ARgo] lojetar AQtsliet. 2 At
ol A= doi7t 2 HStof| lEAl AST Y ALT 5=
VA4 e v e e R RS S R P Rl oo S CAR S o
O]9 AST W ALT 5= A7 |7t 2 555
FrAIBHTE & A7-9FRapp et al. (2012)9] A5 &
=, Yol o Wste] lkeFA] Al7ko] st A
S A2z Bato] Z e g G4 9 oy 2] ALS-
o] Z7isiee} flake e SEE oo Hol 48
WIS} Q19 4t M S B ol BaBE W ol
A AHgo] A& A 0w F15 o 2204 ok

Wei etal. (2019)+= 212 A|7]o]| t}& Fo] 9] L E]E,
S22 9 sehzz1e] = visto] thel s, -
S wlo) gfo] Z/1B4E TEE U FRAA S
7ol 1)) oA} Z7lelg o), sukE?)
E 22 we] 4710 T2 Mekrh Lkt itk
9.46 pmol/m’s®] Wol| 2 A, FEE Fre
120.19+18.94 ng/ml 2 7 1A+ =7 U2, 1.08 umol
/m’s 2] o =25 QS uf, FE|Z H57169.54+8.31
ng/ml 2 25 ZFHE BE AR FollA 7P R
A Yl Li et al. (2008)2 5-017} microcystinof|
=2 A 387, thyroid ¥ cortisol & 2 22| H3}o] tff
3l A5kt 150 2 600 pg/kg ] microcystinol| 2+
ZF A e F F 1IAHEE TEE T 2R vt
T S7FeFA oM, e FABAITITIA] A B =
78 %] et o, microcystin®| s =7t 57 F5
FE|E 2% 2718t (Li et al. 2008).

Liew et al. (2013)2 9Jo] & 2o]7} Abg2-of u}
2 QNG U H A EE S EE o Bl tig]
A3 vt Qi) Fol= 7L AR E SF0HA] ok
ol (7]o}=t, Starved group), 4 Clol& 5=717Y
F AP S Sae A (0l Fed group) o} &
7Fstodth. 7]okte] K o] & s ie Folto] Hls) &
7kt om, oJo] 7okt eI Na', K" Z Cl 0] 2 5=
ool vlsl| S71skSitt. 3, g0 E Jojof| A 7Y
7F AR FEolAl 4ok o, ZEE %7 S7kst

¢

rkal Ba1gkHE Qlek. Yeon etal. (2011)2] ¢o]| A
© YolE td o= dddn 7he A s s E
AF 02 QI AEH A 2L HILE ARSI T A

20| A 3547 AEY A AFF-E 9AITHE4E X
(80 dB) % 423 (123 dB)= 71513l wi, A7 & SLE]
Z WSS BAS uk AE AR ASE U IS S
Lrb Tt AT oA o] AA A STk ©

= Qo | g S ), Jolet ol AEdL 8
Qlof wfe 18 % W 2R 10| 5 B, AEd|A
AT BB}tk AT w53 4 9)
oAk A Aol 422 W Rk ofe AEd A 9]
of 4717k A HOV A UES, AEd A SR
3} oo} fodb 9 BT B, 7k, Al
2E 2R $AS 2A0] o] 7k AEH 2] e
A Aol ekd wg-& wtalA Tslof & Aol

=TT veoa

o)oy (Cyprinus carpio)2} 201 (Carassius auratus)
= feuet oo AA AAlstal, ALd 2ol W
< M= Hol| g5 5FA| grom, Fo] o] 15°C o] 4
P20l A s Es-S gt A Holggo| &
SHA] Sgh e ol A 0] A5k B o Aol
of| o] 5 59 ofF= sk of| A RIHBHA HiAbet= A L
2 HEI Q) o} of A 7EA] HAsk= Q1S A A
© 2 IAE 4= glo] W2 =8 Tejof qlo] 2 &
A& fFE 2L ek whakA, = shdof| A 8 A4
o]Z2 oot 5ol o2 ST =2 TSt ufh
£ o 9 Aoty IS AP} AGHE =
stglom, o] AR E 7|2 & dho] o A4]eh=

= ]
o AR 2 Aol of o] AEHAE AT



122 J.S. Moon and JW. Hur / Ecology and Resilient Infrastructure (2022) 9(2): 113-123

Ol A A 22 uhAsk T B1 A e A 734 2
TP FE oS te] of 7 Aol h517] 9187
2 AR E AT gk

) 58 32°CE 4453 B ABTE A9 1245
3 3A)7te]| RE|E, FFF A, Aspartate aminoo-
transferase (AST) @ Alanine aminotransferase (ALT)
7L 3700, 48 AL w7} 454
orolr}.

2) 48 32°CE A% AT Yoleh Folo] Na',
K" 9 Cl 552520 9 26°C A @l Ba) =AU
it xE 2Ee BE AT o
HES-E QJoiet5of Bipoll A 24 - 124117}
A S7FI 7 = 3 48 A Mol sk 7
ko] F=2 o 7 Ljehyith

3 & A7 SR ok olg3i] o}
of il A] 4|3l
Hete 2 g 71~—E§} %lol‘:k T 44% 6}% el
a0l Al o7 HARZF RIHSHA] Y =] 3L Qlof A o] of
gt 7|zAtm 2 B8-S o Qs A o' Tk

=2 }01' rlr

ZAtel 2
AT TS ek AL AFAIA of 7|
A} €19l ¢35 (NIER-RP2018-228) 2] 3o & 2Hgx
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