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Effects of Acute High Water Temperature Exposure on Survival, Physi-
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Juvenile and adult whitespotted conger Conger myriaster were exposed to different water temperatures to assess sur-
vival, body weight changes, plasma cortisol concentrations, and histological alterations in the gill and liver tissues.
The experimental water temperatures were maintained at control, 24, 27, and 30°C, and fish were exposed for 96 h.
Juvenile survival rate was 70.8% at 30°C, whereas adult survival rates were 80 and 60% at 27 and 30°C, respectively.
Adult fish exposed to 30°C exhibited significant reductions in body weight and increased plasma cortisol concentra-
tions. Histological examination of the gills revealed increased blood flow within the lamellar capillaries at 27°C,
whereas necrosis of lamellar epithelial cells and fusion of the secondary lamellar epithelium were observed at 30°C.
In the liver, increased glycogen accumulation within the hepatocyte cytoplasm was observed at 27°C, whereas hepa-
tocyte condensation, necrosis, and vacuolated lipid droplets were observed at 30°C. These findings indicate that both
juvenile and adult whitespotted conger experience physiological stress at 27°C, whereas exposure to 30°C adversely
affects survival. The results of this study provide crucial baseline data for the development of future aquaculture
technologies for whitespotted conger.
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B2lolof| gt ATF-5L A7H(Gorie and Ohtani, 1997; Cor-
reia et al., 2009), A4 A€l (Okamura et al., 2000; Mochioka,
2001; 2009; Kurogi et al., 2012; Fueda et al., 2019) 5 =2 Z}
sk ZuloA Core A-So] WAE T, AT} Bl
ATE PE = w2 AEE ¥sKHan et al.,, 2024) 5 1%
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Fig. 1. Survival rate (%) of juvenile whitespotted conger Conger
myriaster acutely exposed to various water temperatures for 96
hours.
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Fig. 2. Survival rate (%) of adult whitespotted conger Conger myr-
iaster acutely exposed to various water temperatures for 96 hours.

Zhef] =2 96A17F A 70.8%2] A EE-S H A HFig. 1). o9
¢ d27(25°C) W 24°C &2 Z$ wAEAsHA] ¢
Tk SFAINE27°C 12 0] A9 1 Z ABAITHEE HA LAY
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Fig. 3. Body weight (g) of juvenile whitespotted conger Conger
myriaster acutely exposed to various water temperatures for 96
hours. The data are represented as the mean+SEM. The different

letters indicate statistically significant differences between groups
(*: P<0.05, **: P<0.01).

300

250

200

150

100

Body weight (g)

50

0
Control (25°C) 24°C 27°C 30°C

Exposure temperature (°C)

[initial (7] After 96 hour of exposure

Fig. 4. Body weight (g) of adult whitespotted conger Conger myri-
aster acutely exposed to various water temperatures for 96 hours.
The data are represented as the mean+SEM. The different letters
indicate statistically significant differences between groups (**:
P<0.01).
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Table 1. Lethal temperature (LT) of whitespotted conger Conger myriaster acutely exposed to various water temperatures for 96 hours

Growth stages 96h-LT,, 96h-LT,, 96h-LT,, 96h-LT 96h-LT,,
Juvenile (°C) 29.297 30.024 30.528 31.031 31.759
Adult (°C) 26.343 28.822 30.538 32.255 34.734
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25 Btk AlF AasEd 21578 27C 2714 Fdf
242 golgom, 30°C =19 2% 68.93 gO & - A7} H]
e 524 02 Fetrk(Fig. 4, P<0.01).

&% Cortisol 8=

2] & ) 271(22°C), 24, 27, L 30°Col| 96A|7F =2 T 32
cortisol =2 A48t A7}, 7H7F 52.65+8.45, 57.34+8.65,
49.11+5.02, 61.94+12.13 ng/mLZE 30°C =& %k
7F 7P =0koy o]l atol= HolA| oFSkTh(Fig. 5).
Aolol A9 7kzk 10.1846.78, 6.58+4.39, 20.09+12.42,
59.24+36.62 ng/mLZE 4220] =9 Lry} olF o
30°C ez o] A9 v eE ek vlae) §-9 4 o= =9t
(Fig. 6, P<0.05).
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oprpn|ef Z2jekA A}, 2[o19] 9 tf27(227C) %
24°C leFts NSl o] RS skl gldlen, 5
oje it Moke waAEA| B3THFig. 7, A). 27°C keE=
At ZAEE W SRl S7lehe B43e EA2(Fig. 7,
B), 30°C Z=&roll A= Al v 5] 2o 9 59 @/l o
ERth(Fig. 7, €). go19] ¢ dl274(25°C) 9 24°C =&+
oM Fold et Weks YehA] e 3tth(Fig. 8, A and B).
27°C &Fol A= Aojet S Ul A mAE e W B7%F
o] $7Fsl%a(Fig. 8, C), 30°C ZmEollA= Al A5
AL Y sl 3 2 BHAEES ST E
(Fig. 8, D).

o] z2ehA Wk A, 2|01 9] A9 t274(22°C) % 24°C
EETolA s UREARI A F2E Holal glglen, 1t
Al Zeto] 2l S2)0] e )ek(Fig. 9,A). 27°C =&
oA A= ) SEtol Al F2jo] Frleke Ade BALL
(Fig. 9, B), 30°C =&l A= AAH o2 1Al 35 &
&R A W e AdEEe] W th(Fig. 9, O).
go1e] 4¢ t27(25°C) % 24°C leEoll A= ol wigt
o= UEhubA] Qtch(Fig. 10, A and B). 31417 27°C =5
Toll A AR A2 55 9 AAF A Ae] el aL(Fig. 10, C),
30°C =& ol A= A Al & o] W ) tk(Fig. 10, D).
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Fig. 5. Plasma cortisol levels of juvenile whitespotted conger Con-
ger myriaster acutely exposed to various water temperatures for 96
hours. The data are represented as the mean+SEM. The different
letters indicate statistically significant differences between groups
(P<0.05).
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Fig. 6. Plasma cortisol levels of adult whitespotted conger Conger
myriaster acutely exposed to various water temperatures for 96
hours. The data are represented as the mean+SEM. The different
letters indicate statistically significant differences between groups
(P<0.05).

TH(Eissa and Wang, 2016).

*=o](Dicentrarchus labrax) | °]& 16-21°Coll $422 4%
& et A3t % cortisol FE7F 57FF 0, 21°Cel
A | AH0] Z7b81% 31(Giroux et al., 2019), 8, 14, 24 11 32°C
o] 30 53t &3t A3 E5 cortisol F= 57+ 32°Cof|A|
AAZF 7 47F R E Qi ck(Islam et al., 2020). E3t @ x| (Parali-
chthys olivaceus)= 20,29 9 32°Co] 3d Bt gAo 2 =&
3 A3t 29 9 32°Coll A E A A&l o lal(Liu et
al., 2017; Kim et al., 2019), 13-25°Co]| 48417t B¢ G4 o=
2% B2 7)40](Oncorhynchus mykiss)ol| A= 558 #|

87} 131 lc(Curric et al,, 2013). 2 10 4] Xo]e} Ao}
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Fig. 7. Histology of gills of juvenile whitespotted conger Conger myriaster acutely exposed to various water temperatures for 96 hours. A,
control (22°C) and 24°C, no significant structural changes were observed; B, 27°C, increased blood flow within gill lamellar capillaries (*);
C, 30°C, gill lamellar epithelium lifting (L) and fusion (F). Gf, gill filament; G, gill lamella. Scale bar, 100 um (A-B), 50 um (C).
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Fig. 8. Histology of gills of adult whitespotted conger Conger myriaster acutely exposed to various water temperatures for 96 hours. A,
control (25°C) and B, 24°C, no significant structural changes were observed; C, 27°C, increased blood flow within gill lamellar capillaries
(*); D, 30°C, gill lamellar fusion (F), gill lamellar necrosis (N) and increased secretory cells (Sc). Gf, gill filament; Gl, gill lamella. Scale
bar, 100 pm.
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Fig. 9. Histology of liver of juvenile whitespotted conger Conger myriaster acutely exposed to various water temperatures for 96 hours. A,

control (22°C) and 24°C, weak glycogen accumulation in hepatocytes (*); B, 27°C, strong glycogen accumulation in hepatocytes (**); C,
30°C, hepatocellular condensation (C), vacuolization (V). Scale bar, 100 um.

Fig. 10. Histology of liver of adult whitespotted conger Conger myriaster acutely exposed to various water temperatures for 96 hours. A,
control (25°C), glycogen accumulation in hepatocytes (*); B, 24°C, glycogen accumulation in hepatocytes (**) and vacuolization (V); C,
27°C, hepatocellular condensation (C), necrosis (N); D, 30°C, macrophage (M). Scale bar, 100 pum.
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Table 2. Research on stress responses of aquaculture fish during high temperature stress

Species Stress intensity Stress duration Stress type Fish size (g) Effects References

Atlantic cod, o . o Pérez-Casanova et al.,
Gadus morhua 10-22°C 2h Acute —40¢ Cortisol (22°C) 1 2008

Atlantic salmon, 12-27.5°C 48 h Acute - Heartrate (20°C) 1 Anttila et al., 2014
Salmo salar

Black Sea trout, o . ) o Dengiz Balta et al.,
Salmo trutta labrax 25, 30°C 30 min Acute 184 ¢g Cortisol (30°C) 1 2017
European seabass, o Cortisol (33°C) 1

Dicentrarchus. labrax 24,32°C 10 days Acute 129 Growth (32°C) | Islam et al., 2020
Mozambique tilapia, 22-34°C 2h Acute 14 g Cortisol (34°C) 1 Basu et al., 2001
Oreochromis niloticus

Olive flounder, o HSP70 (26-32°C) 1 .

Paralichthys olivaceus  2032C 3 days Aoute ! Survival (29°C-)|  -uetal. 2017
4o 2 olojZickAmir et al, 2022). £ AT Zojol Aol o]} e AEL G5 Bafol GHAAROl) BET P4
L 27°C ol A op7bu] At A E 3 W) EReke] 57t Z1aE Rl Qo] 7 ss FHE 4 e V2R R
SFAL, 30°C ol A A5 e, 83, AAb 5 24 g2 o= 7| Erh

&4fo] IE AT o] 9F T2 A EAL o] EEH

ZyA5-o](Rhodeus uyekii), 2-4 A5 (Lates calcarifer), 23] Ab AL

E2H(Sebastes schlegelio| A= FUst Autso] HiEQly
(Saber, 2011; Kim, 2015; Amir et al., 2022), 7}~ W& -G48
HAS 543] Al A A7 25N E -85 (Wang et
al., 2022) F Aol FokS v HE A o= Helrt

72 ohaiE] gH, Setol il A%, 4% Y A 55 HY
Sl= T8%t 7| Il 5 AE A 2ol = A 7F
Alzz Al of 2ol 70 w54, ZhA| A il 9 8=, 7HA|
3 3}, A2 -3} 5 theFet BES-S B QItk(Strmac and
Braunbeck, 1999). & ¢+ A} 5 27°C eEollA] Uebd
FEtolZA F2 A4S e AEY A ARA AES 9
Sk thAF ol 2] 9] AfufE Hero 2 AdAfol Hagt o UA| & 7
A FA R ekl whet s dAFo = Harsar ot
(Wang et al., 2022). 32°C2] 420 :=2% W3<E W|7](Clarias
gariepinus)®] 7t A A3 vtf 9 2] A{Khieokhajonkhet et
al., 2022), 32°C2] 4=2-0|| 2% ‘J X|(Paralichthys olivaceus)
of| A 7hA 32 vt W A|ZEAKLiu et al., 2015), 28°C 0]4H] 4=
20 & Zu| B2 (Sebastes schlegeli) | A 7HH| 2] Bt
3w 92 T AH(Jinetal,, 2023) So] HIE| 31 9t o] B
At A1 30°Col| = 5ol Z|ojeh Aol o) 7k 22 W
2 ST AR A2 HofXinh B3 7F2 2] U A4
329 ZHL230°CY o] AXhALY] FAS SV oA
A /g 4ba 0] gt A O 2 ThAE E4F I A ZAFE S
ke 202 Ho(Yoon, 2025), 5ol Al Qlof A=
A2 e Pe= HojEth

2 Ao A BEE, Als W3}, D5 cortisol w5, oF7Fr|ek
7he] Ak B Fal 5ol MY A AR 22 24C
oJsto] L, 27°CE AAFL, 30°CE SAF o ket

H=Bo 2025\ SEAER SARAE AT AR (53]
ALt 2ol SRR Al 714 ZiE, R2025026) A7
Al el oJaf == YTk
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