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Critical Low Temperature and Response of Behavioral Tolerance in
Red Seabream Pagrus major fingerlings Exposed to Cold Shock

Sung Jin Yoon
Ulleungdo-Dokdo Ocean Science Station, Korea Institute of Science and Technology

2 % E ATE AESYSEUEZGAIAH(CBMS)E AMESt] AL FZ0 &H &5 Pagrus major 2019

gt A 2 2 P5 WA S FEsHh AEAES FF2 8.0~20.0C F2FA 1247k
24X7F mity Zbzk 20T 4.0TH sHFAIZIH #ESIAT FE Xole 12.0C olstE f20] sPge B 2
LEAZI W Zo] TAgGlol fYEEo] FAsta FAUF wEEE EQMYe gEuHo] T Edt
8.0~10.0C 420 &d AES |F92 F43] AstEo] 2 HEA HEZE ofX|A ¥HE P5-& HI

o d¥olRe A a2 AEHL I Bol A= 50 %t AEIALH, AL FH(cold shock) & 6/\]7? 0|
ol BE A7 Agstaich. E3 FEALBDE FA0] #aston #olAL(CV)9] HEWsh= ZHo

=]
Zo] & ﬁgg A o*E}(p<0.05. = 20j9] AL AEHAL 120CE AAR £AHH, 8.0~10. ocA
S GEA7IE YATHAIR Ao g SAHT

Abstract The critical low temperature and response of the behavioral tolerance of red sea bream Pagrus
major fingerlings were determined using the continuous behavior monitoring system (CBMS). The
behavior of the experimental organisms was observed by decreasing the water temperature by 2.0C and
4.0C every 12 hours and 24 hours in the range of 8.0-20.0C. An unstable behavior pattern was observed
in red seabream fingerlings exposed to water temperatures below 12.0C, in which the swimming activity
decreased and repeatedly stopped, regardless of the exposure time and water temperature fluctuation.
The swimming ability of the organisms exposed to 8.0-10.0C decreased sharply, and the behavior of
staying at the bottom of the test tank was observed. Only 50 % of the organisms survived due to the
low-temperature stress, and all individuals died within six hours after the cold shock. In addition, the
behavior index (BI) decreased rapidly, and the amplitude change of the coefficient of variation (CV) was
found to have a greater variation than the other water temperatures (p<0.05). Low-temperature stress of
red sea bream is promoted at 12.0C, and it is interpreted as the tolerance limit, which can induce a

sublethal response of the organisms exposed to cold shock of 8.0-10.0C.

Keywords : Cold Shock, Critical Low Temperature, Stress, Sublethal Response, Behavioral Tolerance, Red
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Table 1. Score distribution for each of the three

behavioral variables applied to the

behavior index calculation

Factor Distance Speed Fractal

Score (pixel) (pixel/sec) dimension
0.00 0.00 0.00 0.00
0.10 0.40 4.00 0.20
0.20 0.80 8.00 0.40
0.40 1.60 16.00 0.80
0.50 2.00 20.00 1.00
0.60 2.40 24.00 1.20
0.70 2.80 28.00 1.40
0.80 4.00 35.00 1.60
1.20 5.00 40.00 1.70
2.00 6.00 45.00 1.80
4.00 7.00 50.00 1.90
6.00 8.00 55.00 2.00
o 4
4 9
R <
o smvanas | Ee—

Direction of water flow (inflow)

Direction of water flow (inflow)

Fig. 1. Schematic (not to scale) of apparatus used
to observe behavioral pattern in the test
organisms. 1: reservoir container, 2: aqua
pump, 3: water support chamber, 4: test
chamber, 5: temperature sensor, 6: light
emitting diode (LED), 7: camera tracking
direction, 8: web-camera, 9: computer for
data storage
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Table 2. Experimental conditions for measure the behavior response of the red seabream in the three
temperature regimes. Seabream (n=200) measured 28.2+4.1mm (mean+SD) in total length and
0.38+0.14 gwwt in wet weight. Statistical values were computed for each batch from 17,279-37,248
data points measured. Test was measured in constant lightness and water temperature

Constant Exposure to temperature changes  Exposure to temperature changes

condition of 4T=2.0C/12h of 4T=4.0C/24h
Real temperature range (C) 19.9-20.2 8.0-22.0 8.1-20.4
Salinity (psu) 31.1-31.2 31.0-31.3 31.1-31.4
Oxygen saturation level (%) 90.0» 90.0y 90.0»
Volume of test chamber (L) 115 115 115
Volume of test seawater (L) 7.5 7.5 7.5
Flow rate (ml min™) 416.7 416.7 416.7
Duration (h) of the experiment 48.0-51.8 95.1-103.1 87.9-95.9
Number of points measured 17,279-18,406 34,251-37,248 31,669-34,549
Number of experiments 3 3 3
Total length (mm, mean#SD) 28.1£3.5 28.3+4.7 28.1£3.5
Wet weight (gwwt, mean#+SD) 0.35+0.18 0.39£0.16 0.37+0.14
Total number of test animals 12 12 12
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2. Time series of the behavioral patterns of groups of 4 fasted seabream fingerlings during 48h. The

experiments were conducted in constant lightness at 20.0£0.1C and over 90 % oxygen saturation level.
Mean BI curves through the center of the data used a weighted smooth curve of 2 %
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Fig. 3. Changes of behavioral Index of groups of 4 fasted seabream fingerlings, which were subjected to
temperature decreases from about 20.0 to 8.0C (4T=2C/12h). Mean BI curves through the center of
the data used a weighted smooth curve of 2%. Dotted line boxes indicate the water temperature range
that shows the stress responses of test animals exposed to low water temperature
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Fig. 4. Changes of behavioral Index of groups of 4 fasted seabream fingerlings, which were subjected to
temperature decreases from about 20.0 to 8.0C (4T=4C/24h). Mean BI curves through the center of
the data used a weighted smooth curve of 2%. Dotted line boxes indicate the water temperature range
that shows the stress responses of test animals exposed to low water temperature

59 A4Skt E9F Fig. 4D (o)ofl HERd vie 2 000
0] 9.2~8.5C 20 k&4 ¥ A= 42 547l A

ASHA=H, #958 At H FARE JH= = 6
oA HEEE oA HhE: PES HIoH, A 2
SEF A0 Hiet ol ofekEle] BE2] 50 %7t A
SHATE FF Aol= 85T ofst Aol A&Hor =&
HHA A3 ZAAS] 100 %7 AFgSHRCh

0.04 4

Mean behavior index

3.4 277148 &E X069 dWSK| Hw

Fig. 5A0lA] Hi= Hiel o] 4T=2.0C/12h ¥l
A 2e7zkd W@ B 200C  $20A4 I
0.012~0.013(£0.004), 14.0C2} 12.0C F7o|M= A i
9| Zpol= U2 0.015(+0.005)E A=At 10.
0C 719 Bl 0.013+0.008% tha: W2 3¢S B
Fom, 8.0CE 2 sPFAIX] £ 0.003+£0.0042 &
A3 A5t} Fig. 5BE 4T=4.0C/24h A¥olA
245 232 Y loh 20.0C 16.0T =20
A ZRE) B Ble fARE @& Byen, 12.0C olst Temperature range ’
A 2 A0AEe T Hasieitt 12.0C 1

0.04 + 4 l

Mean behavior index

o = o Fig. 5. Comparison of mean BI of red seabream Pagrus
A A =2 3y
9 Bl= 0.016+0.005% 4% Atolg HloH, 80T major fingerlings by each experimental
A= 0.002+0.0042 FF351A 745 regime at different temperature

580



A2 349 &9 FE Pagrus major X°19] YA A £ 4 F5 WA vH3

[CJ12h [ 24h ---# - Difference

Coefficient of variation (CV)
w“

Temperature('C)

Fig. 6. Comparison of the coefficient of variation in
the behavior index of experimental
organisms by exposure time according to the
drop in water temperature

Fig. 6= AYES] H+ BIot 2FHA ARE v
07 AEH $£27HE WHolA(CV: coefficient of
variation, ©]3} CV)E HojF1l Qth 12417 =243
A3 CV= 12.0C Ho} 52 F204= & Aol& Ho|
A g} ot 8.0C kEolAE 13322 F45H
S7FFAT 24417 =& ARANE AR HFS H
=t 12.0~20.0C F#79] CV+= 0.30~0.35 H9I& &
Zfo]E HolA] eFgkot 8.0C A= 2.002 & &=
2 2 ZolE Bk 24A12 AE AT} 8.0~10.
0T A] =287 CVY HE L2 B 2711HT &
Ao 2 EAHAHpC0.05).

4. 4=
CBMSS ol83to] B8 169 PEofeie VA 2
3} 3 Aoje) B 4¥27] MO Z7HsHe 1

AAAQ1 B S Bt o9}t T2 P52 2ujE=
(Sebastes schlegel)d &8 &I HSAR|(Oryzias
latipes)®] 27] FPFo|ME TAEET, o= 24 d
237 233704 YEh+= handlingell o3t 8=
o] IAH AEFA vk AFE SfAEQITH22,29]. &
AollA Fm oY YA 27] P2 200 &
Sot7] fgt FeHhSo R WHE U E3 THEAES
Bl A2 = 2|0l 27] A3 Al B 12417t
7V AQEE ACE BEAEQ

E A4 20.0ColA 8.0T7HA] #=2& sHFAI7]
o & 209 FeueS JATt A3t 4T=2.0C/12h
AYofA FES 542 13.4TCoNA FBA 57t Fof
A (peak)ell =L ¥ 10.5C $27H] &

AN Z O
Aot} YB Lo A gilthead sea breame

=

T

581

ol @ojAd |2 FoE 35, 4 2EH A F tiap]
5 Astet 22 Al 7] AAQ I Eed, ol
A7 A 22 12.0~13.0C HHQl 2R A
ISFATH34]. ERE = A ol= 10.0CoA A 2
Zof| ot AEH AR QI3 FdHQ Yol wHE
o] #9EF }l°o] = vl vFE P52 EI o
oF 22 W2 & Fo] A2 oI AU olixE 2
310 AE MRS AFAT I AL AfeR siME

tH35]. & AolA 10.0TolA 8.0CE 40| shst
HAE Aole A 2ol Wik W Al =gste] A
goks WA E8skdET, ol 8.0~10.0C 273t
o] AZ 54 Ed AF Aol ofA A WS

Al7le B35 W8 AR AeE watErh 4T=4.0T
/24h A¥ZAT} 12.0C oo} 20 =28 & XolY
@2 Bl 12.0C7F BE9] HoldH o A3t 2
Aoz Hie Aztel IR cHI2].

= Aole A 4220 it HiA} JAG20] 5.0~9.1C
HolH[36,37], =20 ATslA 8.0CE HolXHA
HAks YebA] kot 4=20] 4lsHA BstH 7.0C 4
oA HAkgithal B rE]ITH38]. o2 2ol o 79
A d WA e ¢SREEREHY S2W
23} A2 =EAT| FIFE ol AR EsES 9
Aoz wotE .

B Ao 9.2~85C 20 LE2H &

Sl A] O
[CRlts w

o]

fr ol 1

2 Aol
4% 9Hgion, 85T olsh f20] A%
Hog wERA 48 A 100 %7 Atk 4
28h70] w2 ojfol o] 43 5] Ak A 42
$70] ofst AEeAc] A AFolth3ol EAE 24
Sl SR 20| 20.0CA BOCE oA B

718 SA7F B HEEH, vigo] MR = F52
HHTH34,40]. ¥4(cold water)= oF9 &% 7%

Ao, B3 24 55, AL A Aol o3t 417 7]
5 Aol 2 Ui gE 249 AA T Goll it 59
WAl (thermal tolerance) WSHA|ZItH41]. o]o] &=
T 22 2479 ojF2 A T HABOR Q) A 2
ol A7t =2HTHE tiFF HApL dAste] oF4l
Ao & 5iE & Ao= wdr) 271 Cve
8.0~10.0C FZollM e&s23 TA§lo] B 2K}
HE Zo] Z ZoE BEAEIHp0.05). °l<k Zo] A
o thet s X019 PEEES 2 WA} =

R = =) 1l O

X1 S EeN

= 0=

Bk

. ERE12.0T

Wefshs 99 Age e Aow

S8 olste] FHAUA S



AS1E =g A2 A1E, 2021

?F

!

o vy e
o [0
)

lo

A=

=

ﬁi;ﬂ 2 &

#lol9] A
2359, 80~100C9) 57
tat ob AL HhS
o olgt e Bk F4 olFel FA HAUL F9
A 32l ST o Ackel ANEE

24 PP A 71 T1eig 5

W B8 7L B Ao mEEt,

]_

flo

™

L

]_

=
ox,
ro(r
2,
r

ol

rl

12

References
[1] T. J. Bowden, “Modulation of the immune system of
fish by their environment”. Fish & Shellfish

Immunology, Vol.25, No.4, pp.373-383, 2008.
DOI: http://dx.doi.org/10.1016/i.fsi.2008.03.017

[2] B. Basurco, A. Lovatelli, B. Garcia, “Current status of
Sparidae aquaculture”, In: M. A. Pavlidis, C. C.
Mylonas (eds) Spadidae-biology and aquaculture of
gilthead sea bream and other species, Blackwell

Publishing, 2011, pp.1-50.

A. M. Azab, M. A. Mousa, N. A. Khalil, H M. M.
Khalaf-Allah, R. T. M. Mabrouk, “Effect of
temperature and salinity on larval growth of the
gilthead seabream, Sparus aurata’ International
Journal of Environmental Science and Engineering,
Vol.6, pp.35-46, 2005.

D. Debnath, A. K. Pal, N. P. Sahy, K. Baruah, S.
Yengkokpam, T. Das, S. Manush, “Thermal tolerance
and metabolic activity of yellowtail catfish Pangasius
pangasius (Hamilton) advanced fingerlings with
emphasis on their culture potential’, Aquaculture,
Vol.258, No.1-4, pp.606-610, 2006.

DOL: http://dx.doi.org/10.1016/j.aquaculture.2006.04.037

M. Kir, M .C. Sunar, B. C. Altindag, “Thermal tolerance
and preferred temperature range of juvenile meagre
acclimated to four temperature”. Journal of Thermal
Biology, Vol.65, pp.125-129, 2007.

DOI: https://doi.org/10.1016/j.jitherbio.2017.02.018

K. J. Oyen, S. Giri, M. E. Dillon, “Altitudinal variation
in bumble bee (Bombus) critical thermal limits”,
Journal of Thermal Biology, Vol.59, pp.52-57, 2006.

DOI: https://doi.org/10.1016/j.jtherbio.2016.04.015

H. K. Hwang, K. I. Park, S. W. Park, M. S. Choi, E. O.
Kim, J. W. Do, B. S. Oh, “Physiological response of
juvenile red sea bream Pagrus major exposed to low
temperature shock”, Bulletin of European Association
of Fish Pathologists, Vol.32, No.1, pp.34-40, 2002.

(3]

(4]

(5]

(0]

(71

[8] L. S. Procarione, T. L. King, “Upper and lower

582

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

temperature tolerance limits for juvenile red drums
from Texas and South California”, Journal of Aquatic
Animal Health, Vol.5, No.3, pp.208-212, 1993.

L. Tort, J. Rotllant, C. Liarte, L. Acerete, A. Hernandez,
S. Ceulemans, P. Coutteau, F. Padrés, ‘Effect of
temperature decrease on feeding rates, immune
indicators and histopathological changes of gilthead
sea bream Sparus aurata fed with an experimental
diet”, Aquaculture, Vol.229, No.1-4, pp.55-65, 2004.

DOI: https://doi.org/10.1016/S0044-8486(03)00403-4

W. S. Kim, S. J. Yoon, J. M. Kim, J. W. Gil, T. W. Lee,
“Effects of temperature changes on the endogenous
rhythm of oxygen consumption in the Japanese
flounder Paralichthys olivaceus’, Fisheries Science,
Vol.71, pp.471-478, 2005.

DOIL: https://doi.org/10.1111/1.1444-2906.2005.00990.x|

A. TIbarz, M. Beltran, ]. Fernandez-Borras, M. A.
Gallardo, J. Sanchez, J. Blasco, “Alteration in lipids
metabolism and use of energy depots of gilthead sea
bream (Sparus aurata) at low temperature’,
Aquaculture, Vol.262, No.2-4, pp.470-480, 2007.
DOI: https://doi.org/10.1016/j.aquaculture.2006.11.008

M. Remen, “Effect of temperature on the metabolism,
behaviour and oxygen requirements of Sparus aurata’
Aquaculture Environment Interactions, Vol.7, No.2,
pp.115-123, 2015.

DOI: https://doi.org/10.3354/aei00141

T. A. Ellis, J. A. Buckel, J. E. Hightower, S. J. Poland,
“Relating cold tolerance to winterkill for spotted
seatrout at its northern latitudinal limits”, Journal of
Experimental Marine Biology and Ecology, Vol.490,
pp.42-51, 2017.

DOI: https://doi.org/10.1016/j.jembe.2017.01.010

Y. K. Shin, Y. D. Kim, W. J. Kim, “Survival and
Physiological Responses of Red Sea Bream Pagrus
major with Decreasing Sea Water Temperature”,
Korea Journal of Ichthyology, Vol.30, No.3,
pp.131-136, 2018.

DOL: https://doi.org/10.35399/1SK.30.3.1

A. M. Gallardo, M. Sala-Rabanal, A. Ibarz, F. Padrés, J.
Blasco, ]J. Fernandez-Borras, J. Sanchez, “Functional
alterations associated with “winter syndrome” in
gilthead sea bream (Sparus aurata)’, Aquaculture,
Vol.223, No.1-4, pp.15-27, 2003

DOL: https://doi.org/10.1016/S0044-8486(03)00164-9

G. Barnabé, “Rearing bass and gilthead sea bream”, In:
G. Barnabé (ed) Aquaculture, vol.2, Ellis Horwood,
London, pp.647-686, 1990.

J. Forget, J. F. Pavillon, M. R. Menasria, G. Bocquené,
“Mortality and LC50 values for several stages of the
marine copepod  7igriopus brevicornis (Miiller)
exposed to the metals arsenic and cadmium and the
pesticides atrazine, carbofuran, dichlorvos, and
malathion”, Ecotoxicology and Environmental Safety,
Vol.40, pp.239-244, 1998.

DOL: https://doi.org/10.1006/eesa.1998.1686




340 =28 HF Pagrus major 019 94 A L 9 FF5 WA s

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

T. P. Hurst, B. H. Key, P. A. Ryan, M. D. Brown,
“Sublethal effects of mosquito lavicides on swimming
performance of larviorous fish  Melanotaenia
duboulayi (Atheriniformes: Melanotaeniidae)”, Journal
of Economic Entomology, Vol.100, No.l, pp.61-65,
2007.

DOLI: https://doi.org/10.1093/jee/100.1.61

E. E. Fountoulaki, M. N. Alexis, I. Nengas, “Protein and
energy requirements of gilthead bream (Sparus aurata
L.) fingerlings: Preliminary results”, In: D. Montero, B.
Basurco, I. Nengas, M. Alexis, M. Izquierdo (eds).
Mediterranean fish nutrition. Zaragoza: CIHEAM,
pp.19-26, 2005.

M. K. Sabullah, S. A. Ahmad, M. Y. Shukor, A. J.
Gansau, M. A. Syed, M. R. Sulaiman, N. A. Shamaan,
“Heavy metal biomaker: Fish behavior, cellular
alteration, enzymatic reaction and proteomics
approaches”, International Food Research Journal,
Vol.22, No.2, pp.435-454, 2015.
http://www.ifrji.upm.edu.my

W. J. Rowland, “Studying visual cues in fish behavior:
a review of ethological techniques’, Environmental
Biology of Fishes, Vol.56, pp.285-305, 1999.

S. J. Yoon, C. K. Kim, J. G. Myoung, W. S. Kim,
“Comparison of oxygen consumption patterns
between wild and cultured black rockfish Sebastes
schlegeli’, Fisheries Science, Vol.69, No.1, pp.43-49,
2003.

DOI: https://doi.org/10.1046/i.1444-2906.2003.00586.x

S. Fukuda, I. J. Kang, J. Moroishi, A. Nakamura, “The
application of entropy for detecting behavioral
responses in Japanese medaka (Oryzias latipes)
exposed to different toxicants’, Environmental
Toxicology, Vol.25, No.5. pp.446-455, 2010.

DOI: https://doi.org/10.1002/tox.20589

J. Chevalier, E. Harscoet, M. Keller, P. Pandard, ]J.
Cachot, M. Grote, “Exploration of Daphina behavioral
effect profiles induced by a broad range of toxicants
with different modes of action”, Environmental
Toxicology ~— and Chemistry, Vol.34, No.8,
pp.1760-1769, 2015.

DOI: https://doi.org/10.1002/etc.2979

R. M. Ross, W. F. Krise, L. A. Redell, M. Bennett, “Effect
of dissolved carbon dioxide on the physiology and
behavior of fish in artificial streams’, Environmental
Toxicology, Vol.16, No.1, pp.84-95, 2001.

Z. Ren, J. Zha, M. Ma, Z. Wang, Gerhardt A. “The early
warning of aquatic organophosphorus pesticide
contamination by on-line monitoring behavioral
changes of Daphnia magna’  Environmental
Monitoring and  Assessment, Vol.134, No.1-3,
pp.373-383, 2007.

DOI: https://doi.org/10.1007/s10661-007-9629-y

B. Niu, G. Li, F. Peng, J. Wu, L. Zhang, Z. Li, “Survey
of fish behavior analysis by computer vision”, Journal
of Aquaculture Research & Development, Vol.9, No.5,

583

[28]

[29]

(301

311

1321

(331

(34]

[35]

(36l

1371

pp.1-15, 2018.
DOI: https://doi.org/10.4172/2155-9546.1000534

F. Yuan, Y. Huang, X. Chen, E. Cheng, “A Biological
sensor system using computer vision for water quality
monitoring”, IEEE Access, Vol6, pp.61535-61546,
2018.

DOL: https://doi.org/10.1109/ACCESS.2018.2876336

S. J. Yoon, G. S. Park, “Toxicity and behavioral
changes of medaka (Oryzias Ilatipes) by brine
exposure”, Journal of the Korean Society of
Oceanography, Vol.16, No.1, pp.39-51, 2011.

DOI: https://doi.org/10.7850/ks0.2011.16.1.039

I S. Kwak, T. S. Chon, H. M. Jang, N. Chung, J. S. Kim,,
S. C. Koh, S. K. Lee, Y. S. Kim, “Pattern recognition of
the movement tracks of medaka (Oryzias latipes) in
response to sub-lethal treatments of an insecticide by
using artificial neural networks’, Environmental
Pollution, Vol.120, pp.671-681, 2002.

DOI: https://doi.org/10.1016/80269-7491(02)00183-5

J. Widdows, A. J. S. Hawkins, “Partitioning of rate of
heat dissipation by Mytilus edulis into maintenance,
feeding and growth components’, Physiological
Zoology, Vol.62, pp.764-784, 1989.

DOI: https://doi.org/10.1086/physzool.62.3.30157926

W. S. Kim, S. J. Yoon, H. T. Moon, T. W. Lee, “Effects
of water temperature changes on the endogenous and
exogenous rhythms of oxygen consumption in glass
eels Anguilla japonica’, Marine FEcology Progress
Series, Vol.243, pp.209-216, 2002.

DOI: https://doi.org/10.3354/meps243209

W. S. Kim, S. J. Yoon, J. W. Kim, J. A. Lee, T. W. Lee,
“Metabolic response under different salinity and
temperature conditions for glass eel Anguilla
japonica’, Marine Biology, Vol.149, pp.1209-1215,
2006.

DOL: https://doi.org/10.1007/s00227-006-0293-5

A. Ibarz, F. Padrés, M. A. Gallardo, F. Fernandez-
Borras, J. Blasco, L. Tort, “Low-temperature challenges
to gilthead sea bream culture: review of cold-induced
alterations and ‘Winter Syndrome”™, Reviews in Fish
Biology and Fisheries, Vol.20, pp.539-556, 2010.
DOI: https://doi.org/10.1007/S11160-010-9159-5

L. J. Chapman, D. ]. McKenzie, DJ, “Behavioural
responses and ecological consequences”, In: J. G.
Richards, A. P. Farrell, C. ]. Brauner (eds) Fish
physiology, Vol.27, hypoxia, Elsevier, London, pp.26—
79, 2019.

T. Ford, T. L. Beitinger, “Temperature tolerance in the
goldfish, Carassius auratus’, Journal of Thermal
Biology, Vol.30, No.2, pp.147-152, 2005.

DOI: https://doi.org/10.1016/j.itherbio.2004.09.004

R. S. Dalvi, A. K. Pal, L. R. Tiwari, T. Das, K. Baruah,
“Thermal tolerance and oxygen consumption rates of
the catfish Horabagrus brachysoma (Giinther)
acclimated to different temperatures’, Aquaculture,
Vol.295, No.1-2, pp.116-119, 2009.




SHARSH| &8k =2R] A223 Al1E, 2021

DOL: https://doi.org/10.1016/i.aquaculture.2009.06.034

[38] S. K. Yoo, Mariculture, p.626, Guduk Publishing Co.,
Korea, 2000, pp.570-590.

[39] J. M. Elliot, “Tolerance and resistence to thermal stress
in juvenile Atlantic salmon, Salmo salar’, Freshwater
Biology, Vol.25, No.1, pp.61-70, 1991.

DOI: https://doi.org/10.1111/i.1365-2427.1991.tb00473 x|

[40] M. Sala-Rabanal, J. Sanchez, A. Ibarz, J. Fernandez, J.
Blasco, M. A. Gallardo, “Effects of low temperatures
and fasting on heamatologic and plasma biochemical
profiles of gilthead sea bream (Sparus aurata)’, Fish
Physiology and Biochemistry, Vol.29, pp.105-115,
2003.

DOI: https://doi.org/10.1023/B:FISH.0000035904.16686.b6

[41] H. S. Choi, S. H. Jung, Y. B. Hur, ]J. Y. Yang, “Study on
the winter mass mortality of red sea bream, Pagrus
major in South sea area’, Journal of fish Pathology,
Vol.21, No.1, pp.35-43, 2008.

2 4 Z(Sung Jin Yoon) (&5

+ 19884 8¢ : S YTisty
FBst (34D

20149 29 : FEoishe iyt
3} (o]shEkA

20159 12¢9 ~ 20204 2¥ :
Felgstr|ad AdaTd
20209 3¢ ~ @A : St
s)&d ALY

o

@gBop
sfepde AR, ANt 942U

ot

584



