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Abstract
The red sea bream Pagrus major is a commercially important aquaculture fish species that inhabits 
the southern coasts of Korea and Japan. During the last decade, abnormally low winter temperatures 
have been recorded along the south coast of Korea, resulting in the mass mortality of P. major in 
cage culture farms. Therefore, to determine the effect of low temperatures on the physiology of P. 
major, changes in the serum biochemical parameters of red sea bream exposed to low temperature 
shock were investigated. Juvenile P. major were reared in water at temperatures of 7°C, 10°C, or 
13°C, and concentrations of serum protein, glucose, aspartate aminotransferase (AST), sodium 
(Na), chloride (Cl), potassium (K), and cortisol, were measured for 15 days. Serum glucose, AST, 
and cortisol concentrations were significantly higher at cold temperatures, whereas serum protein 
and K concentrations were reduced. In particular, significant differences in the serum concentra-
tions of protein, glucose, and cortisol were observed in response to cold water shock, suggesting 
that these parameters are clinically relevant for assessing the effects of cold water shock in P. major. 
Furthermore, new cage culture management techniques for fish species are needed in the southern 
waters of Korea during winter to avoid mass mortality. 

The Sparidae family of fish includes approxi-
mately 20 species worldwide. However, 2 spe-
cies—the European gilthead sea bream (Sparus 
aurata) and the Asian red sea bream (Pagrus 
major)—account for more than 75% of world 
production (Basurco et al., 2011). With its ap-
pealing taste, the sea bream is a highly valued 
fish and is of commercial importance for the 
Korean and Japanese fishing industries (Kato 
et al., 2002). Moreover, the rate of production 
continues to increase, and Korea alone produced 

approximately 9,000 tons through cultivation 
and capture methods in 2009 (Mifaff, 2011). 

The north Mediterranean gilthead sea bream is 
sensitive to cold water, which results in mass 
mortality in intensive aquafarms when the 
water temperature drops to below 13°C (for a 
review, see Ibarz et al., 2010b; Tort et al., 2011). 
This episode is known as “winter syndrome” 
or “winter disease” (Bilei et al., 1996; Tort et 
al., 1998). Winter syndrome produces a stress 
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response in affected fish, which stop feeding 
and exhibit abnormal behavior, modification 
of pigmentation pa�ern, histopathological 
changes, and physiological alterations (Ibarz 
et al., 2003; 2010a; 2010b; Kyprianou et al., 2010). 
Moreover, while winter syndrome generally 
produces mortality rates of 7%–10%, they may 
be as high as 80% in acute cases, resulting in 
large economic losses (Padros et al., 1998). 

Mass mortality of red sea bream in Korean 
waters during the winter has occurred several 
times over the last few years. In particular, 
Chang (2002) reported that while P. major is 
lively with respect to feeding and growth in 
water temperatures above 20°C, fish display 
reduced motion at temperatures below 15°C. 
Moreover, P. major rarely eat below 10°C, sug-
gesting that these phenomena represent a 

“winter syndrome” similar to that observed in 
Europe. In particular, 3 distinct mass mortality 
events have recently been reported in 2000, 2003, 
and 2006. During these periods, the die-off rate 
of cultivated red sea breams ranged between 
10%–50% for each winter season (Choi et al., 
2002; Choi et al., 2008; NFRDI, 2009). Despite 
large economic losses associated with mass 
mortality of P. major in the winter season, the 
physiological response to cold water stress has 
not been adequately studied. Thus, the aim of 
the present study was to evaluate changes in 
the blood chemistry and plasma cortisol levels 
in red sea breams exposed to low temperature 
water and compare these results with winter 
syndrome in Europe.

Red sea breams were produced in a local hatch-
ery in May 2008 and reared in cages at a fish 

Figure 1. Map showing the sampling area (arrow represents the sample site).



36, Bull. Eur. Ass. Fish Pathol., 32(1) 2012

farm before being transported to the laboratory 
in December 2008 for use in research (Figure 1). 
Fish were kept in water tanks with a volume of 
2 tons (ø 2 m; depth 1.5 m) filled with 33 ppt and 
13°C seawater for 2 weeks to allow acclimation. 
The length and weight of the fish at the time of 
introduction were 18.2–19.1 mm and 104.9–114.7 
g, respectively (Table 1). Three water tanks were 
used, each containing 50 fish. The water was 
maintained at a different temperature in each 
tank: Tank A, 13°C; Tank B, 10°C; and Tank C, 
7°C. Fish were not fed during the experimental 
period; however, a second tank at 13°C (Tank 
A-1) was maintained to allow feeding with 
artificial fish feed. Fish in Tank A-1 were fed 50 
g/day of extruded pellets, accounting for a daily 
feeding rate of 0.8%. Water temperature in each 
tank was decreased to specific temperatures 
during a 1-day period, and blood analysis was 
conducted 5 times—1 day before exposure of the 
fish to different water temperatures, and 4, 7, 10, 
and 14 days a�er exposure. Blood samples were 
collected using heparin-treated syringes from 
5 fish selected from each tank and centrifuged 
(4°C, 16,000 g, 5 min) to separate plasma. Prior 
to blood withdrawal the fish were submerged in 
anesthesia (MS-222) at a concentration of 1 g/10 
L for 2 min. Subsequently, the concentrations 
of total protein, glucose, AST, Na, and K were 
determined according to the methods reported 
by Jung et al. (2006). Cortisol was quantified 
with a counter (1470 Wizard; PerkinElmer, 

Finland). Significance tests were conducted 
using ANOVA and SPSS 10.1 so�ware.

Changes in the blood composition of red sea 
breams exposed to low temperatures over 14 
days are shown in Table 2. In particular, sig-
nificant decreases in the levels of total protein, 
and K were observed in fish exposed to the 
lowest temperature of 7°C, whereas the levels 
of glucose, AST, and cortisol showed significant 
increases. However, the concentrations of Na 
and Cl remained unchanged. Variations in the 
serum parameters due to feeding were insig-
nificant; limited variation was seen only for the 
total protein. Moreover, in comparison with the 
group exposed to a temperature of 13°C, no vari-
ation in total protein level was observed among 
the test groups until the fish were exposed to 
7°C for at least 4 days. Thus, these results show 
that greater variations in blood parameters cor-
relate with longer exposure times. Significant 
variation in glucose and cortisol concentra-
tions was noted in the test group 4 days a�er 
exposure to water at 7°C. However, difference 
in AST was not significant until the fish had 
been exposed to 7°C for 14 days, a�er which 
significant increase in AST levels was observed. 
In contrast, the K content decreased a�er 7 days 
of exposure to low temperature. 

The data indicate significant alterations in the 
physiological response of P. major cultured at 

Table 1. Average total length (mm) and weight (g) of Pagrus major in groups exposed to water at cold 
temperatures.

Group A (13°C)
A-1 (13°C with 
feed)

B (10°C) C (7°C)

TL(mm) ±SD/
WW (g) ±SD

18.2±0.5/ 
104.9±11.4

19.1±1.3/ 
114.7±21.0

18.5±0.6/ 
103.2±15.5

18.8±0.8/ 
108.4±13.7
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Table 2. Variation in the serum parameters of Pagrus major exposed to water at cold temperatures.

Period 
(days)

A (13°C)
A-1  

(13°C with feed)
B (10°C) C (7°C)

Protein
(g/dL)

Control 3.10±0.42 3.35±0.64 3.23±0.25 3.30±0.30 
4 3.56±0.22 b 4.34±0.32 c 2.53±0.57 a 2.60±0.40 a 
7 3.35±0.17 b 4.14±0.36 c 3.20±0.10 b 2.60±0.51 a 
10 3.48±0.10 c 4.03±0.31 d 2.86±0.15 b 2.54±0.18 a 
14 3.44±0.48 c 4.48 ±0.73 d 3.08±0.53 b 2.48±0.44 a 

Glucose
(mg/dL)

Control 37.00±8.49 45.50±6.36 44.25±7.27 41.50±2.89 
4 48.60±6.15 a 59.80±7.09 a 43.40±12.74 a 108.80±17.54 b 
7 53.60±9.71 a 47.50±0.71 a 49.80±9.20 a 210.20±100.83 b 
10 50.00±1.63 a 55.20±17.38 a 58.80±7.12 a 242.25±58.72 b 
14 53.40±7.37 a 70.00±7.2 a 55.60±7.02 a 236.25±66.78 b 

AST
(U/L)

Control 8.50±0.71 21.50±12.02 18.25±17.21 10.25±5.56 
4 10.50±4.20 12.40±8.08 23.33±11.93 27.50±19.21 
7 30.75±15.11 14.00±4.58 41.25±31.38 13.00±2.58 

10 35.25±5.91 75.67±36.12 71.00±4.24 79.00±63.26 

14 61.50±30.25 a 31.60±6.19 a 55.33±49.33 a 200.00±142.21 b 

Na
(mmol/L)

Control 184.00±1.41 188.00±15.56 189.67±2.52 191.75±2.22 
4 197.20±16.59 204.00±7.07 185.80±17.64 184.00±1.41 
7 204.20±19.64 203.00±10.44 202.40±22.40 197.00±17.53 
10 206.00±14.45 200.33±4.51 200.00±6.16 190.00±18.24 
14 200.60±21.00 202.25±4.99 203.60±17.49 191.00±2.16 

K
(mmol/L)

Control 3.35±1.06 3.20±0.57 2.15±0.83 2.00±0.57 
4 3.40±1.02 3.96±0.50 3.50±0.85 2.85±0.82 
7 4.60±1.39 b 5.68±1.33 b 2.53±0.15 a 2.33±0.21 a 
10 5.35±0.79 b 5.94±1.15 b 4.68±1.56 ab 3.27±0.67 a 
14 5.70±0.43 b 5.23±0.51 c 4.00±0.77 b 2.58±0.74 a 

Cl
(mmol/L)

Control 167.50±3.54 170.00±14.14 177.50±13.72 171.75±2.99 
4 179.00±16.91 185.80±6.91 170.40±14.60 167.40±3.21 
7 187.60±18.45 177.25±16.11 173.75±5.74 185.20±15.35 
10 191.00±15.06 175.40±10.31 182.80±9.07 184.20±21.94 
14 185.40±20.06 178.00±4.18 182.75±10.44 176.50±2.65 

Cortisol
(μg/dL)

Control 0.20±0.00 0.24±0.06 0.35±0.27 0.20±0.00 
4 0.29±0.18 a 1.76±0.51 a 0.89±0.29 a 7.70±4.52b 
7 0.38±0.40 a 0.44±0.54 a 0.23±0.04 a 7.17±4.95b 
10 0.42±0.39 a 0.65±0.32 a 0.32±0.26 a 7.42±4.65b 
14 0.20±0.00 a 0.59±0.78 a 0.29±0.20 a 5.98±3.41b 
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low temperatures, particularly at 7°C. The most 
significant change in response to reduced water 
temperature was noted in the cortisol levels. 
Indeed, when exposed to stressful conditions, 
fish release cortisol into their blood to induce 
gluconeogenesis, which significantly increases 
the blood glucose content (reviewed by Pan-
khurst, 2011). The liver enzyme AST is sensitive 
indicators of liver function, since it is released 
into the blood under conditions of stress (de 
la Torre et al., 2000). Similarly, although no 
variation was seen until 10 days a�er expo-
sure, a significant increase in AST levels was 
observed 15 days a�er exposure to water at 7°C. 
In contrast, the total protein content gradually 
decreased with decreasing temperatures. This 
could be a�ributed to the fact that fish tend 
not to eat if exposed to temperatures of ≤10°C 
(Chang, 2002). 

The results obtained in the present study are 
consistent with the changes observed in the 
plasma components of gilthead sea bream af-
fected by winter syndrome, suggesting that P. 
major in Korea express similar physiological 
responses to stress (Ibarz et al., 2010b). Observa-
tional data from Tongyeong (where most red sea 
bream farming is conducted in Korea) showed 
that seawater temperatures during 2005–2010 
significantly dropped to 4°C in January, making 
the area unsuitable for red sea bream cultivation 
(Figure 2). To prevent damage associated with 
winter syndrome, Ibarz et al. (2010a; 2010b) pro-
posed several culture management techniques 
such as supplementation with lipid (PUFA)-
enriched diets and minimal handling. In addi-
tion, they introduced a management strategy 
that involved dividing the winter season into 
3 periods (pre-cold, cold, and recovery) and 

Figure 2. Water temperatures in the Tongyeong area during the winters of 2005–2010.
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assigning recommendations to minimize risk 
factors. Therefore, further studies on the ap-
plication of these recommendations to red sea 
bream farming should be conducted to prevent 
mass mortality of sea bream from cold shock. 

Acknowledgements
This study was supported by the NFRDI project 
“Development of offshore tuna farming tech-
nique using wave-resistant cage, RP-2011-
AQ-012.”

References
Basurco B, Lovatelli A and Garcia B (2011). 

Current status of Sparidae aquaculture. 
In “Sparidae Biology and Aquaculture of 
Gilhead Sea Bream and Other Species” 
(M.A. Parlidis & C.C. Mylonas, Ed), pp. 
1-50. Blackwell Publishing Ltd, UK. ISBN 
978-4051-9772-4.

Bilei S, Buga�ella S, Di Giamberardino F, 
Saccares S and Gennari L (1996). Studies on 
winter disease outbreaks in ongrowing sea 
bream. In: International workshop on ‘‘sea 
bass and sea bream culture: problems and 
prospects’’. European Aquaculture Society, 
pp 243–244.

Chang KN (2002). Fish culture, Samgwang 
Publish. Seoul, Korea. 484 pp.

Choi HS, Park SR and Jung CG (2002). 
Biochemical analysis of blood serum 
from wintering seabream with green liver 
syndrome. Journal of Fish Pathology 15, 43-
48.

Choi HS, Jung SH, Hur YB and Yang JY (2008). 
Study on the winter mass mortality of reds 
sea bream, Pagrus major in south sea area. 
Journal of Fish Pathology 21, 35-43.

De La Torre FR, Salibián A and Ferrari L (2000). 
Biomarkers assessment in juvenile Cyprinus 
carpio exposed to waterborne cadmium. 
Environmental Pollution 109, 277-282.

Kato K, Hayashi R, Yuasa D, Yamamoto S, 

Miyashita S, Murata O and Kumai H (2002). 
Production of cloned red sea bream, Pagrus 
major, by chromosome manipulation. 
Aquaculture 207, 19-27.

Kyprianou TD, Pörtner HO, Anestis A, 
Kostoglou B, Feidantsis K and Michaelidis 
B (2010). Metabolic and molecular stress 
responses of gilthead seam bream Sparus 
aurata during exposure to low ambient 
temperature: an analysis of mechanisms 
underlying the winter syndrome. Journal of 
Comparative Physiology B 180, 1005-1018.

Ibarz A, Blasco J, Gallardo MA and Fernández-
Borràs J (2010a). Energy reserves and 
metabolic status affect the acclimation of 
gilthead sea bream (Sparus aurata) to cold. 
Comparative Biochemistry and Physiology, Part 
A 155, 319-326.

Ibarz A, Fernández-Borràs J, Blasco J, Gallardo 
MA and Sánchez J (2003). Oxygen 
consumption and feeding rates of gilthead 
sea bream (Sparus aurata) reveal lack of 
acclimation of cold. Fish Physiology and 
Biochemistry 29, 313–321.

Ibarz A, Padrós F, Gallardo MA, Fernández-
Borràs J, Blasco J and Tort L (2010b). Low-
temperature challenges to gilthead sea 
bream culture: review of cold-induced 
alterations and ‘Winter Syndrome’. Reviews 
in Fish Biology and Fisheries 20, 539-556.

Mifaff (2011). Ministry for Food, Agriculture, 
Forestry and Fisheries of Korea. h�p://www.
mifaff.go.kr/main.jsp. Accessed 16/01/11. 

NFRDI (2009). Planning research on prevention 
of cultivating organism mortality in 
Southern coastal aquaculture area in Korea. 
Busan, Korea. 62 pp. 

Padros F, Crespo S, Sala S, Sanchez J, Blasco J, 
Fernandez J, Rotllant J and Tort L (1998). 
Winter syndrome in gilthead seabream 
(Sparus aurata). Structural and functional 
alterations and the influence of stress. 
International Congress on the Biology of 
Fish, Baltimore, MD.

Pankhurst NW (2011). The endocrinology of 
stress in fish: An environmental perspective. 



40, Bull. Eur. Ass. Fish Pathol., 32(1) 2012

General and Comparative Endocrinology 170, 
265-275.

Tort L, Padros F, Rotllant J and Crespo S 
(1998). Winter syndrome in the gilthead 
sea bream Sparus aurata. Immunological 
and histopathological features. Fish and 
Shellfish Immunology 8, 37–47.

Tort L, Pavlidis MA and Woo NYS (2011). Stress 
and welfare in sparid fishes. In “Sparidae 
Biology and Aquaculture of Gilhead Sea 
Bream and Other Species” (M.A. Parlidis 
& C.C. Mylonas, Ed), pp. 75-94. Blackwell 
Publishing Ltd, UK. ISBN 978-4051-9772-
4.


