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INTRODUCTION
Since 2015 there has been a sharp decline in korea east coast chum salmon(Oncorhynchus keta) catches. Changing environments has been recognized as major factor in the overall decline
of fisheries resources as well as salmon. Environmental influences, including High water temperature, are greater in the first ocean year for juvenile salmon. The purpose of this study can
be secure stable salmon resources by researching survival mechanism of juvenile salmon and their response to changing environments. In particular, this study aimed to evaluate the
effect of high water temperature on histological changes in juvenile salmon during early sea life.

MATERIALS & METHOD
Juvenile salmon in the fresh water were acclimated to the sea water for 1 week and then exposed to different temperature experimental groups(13, 16, 19 and 21℃) for 4 weeks to
estimate of optimal rearing temperature on the high water temperature period.
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RESULTS & DISCUSSION
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Fig.1. General view of the liver from juvenile salmon. A: H&E stain,
B: AB-PAS(pH 2.5) reaction. Hc: hepatic cell, Hd: hepatic cord
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Fig.3. General view of the kidney from juvenile salmon. A: H&E
stain, B: AB-PAS(pH 2.5) reaction.
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Fig.2. Histological changes of high water temperature in juvenile
salmon liver. A: Hepatic cytoplasmic vacuolization(H&E Staining), B:
condensation of the nucleus(AB-PAS, pH 2.5), C: congestion(ABPAS, pH 2.5), D: necrotic degeneration(AB-PAS, pH 2.5)

Fig.4. Histological changes of high water temperature in juvenile
salmon kidney. A: degeneration of tubular cell in the renal
tubule(H&E Staining), B: glomerular atrophy and thickening of
Bowman's capsule(AB-PAS, pH 2.5), C: Closure of tubular lumen
(★) and appearance of the melano-macrophage centres(Mmc)
congestion(AB-PAS, pH 2.5), D: necrosis of renal tubule and
increasing of the Mmc(AB-PAS, pH 2.5)

Fig. 5. Histological changes of high
water temperature in juvenile salmon gill.
AB-PAS(pH 2.5) reaction. Control:
General view of the gill from juvenile
salmon A: hemorrhages in the capillaries.
B: Degeneration of mucous cells in the
epithelial layer of gill lamella, C: Gill
lamella fusion,

Fig.6. Whole blood cell composition(left) and white blood cell
composition(right) of juvenile salmon exposed to each water
temperature

Fig.7. Comparison of white blood cell composition in the blood of juvenile
salmon exposed to each water temperature

• The percentage of red blood cell count was more than 95.3% in all groups and the percentage of
mean white blood cell count was 1.4%
• In particular, white blood cell composition decreased from 5% to 1.0% as the water temperature
increased.
• The composition of lymphocyte increased significantly at 13 ℃ but significantly decreased over 16℃

Control
Ec: epithelial cell, Gf: gill filament, Gl: gill
lamella, Pc: pilar cell, Mc: mucous cell

3. Estimation of the temperature tolerance
• It is shown that water temperature has a significant effect on Juvenile
salmon mortality
• As the water temperature increased, the mortality also increased, and the
mortality rate was highest at 21 ℃.
• The number of days to 50% mortality (D50) was less than 2weeks at 19℃
and 21 ℃

 Optimum rearing temperature is less than 16 ℃ but stable about 13 ℃

• Section of the liver showing cytoplasmic deformation such as the hepatocyte hypertrophy, Hepatic
cytoplasmic vacuolization and condensation of the nucleus over 16 ℃
• Section of the kidney showing the abnormal histological symptoms such as degeneration of the
tubules, Closure of tubular lumen over 16 ℃
• Several Significant internal tissues damage were observed in gill, liver and kidney in response to
high water temperature.

• As a results of the disease test, Aeromonas sp.,
Vibrio spp. were detected in high water temperature
groups but virus was not detected in all groups.
• Bacterial infections appear with low rearing water
change rate in the process of damaging internal
tissues (kidney and gill etc.) and weakening immunity
at high temperature.

CONCLUSIONS
 Abnormal histological symptoms of liver and kidney were identified in juvenile salmon over 16℃.
 RBC count is unchanged as the water temperature rise. It might be more relevant decreasing immunological function than changing blood structure

 The result of the monitoring of blood components and pathogens is that the frequency of white blood cells such as lymphocytes, which are responsible for bacterial immunity, is lowered
 In this study suggest that if salmon under stress after the smolt period is exposed to a water temperature of 16°C or higher, cellular degeneration occurs and its function
decreases, and the number of lymph in the blood decreases, which damages the immune system and becomes susceptible to disease infection.

