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Salinity is an important factor in the environmental condition of fish by influencing osmotic pressure and metabolism 
(Jiang et al. 2005; Mustafayev and Mekhtiev 2008); causing changes to the activity, structure, and physiological function 
of fish digestive enzymes; and affecting development, habits, and survival of fish (Chen et al. 1998; Wang and Zhu 2002).  
Studies of marine fish, such as the olive flounder (Paralichthys ollvaceus) and cobia (Rachycentron canadum), have shown 
a common relationship between osmotic pressure and salinity changes; under conditions of acute salinity stress Na+, K+, and 
Cl- ions have a regulating effect (Kiyashco et al. 2006; Pan et al. 2006). Fish, such as ayu (Plecoglossus altivelis) and Chinese 
sturgeon (Acipenser sinensis), that migrate between life stages in freshwater and marine environments have a two-way ion-
regulating conversion mechanism (Saruwatari 1995; Xu et al. 2008).  There are very interesting ecological evolutionary 
phenomena of some halophilic fish, such as the herring (Chupeonella cultriventris), which have formed populations in the 
upper reaches of the Volga River (Yang et al. 2005).  Clearly, fish osmoregulation has been highly plastic in adapting to 
salinity changes.

Most salmon (Oncorhynchus spp.) are euryhaline and have a strong migratory adaptation.  The catadromous migration 
of juveniles is a critical period that constrains populations and regression rates (Dong et al. 1999; Zhan et al. 2002).  Juvenile 
salmon migration to the sea is mainly caused by genetics, ecological factors, and food availability (Kaeriyama 1986; 
Makismovich 2008).  Environment affects their physiology, growth, and living conditions (Uchida et al. 1996; Liu et al. 
2006; Zhi et al. 2009).  Although many scholars have reported on the proliferation of salmon resources, population structure, 
and ecological protection (Altinok et al. 1998; Vander Linden et al. 1999), few studies have reported on salmon eco-
physiology during early stages of life. 

Changes to the physiological and biochemical structure and function of Heilongjiang River fall-run juvenile chum 
salmon (O. keta) from long-term exposure to low salinity environments have not been reported previously.  Our study 
simulated the salinity environments of out-migrating juvenile chum salmon.  The study focused on serum osmolality, ion 
content, and liver function and structural changes that occurred during the growth process.  We identified problems in salinity 
adaptation and tolerance of freshwater by chum salmon juveniles.

An experimental study was conducted on haematological biochemistry and structure of liver tissue in young chum 
salmon (body weight: 26.57±6.32 g, total length: 14.44±1.05 cm).  Five different salinity (ppt) treatment groups were tested 
including 0‰ (freshwater), 5‰, 10‰, 15‰, and 20‰, respectively.  Fish in freshwater served as the control. The acute 
salinity exposure experiments lasted for 130 days, and there were triplicates in each treatment. 
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Table. 1.  Change in juvenile chum salmon serum concentration (mg/L) of metals and inorganic ions of fish reared in different salinity 
treatment groups (0‰ [freshwater], 5‰, 10‰, 15‰, and 20‰) over the period from 1 day (1 d) to 10 days (10 d).  
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Results showed that osmolality and Na+ and Cl- content of serum collected from juvenile chum salmon increased with 
increasing salinity (Table 1).  Osmolality and the serum content of Na+ in the 15‰ and 20‰ salinity treatment groups were 
significantly different than in other groups (p < 0. 05).  The concentration of serum Cl-  was significantly different in fish in 
the freshwater treatment group compared to the 15‰ and 20‰ salinity treatment groups (p < 0. 05).  The content of serum 
magnesium (Mg2+) in fish in the 20‰ salinity treatment group was significantly higher than in sera collected from fish 
exposed to 0‰ and 5‰ salinity concentrations (p < 0.05).  The content of serum potassium (K+) among the different salinity 
treatment was significantly different (p < 0.05; Fig. 1). 

The effect of salinity on juvenile chum salmon serum glucose was relatively significant; the content of blood glucose 
was highest in juvenile chum salmon exposed to the 10‰ salinity treatment group and was significantly different than 
concentrations in fish in the 5‰ and 20‰ salinity treatment groups (p < 0.05). 

The impact of salinity exposure on blood lipid content was smaller. With the exception of total bile acids, other lipid 
indicators showed no significant differences among all the treatment groups (p > 0. 05). 

There was an overall downward trend in the content total protein (TP), albumin (ALB), and globulin (GLB) content 
of the sera of fish reared in the higher salinity treatment groups.  The TP and GLB content in the sera of fish exposed to 
freshwater was significantly higher than found in sera collected from fish in the 15‰ and 20‰ salinity treatment groups  
(p < 0. 05). 

Alanine aminotransferase (ALT) and alkaline phosphatase (ALP) activity in sera collected from fish in the freshwater 
treatment group were significantly higher than in fish exposed to the other salinity treatment groups (p < 0. 05; Fig. 2). 
Aspartate aminotransferase (AST) content of sera collected from fish in the 0‰ and 15‰ salinity treatment groups were 
significantly different (p < 0.05). 

Fig. 2. Serum protein and enzyme activity of alanine aminotransferase (ALT) and alkaline phosphatase 
(ALP) in juvenile chum salmon reared in different salinity treatment groups (0‰ [freshwater], 5‰, 
10‰, 15‰, and 20‰) for 130 days. 
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Fig. 1. Serum osmotic pressure and electrolyte concentration in juvenile chum salmon reared in different 
salinity treatment groups (0‰ [freshwater], 5‰, 10‰, 15‰, and 20‰) for 130 days.
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Fig. 3. Histological sections showing structural changes in liver tissue of juvenile chum 
salmon after exposure to different salinity treatment groups (0‰ [freshwater], 5‰, 10‰, 
15‰, and 20‰) for 130 days.  BD: bile duct; LSA: liver small artery; HL: hepatic lobule; 
LCC: liver cell cord; IV: interlobular vein; LC: liver cell.  a. freshwater exposure, 20× 
magnification, bar=100 μm,“ ” indicates a liver cells with large vacuoles and karyon 
showing atrophy and dissolution;  b. 5‰ salinity exposure, 20× magnification, bar=100 μm; 
c. 10‰ salinity exposure, 20× magnification, bar=100 μm;  d. 15‰ salinity exposure, 20× 
magnification, bar=100 μm;  e. 20‰ salinity exposure, 20× magnification, bar=100 μm;  
f. 20‰ salinity exposure, 40× magnification, bar=50 μm.

The impact of salinity on the liver tissue of juvenile chum salmon was high; exposure to low salinity caused some liver 
cells to breakdown leading to serious vacuolization of the tissue (Fig. 3). 

In summary, after rearing chum salmon juveniles for 130 days in different salinity treatment groups, fish blood osmotic 
pressure stabilized in the normal range, achieving an adaptive physiological balance.  But osmotic pressure from salinity ions 
and elevated serum ion concentration increased, so osmotic pressure was closely related to changes both inside and outside 
the environment of the fish’s body.  Ion concentration and serum osmotic pressure in fish reared in the 15‰ and 20‰ salinity 
treatment groups were significantly higher than in fish reared in the other treatment groups. This affected permeability and 
indicated that juvenile chum salmon can quickly adapt and prefer high salinity conditions.

Juvenile chum salmon reared in the freshwater treatment group showed symptoms of high serum potassium.  Potassium 
concentration increased to a level 18 times that of concentrations in fish reared in the 10‰ salinity treatment group, 
indicating that by maintaining osmotic pressure inside and outside the cell there were large loses of potassium into the 
extracellular fluid.  This condition was mainly due to long exposure at the isotonic point of freshwater that causes damage 
to the myocardial cell membrane.  Myocardial potassium entered into the blood and serum K+ concentration increased. At 
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the same time, serum AST also appeared to be at a higher value, further indicating myocardial membrane damage.  It is 
worth noting that increased environmental salinity had no apparent influence of serum K+ concentration because the average 
remained in the 0.23 ~ 0.69 range. 

In general, Gregory et al. (1988) suggested increasing concentrations of serum Na+ and Cl- ions will decrease the 
concentration of K+ ions in Acipenser fulvescens.  This phenomenon was not obvious in our experiment perhaps because 
we used a different fish species.  Our results also suggest that juvenile chum salmon may have a wide adaptative range 
for salinity.  For salinities between 5‰ and 20‰, juvenile chum salmon can adjust to an osmotic balance.  Our results are 
basically similar to those demonstrated by Hirai et al. (1999) and Rodriguez et al. (2002).

In the freshwater treatment group, juvenile chum salmon serum ALT enzyme activity was higher than in the other salinity 
groups by a factor of two to five times.  Total bile acid content of fish in the freshwater treatment group increased to about 
three times over that of fish in the other salinity treatment groups. 

Long-term exposure to freshwater caused varying degrees of injury to the liver and other organs.  Histological 
observations confirmed that liver cells ruptured. In the freshwater and low-salinity treatment groups (0‰ and 5‰), a large 
number of vacuoles appeared at the same time in liver tissue.  This suggested that at low salinity it is beyond the ability of 
juvenile chum salmon to make physiological adjustments, which results in pathological changes to the structure and function 
of liver tissue. 

Juvenile chum salmon reared at salinities > 10‰ grew well. Biochemical indices were relatively stable, most histological 
examinations of liver cell structure were normal, and only some cells showed the appearance of small vacuoles. 

In the natural environment, juvenile chum salmon migrating from the river to the ocean might be exposed to a range of 
salinities from 16‰ to 35.5‰.  In general, the life habit of the fish is decided by heredity and cannot be changed.  The effect 
of salinity exposure on visceral function is an important parameter to determine the readiness of juvenile chum salmon to 
adapt to the saline environment.  There is a certain degree of adaptability and plasticity in juvenile chum salmon during their 
migratory period, but prolonged exposure to low salinity can cause various physical reactions and reduce survival time (Wang 
and Zhu 2002; Jiang et al. 2005).
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