
Fig. 15. Overview of  the released fish  
              (99th day)   
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Successful Salmon Fry Production in 

the Closed Water-recycling System 
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The Water-recycling System Helps to Maintain  
a Low Level of Ammonium  
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Fig.9. Increase in body weight  Fig.10. Fluctuation in ammonia  
             concentration  

Fig.11. Fluctuation in nitrite 
             concentration  

Fig.12. Fluctuation in nitrate 
             concentration  

Fig.6. Eggs set on the hatching 
     tray (0th day)  

Fig.7. Hatched alevins  around  
          shelters (10th day)  

Fig.8. Fry start swimming   
          in the tank (53th day)    

Fig.2. Siphoning system with a bacterial 
           filter in the 100 L tank  

Fig.1. Bacterial filter tank  (100 L)  Fig.3. Bacterial filter tank  (200 L)  

Fig.4. Filter made of nylon strings 
   (Biocord, TBR Co.) in the 200-L tank   

Fig.5. Overview of water recycle unit and fish rearing tank  

Fig. 14. Gill condition of released fish   Fig. 13. Good swimming behavior  
              (99th day, the day before release)   

     We performed a experiment in the closed-water recycling 

system for salmon fry production in low temperature to prevent 

a parasitic disease. 

 

Materials and methods  

     A bio-filter unit is an important component in a closed water-

recycling system; 100 L and 200 L plastic tanks are used in the 

system. Crushed coral (40kg) and glass ring (30kg) were put in a 

mesh bag that was inserted in the 100 L tank (Fig. 1). This tank 

has a siphon system that ensures intermittent water flow (Fig. 2). 

A Biocord (TBR Co.) was hung in the 200 L tank  (Figs. 3 and 

4).  It was 80 cm in length, that  was submerged in the tank 

water. Thus, a 35.2 m long Biocord was set in the tank. 

  The fish-rearing tank was 4.0 ×  1.0 × 0.6 m in size, made of 

fiber reinforced plastics and could hold 1200 L of rearing water  

(Fig. 5). Sixty plastic-mesh pipes were set at the bottom of the 

tank for the shelter of alevins (Fig. 7).  Ten plastic pipes were 

bound  together and set at the bottom of tank. The shelters were 

removed from the tank when the fry  started swimming in the 

tank (Fig. 8). The experiment was performed using the same 

method in both tanks. Feed was provided for the fry three times 

a day. The amount of  feed was estimated on the basis of  2.5%  

body weight. Feeding was started on  the 53rd day. Water 

circulation was 42 L /min in the alevin period then it was 126 L  

/ min in the fry period.  

 
Results  

      The number of  fish that survived is provided in Table 1. and 

changes in the body weight of the fish are summarized in Fig. 9. 

No significant  changes in body weight were observed between 

tanks 1 and 2 (t-test, p>0.05).  Average water temperature was 

9.1ºC (6.7-10.6ºC , in tank1) and 8.9 ºC (6.3-10.6 ºC, in tank2) . 

Average pH was 7.4 (6.9-7.7, in tank1) and 7.4 (7.0-7.8, in 

tank2) . Average dissolved oxygen was 10.4 mg/L (9.1-11.7, in 

tank1) and 10.5 mg/L (9.3-1.7, in tank2) .  

  Changes in ammonium, nitrite and nitrate levels during the 

experiment are shown in Figs.10, 11and 12.  The average 

number of bacteria in the rearing water was 1.3 × 104 CFU/ml 

in tank 1 and 0.9 × 104 CFU/ml in tank 2.  Water quality, 

mainly ammonium was not affected by fish behavior and growth 

(Fig. 13). Body condition was normal and gill condition was 

good and it was not enlargement, parasitic organisms were not 

found (Figs. 14 and 15).  Results of  the sea-water challenge test 

were 100% in both tanks (Table 2). 

   

     The closed water-recycling system worked well for chum 

salmon fry production. The fish was grown up in this system by 

100 days from the hatching to release. And, disease risk was 

minimized by this method for stable fish production. 
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Table 2.  Sea-water challenge test

Tank 1 2

100 100

*　Survival ratio of fish after 48hours (%)

Table 1. Survival of the fry

Tank Hatching Releasing Survaival rate %

1 22,631 22,480 99.3

2 22,667 22,400 98.8

* Hatching and releasing of the fries are showing individuals
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