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Introduction 

 

Salmon trout, large rainbow trout (Oncorhynchus 

mykiss), farmed in seawater, is one of the most popular 

seafoods, and stable commercial production of the 

species is required in Japan. Although year-round 

seawater farming can provide a stable supply of salmon 

trout, the period suitable for salmon farming in the sea 

surrounding Japan is limited. This is because the sea 

surface temperature during summer is too high for 

salmon trout [1, 2]. 

   Land-based aquaculture systems have certain 

advantages for controlling captive conditions; however, 

the costs of running land-based seawater farms are 

higher than those for marine aquaculture. In north Japan, 

approximately 1.2 million liters of seawater per hour 

are pumped from an undersea tunnel (the Seikan tunnel) 

and released on ground [3]. Utilization of the spring 

water pumped from undersea tunnels for land-based 

aquaculture could reduce the costs of year-round 

seawater farming. However, it is not known whether a 

land-based aquaculture system using spring water for 

salmon rearing would be viable. In this study, we 

investigated seasonal changes in the survival and 

growth performance of salmon trout reared in a 

land-based aquaculture system using spring water 

pumped from an undersea tunnel. 

 

Materials and methods 
 

In this study, we used the Donaldson strain of O. mykiss 

[4], which has undergone long-term cultivation at the 

Inland Water Fisheries Research Institute, Aomori 

Prefectural Industrial Technology Research Center 

(Towada, Aomori, Japan). Immature fish (body weight: 

441 g, n = 140) were reared in a 10-m3 tank at the 

breeding facilities of Okamura Foods Co., Ltd. 

(Sotogahama, Aomori, Japan) using spring water 

pumped from the Seikan undersea tunnel from May 27, 

2016 to March 4, 2017. Water quality parameters 

during the experimental period were as follows: flow 

rate, 150–200 L/min; salinity, 26–28‰; and dissolved 

oxygen, 6.2–8.5 mg/L. The fish were fed commercial 

aquaculture feed ad libitum. 

   The experimental period was divided into four 

seasons: season1, May 27–July 15, 2016; season2, July 

16–October 7, 2016; season3, October 8–December 20, 

2016; and season4, December 21, 2016–March 4, 2017. 

Body weight and number of surviving fish were 

recorded after each experimental period. Mortality, 

daily growth rate (DGR), and feed conversion rate 

(FCR) were calculated using the following formulae: 

 

Mortality (%) = 100 × (Ni – Nt)/Ni 

DGR (%) = 100 × (Wt – Wi)/[(Wt + Wi)/2 × T]  

FCR = total diet fed/[(Wt – Wi) × (Nt + Ni)/2], 

 

where T is the length of each experimental period in 

days, Nt and Ni are the final and initial number of 

surviving fish for each experimental period, 

respectively, and Wt and Wi are the final and initial 

individual weights of the fish, respectively. 

 

Results 
 

The temperature of the spring water was lower than that 

of the surface of the sea surrounding Aomori Prefecture 

(41°25′N, 140°34′E) in summertime (highest 

temperature: 21.9°C), whereas it was higher in 

wintertime (lowest temperature: 11.5°C) (Fig. 1). 

   The highest mortality rate (16.9%) was recorded in 

season2. The DGR value remained low after season2, 

whereas the FCR value decreased in season3 (Table 1). 

At the end of the experimental periods, 73% of the fish 

had survived and the average body weight of these fish 

had reached an optimal size for shipment (2.5–3.5 kg) 
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(Table 1). 

 
Fig. 1. Seasonal changes in water temperature. Solid black line, 

temperature of the spring water pumped from an undersea tunnel; 
open circle, temperature of the surface of the sea surrounding Aomori 

Prefecture. 

 
Table 1. Seasonal changes in mortality, growth factors, and average 

water temperature 
 

Parameters Season1 Season2 Season3 Season4 
Mortality (%) 2.9  16.9  11.5  3.0  
DGR (%) 1.27 0.61 0.41 0.60 
FCR 0.86 1.05 0.50 1.07 
Body weight (kg) 1 0.90±0.14 1.43±0.32 1.93±0.63 3.06±0.47 

Temperature (°C) 2 18.1±0.7 20.1±1.1 14.8±1.3 12.9±0.7 
1 Average body weight (Mean ± S.D., n = 10) 
2 Average spring water temperature (Mean ± S.D.) 

 

Discussion 

 

Herein, we report the seasonal changes in survival and 

growth performance of salmon trout reared in a 

land-based aquaculture system using spring water 

pumped from an undersea tunnel. Generally, the 

optimal temperature range and upper threshold 

temperature of rainbow trout are 10–22°C and 26.5°C, 

respectively [1]. Although the seasonal range of the 

spring water temperature fell within the optimal 

temperature range of rainbow trout, the survival and 

growth of these fish were still low during summer and 

autumn. One of the factors influencing survival and 

growth is water temperature [5, 6]. Moreover, it has 

recently been reported that thermal performance differs 

in different trout strains [7]. Thus, the high-temperature 

conditions during summer may be unsuitable for the 

trout strain used in this study; consequently, the 

survival and growth performance decreased. Further 

research on the relationship between captive conditions, 

such as temperature, and growth performance in this 

strain is needed in order to efficiently produce salmon 

trout. 

   In conclusion, our results suggest that a land-based 

aquaculture system using spring water pumped from an 

undersea tunnel can be used for year-round seawater 

farming of salmon trout, although it will be necessary to 

optimize captive conditions in summertime. We hope 

that this information will lead to advances in the 

production of salmon trout in Japan. 
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