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Abstract
It is well known that the group effect of fish has an influence on the metabolic physiology by solitary or group formation in different ecological 

conditions (Itazawa 1991)1). However, most of the group effect is on the free living processes. Honda (1988)2) found that the overlapping behavior of 
the flounder, observed when the bottom of aquarium is not covered with sand, is one of displacement behavior for the natural behavior of burrowing 
themselves into the sand. From the viewpoint of overlapping behavior, this displacement behavior of flounder is considered as a kind of group 
effect.  Accordingly, the displacement behavior grasp the action for bottom area of culture tank. The purpose of this paper is to obtain the rate of 
fish occupation estimated by the proportions of half body surface area of flounder for the bottom area of the tank, and is to present the effects of 
displacement behavior on the rate of nitrogen excretion in the cultured japanese flounder.

Materials and Methods
  Experiments on nitrogen excretion of Japanese flounder 

were carried out in flounder culture tanks (Yamashita Fisher 

Co.)  in Azuma-cho, Kagoshima, Japan. The octagonal, indoor 

tank with a circulation system was 33.7 m2 in area and about 

0.5m deep, and was constructed from glass fiber reinforced 

polyester with a number of fish fed on pelleted artificial 

flounder feed (Higashimaru Food Inc.) in a group during more 

than two months acclimation period in before experimentation 

was 750 to 5,600 individuals. Each experimental fish, after 48 

hours starvation for young fish (14 to 59 g) and 72 hours 

starvation for adult fish (160 to 633 g), was placed in a square 

polyethylene tank which was 0.282 m2 in bottom area and 0.38 

m deep with flowing water system. The light intensity in 

surface of the indoor tank was reduced to about 0.5% of an 

open field. The rate of water exchange was about one tank 

volume 100 L per hour, so the retention time of culture water 

was about one hour. Dissolved oxygen content of the culture 

water was maintained by aeration at more than 5 mg per one 

litter.

 Experiments were conducted at mean water temperature of 

16±0.5℃, 19±0.5℃, and 23±0.5℃. The number and body 

weights of japanese flounder used in this experiments were 8 

to 107 individuals ranging from 14 g to 24 g at 16℃, 4 to 80 

individuals 53 g to 638 g at 19℃, and 2 to 18 individuals 160 

g to 410 g at 23℃. As an indicator of the stocking density of 

flounder, the rate of fish occupation in half body surface area 

of fish for the bottom area of the culture tanks can be 

expressed as follows;

β = 100・S / B� (1)

Where, �β: rate of fish occupation, in percentage	 

S : half body surface area of fish in m2	  

B : bottom area of the culture tank in m2

Rate of fish occupation ranged from 15% (1.51 kg/m2) to 

203% (22.8 kg/m2) in the experiments at 16℃, from 24% 
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(1.51 kg/m2) to 237% (22.8 kg/m2) at 19℃, from 26% (2.93 

kg/m2) to 206% (23.2 kg/m2) at 23℃. Metabolic rate of most 

animals is generally indicated by the rate of oxygen 

consumption. As a series of studies on the excretion rate of 

nitrogen of japanese flounder, the excretion rate of nitrogen 

(EN) was estimated by summing the nitrogen excreted in the 

forms of ammonia (ENH4) and urea (Eurea) nitrogen. It has been 

confirmed that the relationship between the excretion rate of 

nitrogen and body weight of fish can be shown in an 

exponential equation proposed by Jobling (1981)3) and Hepher 

(1988)4) as follows;

EN = αθ ∙ Wr� (2)

Where, �EN: mean rate of nitrogen excretion in mg N/fish/h 	

αθ: nitrogen excretion rate at water temperature θ℃ 

W: mean body weight of fish in wet g/fish	  

γ: constant

Therefore, αθ can be computed by rewriting the equation using 

the value of γ = 0.57 obtained by Tanaka and Kadowaki 

(1995)5) as follows;

αθ = EN / W0.57� (3)

Inlet and outlet water of fish cultured was sampled every 

hour for 24 hours. The sampling time of outflow was delayed 

to account for the retention time. Water samples were filtered 

through 0.45μm membrane filters and stored in frozen for 

chemical analyses. Total ammonia nitrogen analyses were 

performed using the indophenol method (Liddicoat et al, 

1975)6). The concentration of urea nitrogen was determined 

using the method reported by Newell et al (1967)7).

Results and Discussion
Experimental conditions, rates of nitrogen excretion by 

starved flounders, and the results are shown in Table 1. The 

nitrogen excreted in the forms of ammonia (ENH4) and urea 

(Eurea) nitrogen range from 0.0253 to 0.0450 mg N / fish /h and 

0.0032 to 0.0042 mg N/fish/h at 16℃, 0.126 to 0.644 mg N / 

fish/ h and 0.0137 to 0.214 mg N/fish/h at 19℃, 0.185 to 

0.610 mg N/fish/h and 0.0574 to 0.217 mg N/fish/h at 23℃.

Diurnal changes in the nitrogen excretion rate at water 

temperature θ℃ (αθ) for each rate of fish occupation are 

shown in Figs. 1, 2, and 3. Clear diurnal rhythm was not 

observed for αθ in starved flounder. these results are similar to 

those reported by Kikuchi et al (1991)8) who found that the 

photoperiod did not seem to affect the rates of nitrogen 

excretion in starved flounder.

The relationship between the nitrogen excretion rates (αθ) at 

three different temperature and the rates of fish occupation are 

shown in Fig. 4. Higher values of αθ are shown as water 

temperature becomes higher. The value of α23 (αθ value at 

23℃) is high in low and high stocking density corresponding 

to the rate of fish occupation (β) at 26% and 173% to 206%, 

but is low in middle stocking density corresponding to the 

values of β at 41% to 100%. The value of α19 (αθ value at 

19℃) is high in low stocking density corresponding to the rate 

of fish occupation is shown 24%, but is low in middle and 

high stocking density which the value of β is shown 44% to 

237%. The reason why the value of αθ becomes high when the 

value of β is less than 30% is a result of dissatisfied 

displacement behavior. This displacement behavior is 

considered a kind of group effect expressed psychological 

process pointed out by Itazawa (1991)1) and Honda (1988)2), 

working on the rate of oxygen consumptions per individual of 

one, two, three, and five flounder groups at 20℃, stated the 

positive group effect that the decrease of group formation 

conduces the increment of oxygen consumption per 

individual. These are consistent with the results obtained in 

this study.

It was considered that high rate of nitrogen excretion by 

The cultured flounder in more than 170% of β values at 23℃ 

was caused by restless behavior due to small living space per 

fish (Itazawa et al, 1978)9). Itazawa (1991)1) and Imabayashi 

(1992)10) working on juveniles and young of red sea bream 

concluded that this phenomenon was a negative group effect 

meaning that the metabolic rate per body weight of fish 

increases accordingly, as the number of cultured fish increases. 

Therefore, cultured flounder display a negative group effect 

under the conditions of high water temperature and stocking 

density.

When the water temperature fell to at 16℃, the rate of 

nitrogen excretion by cultured flounder declined suddenly. 

The values of α16 (αθ values at 16℃) were low at 15% and 

74% and high at 148% and 203% of β values. These results 

show that the small living space per fish rather than 

displacement behavior promotes increased metabolism of 

flounder at 16℃.

The relationship between the range of fluctuation in 
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nitrogen excretion rates (αmax − αmin) at three different 

temperatures the values of β is shown in Fig. 5. The range of 

fluctuation in nitrogen excretion rates become wide and 

narrow at 23℃ as the value of β become low and high, 

respectively. The range of nitrogen excretion rates becomes 

0.016 to 0.032 at 19℃ as the value of β becomes 44% to 24%, 

and becomes stable at less than 0.01 with β value greater than 

80%. The range of fluctuation in nitrogen excretion rates 

becomes stable less than 0.01 at 16℃ regardless of the value 

of β.

As shown in Table 1, the proportion of ENH4 to EN by 

starved flounder amounts to 89.9% at 16℃, 79.7% at 19℃, 

and 76.1% at 23℃. The average is 81.9% for all temperatures. 

Hepper (1988)4) has shown that the percentages of ammonia 

nitrogen to total nitrogen excreted by fed and starved rainbow 

trout were 84.7% to 92.5% and 69.8%, respectively. Jobling 

(1981)3) found that the greatest excretion product of plaice 

was ammonia nitrogen which accounts for 75% to 85% of the 

Table 1. Experimental conditions and data on rates of nitrogen excretion and ENH4 / EN by starved flounders.

Fig. 1. Diuranal changes in the α16 value for cultured flounder at 16℃. Numeral show rate of fish occupation.

EN αθENH4 Eurea ENH4 / EN
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nitrogen excretion. Wood (1958)11) working on nitrogen 

excretion of starry flounder, has shown that the proportion of 

ENH4 to EN by solitary flounder amounts 81.4% to 86.2% at 

12℃. The results obtained in this study are similar to previous 

studies.

Fig. 6 shows the relationship between ratio of excreted 

ammonia to total nitrogen and αθ. It has been proposed that 

there is relationship between the utilization of cultured water 

and the form of ni trogen excret ion which shows a 

characteristic of adaptation for the environmental conditions 

Fig. 2. Diuranal changes in the α19 value for cultured flounder at 19℃. Numeral show rate of fish occupation.
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Fig. 3. Diuranal changes in the α23 value for cultured flounder at 23℃. Numeral show rate of fish occupation.

(Ozaki, 1977)12). Furukawa and Ogasawara (1955)13) working 

on nitrogen excretion of starved carp and goldfish on oxygen 

deficiency, was shown that urea excretions which low toxicity 

for fish was higher than the ammonia excretion. Even to the 

optimum water temperature for flounder at 19℃ to 23℃ 

(Harada, 1981)14), the ratio of urea nitrogen excretion for total 

nitrogen excretion tend to increase in less than 30% and more 

than 170% of β values. These results show the value of β has 

an effect on the forms of nitrogen excretion of cultured 

flounder. The αθ plotted of the right side X axis shows the 

basal metabolism of nitrogen excretion. and the values of αθ 

were in the range 0.0050 to 0.0060 at 16℃.

On the other hand, at the same temperature of culture water, 

significant differences existed between the proportion of ENH4 
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to EN at 74.8% in the wide range of αθ fluctuation and 81.6% in 

the narrow range of fluctuation in αθ, respectively. The 

cultured flounder at the condition of wide range fluctuation in 

αθ increased the rate of urea nitrogen excretion as compared 

with the condition of narrow range αθ fluctuation. Therefore, 

the proportion of ENH4 to EN is considered a quantitative 

indicator that expresses the psychological phenomenon of fish 

as the physiological phenomenon.

At 19℃ to 23℃, the value of β, when the values of αθ are 

low and the range of fluctuation in αθ is narrow, are from 44% 

(2.8 kg/m2) for body weight of 53 g to 154% (17.7 kg/m2) for 

body weight of 354 g. These values are similar to the results 

reported by Harada (1981)14) at optimum stocking density of 5 

kg/m2 to 15 kg/m2 with 0.5 per one hour of water exchange at 

20℃ to 25℃. Nakamura et al (1986)15) working on effects on 

different stocking densities on growth and survival of cultured 

flounder, has reported that 92% of β value (13 kg/m2) showed 

the best growth and survival rate for body weight of 180 g at 

22℃ to 26℃. Different water temperatures and exchange 

rates considered, it was suggested that the values of 50% to 

150% of fish occupation rate obtained in this study are applied 

in the case of optimum stocking density from 19℃ to 23℃ .

Fig. 4. Relationship between half body surface area per bottom area and αθ values at 16℃, 19℃ and 23℃.
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Therefore, the behavior of grouped flounder overlapping 

each other instead of burrowing themselves into the sand is a 

type of compensation behavior to make the metabolism saving 

physiologically. It is necessary to secure the optimum stocking 

density for flounder cultured in a tank with no sandy bottom, 

because of compensating for displacement behavior.
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