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Effect of locomotor activity of Russian sturgeons (Acipenser Gueldenstaedtii Brandt) on water 
heat flows in a recirculation system

1 2 2K. Peychev *, Y. Staykov , S. Stoyanova  

1Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Biology and Aquaculture, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The interest and the increasing demand for gourmet fish species is a stable tendency in modern aquaculture. This requires the development of 
intensive production systems with accurately determined and precisely controlled parameters, providing ecological and sustainable farming of a given 
aquaculture species The aim of the study was modelling and determination of the effect of swimming speed on heat flows within a recirculation system. An 
additional analysis of the effect of changing average live weight of farmed Russian sturgeon (Acipenser Gueldenstaedtii Brandt.) on converted heat was made. 

3The experimental tank volume was 70 m , the diameter – 7.5 m and the depth – 1.6 m. It was situated in a closed thermostable premise, part of recirculation 
system for Russian sturgeon farming. The water in the tank was exchanged 2.3 times per hour under constant temperature of 22°С. In this tank, about 800 
Russian sturgeons (Acipenser Gueldenstaedtii Brandt.), with average live weight of 3.5 kg were reared. The effect of fish swimming speed on the resulting 
thermal power in a recirculation tank followed the same trend irrespective of the live weight of individuals. The swimming speed of fish in recirculation tanks 
during the summer months should pertain to the technologically allowable minimum, while during the winter months, fish in recirculation systems should be 
stimulated to swim at a higher speed close to the maximum technologically permissible limit.

Keywords: swimming activity, heat flows, Russian sturgeon, recirculation system

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 7, No 2, pp , 2015234 - 237

Introduction Material and methods

The interest and the increasing demand for gourmet fish The theoretical investigation of the effect of fish swimming 
species is a stable tendency in modern aquaculture. This requires speed on internal heat flows was reduced to a real tank, situated in a 
the development of intensive production systems with accurately closed thermostable premise, part of recirculation system for 
determined and precisely controlled parameters, providing Russian sturgeon farming. The tank volume was 70 m3, diameter 
ecological and sustainable farming of a given aquaculture species 7.5 m and depth of 1.6 m. The water in the tank was exchanged 2.3 
(Flood et al., 2010). With this respect, innovative solutions and times per hour under constant temperature of 22°С. In this tank, 
production system models combining ecological suitability with about 800 Russian sturgeons (Acipenser Gueldenstaedtii Brandt.), 
economic efficiency are of particular significance for fish farms with average live weight of 3.5 kg were reared. In this analysis, it was 
(Georgiev et al., 1997; Staykov et al., 2002; Videv et al., 2004). agreed that all heat exchange effects except for the effect from the 

Fish swimming energy is produced by the active movements of swimming of fish were stationary and that their stable nature was 
body muscles. The produced mechanical energy is partly dissipated determined by energy sources whose parameters are not subject of 
in the water in the form of “hidden” heat (Zhang et al., 2011). this study.
According to some studies (Gray, 2009; Xin and Wu, 2011) water The calculations were performed assuming that the entire 
pools are rich in latent energy generated from the swimming activity kinetic energy from the swimming of fish in the recirculation tank was 
of fish. The physico-mechanical effects in closed recirculation converted to heat, e.g:
systems for fish and aquaculture are similar. In a production unit with 
annual capacity of 100 t fish, the bioactivity of individuals presumes a , kJ (1)
daily release of internal heat of about 6,700,000 kJ which is 
equivalent to a heat source with power of about 66 kW where Е  is kinetic energy from fish locomotion in the tank (kJ), m is к

(www.akvagroup.com, 2013). The upstream locomotion of fish in total live weight of fish (kg), V is average swimming speed of fish in 
cultivation tanks generates a large amount of energy which could be the recirculation tank (m/s), Т is time spent by fish in swimming (s).
effectively used for maintenance of the energy balance in the With respect to the applied calculation approach, a locomotor 
production system. Some researchers (Summerfelt, 2013) activity period of 15 hours was accepted, e.g. Т = 54 000 s.
emphasise on increasing the energy efficiency of applied technology Q is heat equivalent to the kinetic energy generated in the 
through optimisation of water input and additionally used oxygen, recirculation system.
which largely influence the swimming speed of fish in circular tanks. The total live weight of fish in the recirculation system was 

The abovementioned facts demonstrate the explicit need of expressed as the following product:
performing detailed investigations and modelling of kinetic energy 
conversion associated with the motion of hydrobionts in closed m = N.M, kg (2)
recirculation production systems.
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where N is number of fish in the tank, М is average live weight of one and 4. The analysis of results showed convincingly the strong effect 
fish (kg). of the swimming speed of sturgeons on heat conversion in the 

The calculations for the effect of fish swimming speed on the recirculation tank. Within the set speed range, the heat flow 
generated internal heat in the recirculation system were within the corresponding to the kinetic energy of fish increases from 800 
range [0.1; 0.4 m/s], with an increment of 0.05 m/s. thousand to 12 million kJ at an average live weight of 3.5 kg. The 

The effect of changing live weight of fish was determined for М sequence is geometric as the exponent of the speed component in 
values = 2.0; 2.5; 3.0; 3.5 kg. the kinetic energy equation is 2. The tendency for equivalent heat 

The corresponding thermal power for the respective intervals 
was calculated as per the equation:

where Р is thermal power corresponding to the kinetic energy of fish 
in the recirculation system for the active locomotion period, kW.

During the summer months, the internal heat flow in 
recirculation system water (from the locomotion of fish) should be 
removed by an “external” cooling machine (vapour compression 
type) at the expense of electrical energy consumption determined as 
follows:

, kWh (4)

where ЕЕ is  the energy necessary for the cooling machine (kWh), 
is coefficient of performance of the cooling machine – conditionally 

accepted as  = 2.8, k is energy reserve coefficient, conditionally 
accepted as k = 1.15.

The cost of consumed electric energy is calculated by the 
formula:

W = EE.v, BGN (5)

where W is price of daily electric energy consumption (BGN), v is 
market price of 1 kWh electric energy. In this analysis, v = 0.15 BGN/ 
kWh VAT excluded.

The graphic interpretation of results was presented in 
accordance with the indeterminate form of the function:

Q, P, EE, W = f (v; m), kJ, kW, kWh, BGN (6)

Results and discussion

power of fish motion is comparable to that of the relationship Table 1 presents the data for heat conversion, equivalent 
between swimming speed and released heat. This parameter took thermal power, electric energy necessary for the cooling machine 
values from 14 to 224 kW depending on the analysed variable and the costs of consumed electric energy. The graphic 
(speed). interpretation of the four parameters is depicted on Figures 1, 2, 3 

, kW (3)
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Table 1. Energy and financial parameters of recirculation tanks for Russian sturgeon farming at a different swimming speed
of fish with average live weight of 3.5 kg

* Note: Data are adjusted to 15-hour locomotor activity

Average swimming speed,
m/s

0.1
0.15
0.2
0.25
0.3
0.35
0.4

8
17
30
47
68
93

121

14
32
56
88

126
171
224

86
194
345
539
776

1057
1380

13
29
52
81

117
159
207

Converted heat,
5kJ.10  

Equivalent thermal
power, kW

Electric energy consumption 
of the cooling machine, kWh

Electric energy costs,
BGN/day*

Figure 1. Effect of swimming speed of fish in 
the recirculation tank on converted heat amount

Converted heat amount
at parameter M=3.5 kg
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Figure 2. Effect of swimming speed of fish in 
the recirculation tank on equivalent thermal power
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BGN for 24 hours. If the swimming speed of fish in the tank is 0.3 m/s 
within a 100-day period (summer season), the energy intensity of the 
recirculation system and its financial equivalent would become 
77600 kWh and 11700 BGN for one tank. Under condition of speed 
reduction up to 0.2 m/s, the respective figures would be 34 500 kWh 
and 5200 BGN.

In other words, the reduction of swimming speed of fish during 
the summer by 0.1 m/s reduced energy consumption and related 
costs of recirculation systems more than twice. During the winter 
months and under conditions of deficiency of heat, heat balance and 
energy efficiency of recirculation systems for farming of Russian 
sturgeon would benefit from the increased locomotor activity. In line 
with the abovementioned examples, it could be concluded that with a 
proper combination of abiotic factors, the swimming speed of fish 
should be kept at the allowed biological and technological minimum, 
whereas during the winter months – close to upper thresholds. The 
data from Table 2 demonstrate the effect of individual live weight of 
sturgeons on equivalent thermal power in the recirculation system 
and the corresponding financial resource. The results for all 
increments of the argument are plotted on Figure 5. The analysis 
shows that the fish live weight increase resulted in increased internal 
heat flows and the ensuing consequences. The relationship is 
strictly linear for all swimming speed values.

Data plots highlight another relationship as well. The correlation 
between live weight of sturgeons and the energy and financial 
parameters becomes stronger when swimming speed increases. 
This statement is visualised by the increasing slopes of graphs vs 

The analysis of results for the relationship between heat 
conversion vs equivalent and thermal power allowed at least two 
practical conclusions. During the summer months, under conditions 
of additional external heat flows, the high swimming speed of fish 
poses an additional heat load on the recirculation system. This 
means that the maintenance of an optimal temperature regimen in 
the tank is possible only by using an external cooling unit, presuming 
a more energy-intensive recirculation system. The energy 
consumption of the cooling machine and the corresponding costs 
increased exponentially from 86 to 1380 kWh and from 13 to 207 

Figure 3. Effect of swimming speed of fish in the 
recirculation tank on electric energy consumption 
of the cooling unit

Electrical energy consumption for cooling unit
at parameter M=3.5 kg

1600

1400

1200

1000

800

600

400

200

0
0.1 0.15 0.2 0.25 0.3 0.35 0.4

kWh

m/s

Figure 4. Effect of swimming speed of fish in the 
recirculation tank on electric energy costs

Electric energy costs
at parameter M=3.5 kg
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Table 2. Effect of individual live weight of Russian sturgeons on equivalent thermal power and related costs at different fish
swimming speeds in the recirculation tank

Live weight, kg

Swimming
speed, 

m/s

Equivalent 
thermal 

power,kW

Equivalent 
thermal 

power,kW

Equivalent 
thermal 

power,kW

Equivalent 
thermal 

power,kW

Costs,
BGN

Costs,
BGN

Costs,
BGN

Costs,
BGN

0.1
0.15
0.2
0.25
0.3
0.35
0.4

8
18
32
50
72
98

128

7
17
30
46
67
91

118

10
23
40
63
90

123
160

9
21
37
58
83

113
148

12
27
48
75

108
147
192

11
25
44
69

100
136
178

14
32
56
88

126
172
224

13
29
52
81

117
159
207

2 2.5 3 3.5

Figure 5. Effect of individual live weight of Russian 
sturgeons on equivalent thermal power and related 
costs at different fish swimming speeds.
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the X axis for respective speed increments. Therefore, the maximum technologically permissible limit. This approach would be 
simultaneous combination of an increasing body weight with higher beneficial for the heat balance and would result in better energy 
swimming speed of fish results in considerably higher release of efficiency of the recirculation system. The recommendation is 
heat (and heat power equivalent) in the recirculation system. It could particularly valid for the initial production stages, when sturgeons' 
be therefore inferred that throughout the entire production process, live weight is relatively lower. 
live weight of fish should be continuously monitored, and a 
biologically adequate correction of their swimming speed should be 
exerted depending on the total heat balance of the recirculation References
system. During the summer months, at the final stage of the 
production cycle (maximum live weight), the swimming speed of Flood MJ, Noble C, Kagaya R, Damsgard B, Purser G and Tabata 
sturgeons should be kept at the technologically permissible M, 2010. Growing amago and rainbow trout in duoculture with self-
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system and hence, its financial support. During the winter months Aquaculture, 309, 137-142.
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swimming speed of fish should be stimulated to the technologically of tilapia farming in a recirculation system at different stocking 
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balance and energy efficiency of the recirculation system. Gray L, 2009. Swimming fish could be key to generating electricity 
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alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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