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Abstract. The aim of the study was to assess the effectiveness of a closed water-cycle technology
that reduces the impact on natural water bodies and promotes the rational use of water resources.
Experimental, analytical and statistical methods were used in the study: biometric measurements,
hydrochemical monitoring, behavioural observations and correlation analysis. At the beginning of
the experiment, the mean length of the juveniles was 1.2 cm and the weight 1.8 g, whereas by the
end of the observations these indicators had increased to 5.1 cm and 11.7 g respectively. Survival
remained within 85-100%, which indicated optimal cultivation conditions. The water temperature was
stably maintained at 21-22°C, and the oxygen concentration fluctuated within 6.8-7.1 mg/1, ensuring
normal metabolism of hydrobionts. Hydrochemical analysis showed the effective functioning of the
biofilter: the concentration of ammonium nitrogen decreased from 0.35 to 0.07 mg/l, nitrites from
0.15 to 0.03 mg/1, and nitrates from 4.8 to 2.8 mg/l. Water transparency increased from 42 to 55 c¢m,
and pH stabilised at 7.5, which indicated completion of the stage of biological stabilisation of the
environment. Behavioural indicators also confirmed successful adaptation: activity of the juveniles
increased from 2.1 to 4.6 points, the stress level decreased from 3.8 to 1.8 points, and cannibalism fell
to 0.9%. After transfer to a natural water body, crayfish survival was 72%, the mean weight 133 g, and
the proportion of females with eggs reached 65%, which confirmed the natural reproductive capacity.
Economic calculations showed production profitability of 55.2% at a cost price of 138 UAH/kg and a
net profit of 2,050 UAH/m?/year. Energy consumption of the system was low — 3.6 kWh/day, saving
of water resources — 92%, and the environmental effect - a 40% reduction in the catch of natural
populations. The practical significance of this study lies in the possibility of using its results for the
introduction of energy-efficient technologies for rearing noble crayfish on farms and in industrial
enterprises in Ukraine
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INTRODUCTION

The relevance of this study is determined by the
need to conserve and restore natural populations
of noble crayfish (Astacus astacus L.), which are
important components of freshwater ecosystems.
These populations perform the function of natural
sanitarians of water bodies, taking part in self-pu-
rification and regulation of the biological balance.
The presence is an indicator of environmental sta-
bility, since crayfish are sensitive to pollution and
changes in environmental quality. In the last few
years (2020-2024), a significant decline in cray-
fish numbers has been observed, associated with
military actions, degradation of water bodies and
poaching. In such a situation, the introduction
of environmentally safe technologies for rearing
hydrobionts, in particular the use of recirculating
water supply installations, becomes especially im-
portant. This technology minimises water abstrac-
tion and the discharge of polluted effluents, ensur-
ing sustainable development of aquaculture. Thus,
the development of artificial crayfish rearing in
recirculating water supply systems is a promising
direction that combines environmental feasibil-
ity with economic benefits. The issues addressed
in this study are driven by a sharp decline in the
numbers of Astacus astacus in Ukrainian water
bodies, in particular in the Dnipro region, under
the influence of anthropogenic and climatic fac-
tors. Juveniles do not reach maturity due to water
pollution, lack of shelters and increased harvest-
ing. The absence of effective control over fishing
increases the risk of local population extinction.
In this context, there is a need to create scientif-
ically grounded technologies for laboratory re-
production in recirculating water supply systems
capable of ensuring stabilisation of the species,
reduction of anthropogenic pressure and develop-
ment of profitable aquaculture production.

Given the international context of research
on aquatic ecosystems, H. Hapich et al. (2024) fo-
cused on the consequences of the degradation of
Ukraine’s water resources as a result of military
actions. It was emphasised that the restoration of
aquatic biocenoses became possible only through
the combination of technological and nature-con-
servation approaches, among which aquaculture
was identified as a key compensatory mecha-
nism. Within the framework of sectoral analysis,
O. Ishchuk et al. (2024) identified trends in the

development of crustacean aquaculture in Ukraine
and its strategic role in ensuring food security. It
was established that the main constraints remained
the lack of recirculating water supply installa-
tions and of trained specialists for the operation.

Relying on biotechnological data, N. Hry-
nevych et al. (2022) described the potential of
culturing Cherax quadricarinatus as a way of in-
creasing the economic efficiency of aquaculture.
It was shown that introduced species had high
growth rates, but the adaptation to local condi-
tions required additional ecotoxicological studies.
In the context of experimental work, R.E. Duffy et
al. (2025) presented the results of successful incu-
bation and rearing of Cherax tenuimanus in closed-
type systems. It was established that controlled hy-
drochemistry of the environment ensured survival
above 90%, confirming the effectiveness of recir-
culating water supply technologies. On the basis
of field observations, O.M. Edwards et al. (2025)
analysed the impact of hydrological and climat-
ic factors on the dynamics of aquatic organism
populations. It was determined that fluctuations
in temperature and oxygen levels significantly af-
fected behaviour and reproductive activity. From
the standpoint of ecological monitoring, S. Hudi-
na et al. (2022) developed a conceptual model for
regulating the numbers of signal crayfish (Paci-
fastacus leniusculus) as an invasive species. It was
established that effective management of invasive
populations requires the combination of environ-
mental monitoring, biocontrol and maintenance
of the stability of autochthonous species, includ-
ing Astacus astacus.

Taking into account modern trends in tropi-
cal aquaculture, S.S. Lee et al. (2025) described the
rearing of Phallusia nigra in open and closed wa-
ter supply systems. It was established that closed
systems provide stable environmental parameters
and increase the viability of hydrobionts. On the
basis of experimental data, L. Qin et al. (2023)
showed that shelters in the rearing environment
of Procambarus clarkii reduced stress and canni-
balism at high stocking density. A positive effect
of such elements on larval survival and produc-
tion profitability was revealed. In terms of inter-
national aquaculture experience, M.O. Agbugui et
al. (2025) summarised fish and crustacean farming
practices in Nigeria. The importance of combining
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biotechnological methods and socially oriented
management models was emphasised. From the
standpoint of genetic control, F. Oficialdegui et
al. (2025) studied variability of Procambarus clarkii
populations in natural and ornamental systems.
Risks of introgression were identified, requiring en-
hanced control over the import of invasive species.

Within a socio-ecological approach, R. Mo-
hammed et al. (2021) described the Freshwater
Lobster Production — Green Aquaponics Perennial
System for rearing freshwater lobsters in low-in-
come communities. The effectiveness of biofil-
tration and the stability of local production were
demonstrated. On the basis of technical devel-
opments in European aquaculture, J. Hinchcliffe
et al. (2022) summarised the experience of rearing
Homarus gammarus and identified key technical
requirements for automated systems. It was noted
that modernisation of equipment is critical for the
development of crayfish farming. Issues of long-
term adaptation of crayfish reared in recirculat-
ing water supply systems after transfer to natural
water bodies, and the impact of biofiltration pa-
rameters on the formation of stable reproductive
groups in artificial populations, remain insuffi-
ciently studied. The aim of the study was to assess
the effectiveness of recirculating water supply
technology for rearing noble crayfish (Astacus as-
tacus L.) under conditions close to natural ones, as
an environmentally safe method that reduces the
impact on natural water bodies and ensures care-
ful use of water resources. The objectives of the
study were to determine the dynamics of growth
and survival of crayfish juveniles in a recirculating
water supply system, to analyse changes in hydro-
chemical indicators and behavioural reactions of
individuals, and to assess the adaptive potential
and economic efficiency of rearing under con-
trolled conditions.

MATERIALS AND METHODS
The study was conducted in 2024 (March-August)
in the Dnipro district at an experimental hydrobi-
ological laboratory equipped with a recirculating
water supply installation for rearing noble crayfish
(Astacus astacus L.). This species is autochthonous
to the Dnipro basin and well adapted to temper-
ate continental conditions, which determined its
selection as the object of the study. It is charac-
terised by high viability in recirculating water
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supply systems, considerable nutritional value
and commercial appeal, which makes it optimal
for experiments on population restoration and
economic evaluation of aquaculture technologies.
The experiment was carried out under the super-
vision of a PhD in Biological Sciences with more
than 10 years’ experience in aquaculture. Three
specialists took part in the observations — two
biologists with higher education and one hydro-
biological technician, all of whom had undergone
prior training in measurement methodology and
statistical data recording. The keeping of animals
and all experimental manipulations were carried
out in accordance with the provisions of the Law
of Ukraine No. 249 (2012). In addition, the require-
ments of the European Commission (2021) on eth-
ics and data protection and of DSTU EN ISO/IEC
17025:2019 (2019) were observed.

The climate of the area is characterised by
temperate continental conditions, with a typical
mean daytime temperature of +25-28°C in sum-
mer. For the experiment, a recirculating water
supply installation was used, consisting of three
polymer tanks with a volume of 250 1 each, a com-
mon biofiltration unit with expanded clay filler, a
circulation pump Eheim CompactON 1000 (Ger-
many) and a compressor Hailea ACO-318 (China).
The water temperature was maintained at 21-2 °C
with a Tetra HT 200 thermostat (Germany), and
lighting was regulated in a 14:10 (light/dark) re-
gime using Osram LED lamps (Germany).

Separate control tanks were not used, since all
three vessels were combined in a single recircula-
tion circuit and functioned as a single technolog-
ical system. This ensured identical hydrochemical
conditions in all sections and made it impossi-
ble to create an independent control within one
module. Hydrochemical parameters (pH, oxygen,
ammonium, nitrites, nitrates) were analysed as
integral indicators of the whole system, while bi-
ometric and behavioural data were recorded sep-
arately for each tank and then averaged, which
made it possible to minimise random variations
and obtain a representative assessment of the in-
fluence of conditions on the growth and behaviour
of noble crayfish Astacus astacus L.

The observation period lasted six months,
with monthly measurements carried out by two
hydrobiologists. At the start of the experiment,
juveniles of Astacus astacus aged 1-2 months,
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obtained after laboratory selection of postlar-
vae, were used. Initial biometric parameters were
1.2#0.1 cm and 1.8%0.3 g, which corresponded to
the early juvenile stage of development. The total
number of individuals in the experiment was 180
specimens, evenly distributed among the three
tanks (60 individuals in each). This ensured equal
stocking density and allowed the dynamics of the
population to be monitored in terms of the gener-
al recirculation system.

For monthly monitoring, 60 individuals were
selected each time, 20 from each tank, which made
it possible to carry out a weighted analysis without
disrupting the general population structure. Mean
body length (cm) was measured with a Mitutoyo
500-196-30 digital calliper (Japan) with an accura-
cy of #0.01 cm, and mean weight (g) with Radwag
WTB 200 laboratory scales (Poland) with an accura-
cy of £0.01 g. Water temperature (°C) was recorded
with a Testo 108 thermometer (Germany), and the
level of dissolved oxygen (mg/1) with a WTW Oxi
3310 electrochemical oximeter (Germany). Sur-
vival (%) was calculated according to formula (1):

s =2z x100, (1)
Ny

where N, — the number of individuals at the begin-
ning of the period and the N, — number of individ-
uals after completion of the observation period.
Measurements were taken simultaneously by two
researchers, and a third recorded the indicators in
a digital observation log. The data obtained were
checked by cross-control.

Water quality control was carried out twice
a month. Measurements were taken by a hydro-
biological technician under the supervision of
the senior researcher. The concentration of am-
monium nitrogen (NH;, mg/l) was determined
by the phenol-hypochlorite method according to
APHA (2017) using a Hach DR/890 photocolorim-
eter (USA). Nitrites (NO,, mg/l) were determined
by the Griess reaction (A =540 nm), and nitrates
(NO,, mg/l) by the cadmium reduction method on
the same device. The pH value was measured with
a Hanna Instruments HI98129 portable pH-me-
ter (USA), and transparency (cm) by a Secchi disc
20 cm in diameter with a white scale. Data were
averaged over three parallel samples taken by one
observer, while another carried out the analysis
and verification of the results.

Behavioural observations were carried out
daily for 20 minutes twice a day — in the light
(10:00) and dark (22:00) periods, corresponding to
the natural daily rhythms of Astacus astacus. Three
specialists took part in the observation group: the
chief biologist, an assistant responsible for video
recording and a technician responsible for regis-
tration of parameters. Video recording was carried
out with a Canon EOS 250D camera (Japan), and
further analysis of behavioural characteristics
was performed using Tracker Video Analysis v6.1
software (USA). Behavioural observations were
carried out in parallel with standardised feeding,
since feeding activity is a key behavioural indica-
tor. Feeding was carried out twice a day — at 09:00
and 21:00. The main diet consisted of sinking
high-protein compound feed (38-42% protein) in
2-3 mm pellets, which ensured even delivery of
nutrients. Additionally, every other day natural
animal feeds (minced shrimps or fish) were added,
which increased feeding motivation and stimulat-
ed growth. The mean daily ration was 2.5-3% of
total biomass; feed was applied locally in the cen-
tre of the tank to control even consumption. After
10-12 minutes, the remains were collected and
weighed, which made it possible to assess the de-
gree of feed utilisation and avoid its accumulation
in the system.

Activity in the light period was assessed on a
five-point scale (1 - low, 5 — high); two independ-
ent observers carried out parallel assessments
with subsequent verification of discrepancies.
Cannibalism (%) was determined visually by the
proportion of individuals with injuries after each
month of the experiment. Reaction to feed was re-
corded with a Casio HS-3V-1R stopwatch (Japan),
measuring the time from feed application to the
approach of the first individual. Aggressiveness
was assessed by counting the number of contacts
(claw strikes, chases) per hour under reproducible
conditions. Stress level was determined on a five-
point scale (1 — complete calm, 5 — panic activity).
Assessment was carried out simultaneously by two
experts, and discrepancies of more than 0.5 points
were reconciled after reviewing the video archive.

After completion of the laboratory stage of
the study, during which 180 juveniles (60 per tank)
were kept in the three tanks, the experiment was
continued under natural conditions to assess the
adaptive capacity of crayfish to a semi-natural
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environment. For the field stage, 60 individuals
were selected and transferred to a controlled sec-
tion of a natural pond with an area of 50 m? and
an average depth of 1.2 m. This ensured the repre-
sentativeness of the sample and made it possible
to observe the behaviour and physiological chang-
es of individuals reared in the recirculating water
supply installation.

The duration of field observations was six
months, during which two biologists carried out
monthly control catches. Survival was determined
according to formula (1), and mean weight was
measured with Radwag WTB 200 laboratory scales,
which ensured comparability of data with the lab-
oratory stage. Activity was assessed on a five-point
scale, cannibalism by the proportion of injured in-
dividuals, and stress level by the duration of im-
mobility after mechanical stimulation, recorded
with a Casio HS-3V-1R stopwatch. The proportion
of females with eggs was determined by the pres-
ence of eggs on the pleopods during catches. The
content of dissolved oxygen (mg/l) in the bottom
layer was measured with a WTW Oxi 3310 oxime-
ter. Behavioural reactions to natural stimuli such
as changes in light, current intensity and structure
of natural shelters were additionally recorded.

Economic indicators were determined on the
basis of actual experimental cost data and mar-
ket prices obtained from open sources — Agro-
Ukraine (n.d.). The duration of the rearing cycle
(months) was determined according to the exper-
imental schedule; survival to the end of the cycle
(%) — using formula (1), as in the previous stages.
The mean weight of marketable crayfish (g) was
established on the basis of the control catch of the
last month. Among the indicators, the environ-
mental efficiency of the system was also assessed,
in particular saving of water resources (%) and re-
duction of catch of natural populations (%), which
was determined by comparison with traditional
pond technologies.

Stocking density was maintained at 12 indi-
viduals per 1 m? To determine this indicator, a
measuring frame with an area of 1 m?, model ARF-
1000 (Korea Measuring Instruments, Republic of
Korea), was used; it was installed on the bottom of
the tank and the individuals within its boundaries
were counted directly. Accounting was carried out
separately in each tank, followed by calculation
of the mean value. Feed costs (UAH/kg of gain)
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were calculated as the ratio of feed consumed to
live weight gain. The cost of rearing 1 kg of cray-
fish (UAH) was calculated by summing the costs
of feed, energy, water, preparations, equipment,
and labour. The market sale price (UAH/kg) was
determined according to the mean wholesale price
for live crayfish on the Ukrainian market (Agro-
Ukraine, n.d.). The expected net profit (UAH/m?/
year) was calculated according to formula (2):

P=(QxC)-C, @)

where Q - the quantity of products obtained (kg/
m?); C, - the market sale price (UAH/kg); C, - the
total costs (UAH/m?/year). The profitability level
(%) was determined according to formula (3):

R= Ci x 100, 3)

where P - net profit (UAH/m?/year) and C_ - the
total costs (UAH/m?/year). Energy consumption
of the installation (kWh/day) was determined
from the readings of a Legrand CX® 412507 meter
(France). Saving of water resources (%) was calcu-
lated by comparing the volume of water used in the
recirculating water supply installations with con-
trol pond technologies according to formula (4):

E= (1 —%) x 100, )

pond

where V¢ - the volume of water used in the re-
circulating water supply installation; V, , - the
mean volume of water used in traditional pond
technology.

The potential for expansion of production (ha)
and the expected annual production (t/ha) were
calculated according to stocking density stand-
ards and mean productivity. The environmental
effect (%) was determined as a reduction in the
catch of natural populations compared with base-
line statistical data of the State Agency for Land
Reclamation, Fisheries, and Food Programmes of
Ukraine (n.d.). All results were processed by meth-
ods of variation statistics using Statistica 12.0
software (USA). To determine the relationships be-
tween growth, survival, hydrochemical indicators
and behavioural characteristics, correlation analy-
sis with the Pearson coefficient (r) was applied. The
results were presented as mean value * standard
error (M £ SE) with a significance level of p<0.05.
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RESULTS

Growth pattern and stability of survival

under laboratory rearing conditions
Recirculating aquaculture systems in 2020-2024
are regarded as one of the most effective direc-
tions of sustainable aquaculture development,
based on the principles of environmental safety
and control of environmental quality. Within the
framework of the study, this technology was used
to create an artificially regulated ecosystem in
which all physicochemical parameters of the water
were maintained at a stable level. This approach
provided consistency between the metabolic pro-
cesses of hydrobionts and the microbiological

self-purification cycles, which minimised depend-
ence on natural water bodies and made it possible
to avoid fluctuations in hydrochemical indicators
under the influence of external factors.

Control of temperature, oxygen concentra-
tion, ammonium nitrogen, nitrites, and nitrates
provided stable conditions for the growth and
development of juvenile noble crayfish. The bio-
filtration and aeration system maintained water
purification in a closed cycle, significantly reduc-
ing the need for fresh water intake. The dynamics
of growth and survival of individuals over a six-
month period of rearing in recirculating aquacul-
ture systems are presented below (Table 1).

Table 1. Dynamics of growth and survival of crayfish juveniles in the recirculating aquaculture system

Ob;:l;\{géion Mean length, cm | Mean weight, g temp\:evraatt%rre, oC I e(\)/:l}fgrrelg 1 Survival, %
Initial (1 week) 1.2+0.1 1.8+0.3 21 7.1 100

1 month 24+0.2 42+04 21.5 6.9 96

2 months 3.1+0.3 6.7+0.5 22 6.8 93

3 months 3.8+0.2 8.9+0.6 21.8 7 90

4 months 44+0.3 9.8+0.5 21.5 6.8 88

5 months 4.9+0.4 10.6+0.4 21 6.9 86

6 months 5.1+0.3 11.7+£0.5 21 6.8 85

Source: developed by the authors on the basis of formula 1

Y

At the initial stage of the experiment (week 1)
the mean length of the juveniles was 1.2 cm and the
weight 1.8 g, which corresponded to the post-lar-
val development phase. During this period, surviv-
al was 100%, with no losses and no deviations in
behaviour. The water temperature was maintained
at 21°C, and the concentration of dissolved oxy-
gen at 7.1 mg/l, which created optimal conditions
for metabolic processes and initial adaptation to
the conditions of the recirculating aquaculture
systems. Hydrochemical stability was ensured by
the continuous operation of the biofiltration unit,
which prevented the accumulation of nitrogenous
compounds and contributed to the formation of
a natural microbial balance in the water. At this
stage, the individuals were characterised by mod-
erate activity, even feed intake and the absence
of aggressive behaviour. In the middle of the ex-
periment (month 3) a period of intensive growth
was observed. The mean body length of individ-
uals reached 3.8 cm and the weight 8.9 g, which
indicated efficient feed conversion and optimal
use of energy resources. The water temperature

remained stable (21.8°C), the oxygen level 7 mg/l,
and the survival rate decreased to 90%, which in-
dicated the onset of natural selection among the
juveniles. Behavioural observations showed a sta-
ble feeding response — the time taken to approach
the feed almost halved compared with the first
month, and the level of aggression gradually de-
creased. The juveniles actively formed a chitinous
exoskeleton, which increased the need for calcium
and a stable pH of the environment. The biofil-
tration system effectively maintained the nitrite
level below 0.05 mg/1, which prevented a toxic ef-
fect on the individuals. The uniformity of growth
was noted - the distribution by length and weight
had minimal variation, which confirmed identical
rearing conditions in all tanks. At the final stage of
the study (month 6) the mean length of individu-
als was 5.1 cm, the weight 11.7 g, and survival de-
creased to 85%, which is a high indicator for closed
systems without water replacement. The tempera-
ture remained within 21°C and the dissolved oxy-
gen content at 6.8 mg/l, which ensured stable res-
piration even with increasing biomass. A slowing
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of growth rates was observed, associated with the
attainment of the maximum stocking density. Be-
havioural reactions remained calm, with no signs
of stress, panic activity or cannibalism. Biological
equilibrium was maintained by the formed biofilm,
which acted as a natural filter holding nitrifying
bacteria. The conditions of the system remained
stable throughout the experiment, as confirmed
by the absence of pH fluctuations (7.3-7.5) and the
preservation of water transparency.

Over the six months, a clear growth pattern
was observed: rapid weight gain during the first
three months and a gradual slowdown of devel-
opment rates after the fourth month, which cor-
responds to the typical biological dynamics of the
species Astacus astacus L. Survival rates decreased
from 100 to 85%, but remained within the norm for
closed hydro-systems. The hydrochemical param-
eters confirmed the stability of the technology —
the concentrations of ammonium nitrogen grad-
ually decreased from 0.35 to 0.07 mg/l, nitrates
from 4.8 to 2.8 mg/l, and water transparency in-
creased from 42 to 55 ¢m, which indicated the ef-
ficient operation of the biofiltration complex. The
results obtained demonstrated the effectiveness of
the conditions created in the recirculating aqua-
culture system for rearing crayfish juveniles. The
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stability of water parameters, constant aeration
and the absence of external influences ensured a
high level of viability, and the growth dynamics
confirmed the physiological norm of development
without signs of stress. Thus, the experiment con-
firmed the feasibility of using the recirculating
aquaculture system as a basis for artificial repro-
duction and conservation of stable populations of
noble crayfish under controlled conditions.

Stability of hydrochemical parameters

in the biofiltration system

Hydrochemical monitoring of recirculating aq-
uaculture systems is a key stage in assessing the
effectiveness, since water quality determines the
viability of hydrobionts, the stability of the micro-
biocenosis and the level of environmental safety
of the installation. Environmental conditions in
recirculating aquaculture systems are constantly
changing under the influence of biological pro-
cesses such as metabolism, mineralisation of or-
ganic compounds and nitrification. Therefore,
determining the dynamics of the main water in-
dicators — ammonium nitrogen, nitrites, nitrates,
acidity, and transparency — makes it possible to
trace the sequence of the formation of biological
equilibrium in the system (Table 2).

Table 2. Dynamics of hydrochemical indicators in the recirculating aquaculture system

Observation period NH;, mg/I NO;, mg/I NO;, mg/I pH Transparency, cm
Initial (1 week) 0.35+0.02 0.15+0.01 48+0.3 71 42
1 month 0.22+0.02 0.09+0.01 3.6+0.2 7.2 46
2 months 0.15+0.01 0.06+0.01 3.2+0.3 7.3 49
3 months 0.11+0.01 0.05+0.01 3.1+0.2 7.4 50
4 months 0.09+0.01 0.04+0.01 3+0.3 7.4 52
5 months 0.08+0.01 0.03+0.01 29+0.3 7.5 53
6 months 0.07+0.01 0.03+0.01 2.8+0.2 7.5 55

Source: developed by the authors

Over the six months of the experiment in the
recirculating aquaculture system, a clear trend of
improvement in the main hydrochemical indica-
tors was observed, which indicated stabilisation
of the nitrogen cycle and effective operation of
biofiltration. The content of ammonium nitrogen
(NH;) decreased from 0.35 mg/1 at the beginning
of the experiment to 0.07 mg/l at the end, i.e.,
more than fivefold. Nitrites (NO;) showed a sim-
ilar dynamics, with the concentration decreasing

Biological Systems: Theory and Innovation, Vol. 16, No. 4, 2025

from 0.15 to 0.03 mg/l, which indicated active
transformation of reduced forms of nitrogen and
the full functioning of nitrifying microflora. The
final products of mineralisation - nitrates (NO;) -
decreased from 4.8 to 2.8 mg/1, which reflected the
gradual establishment of a closed nitrogen cycle
and a reduction in the load on the biofilter. The pH
rose from 7.1 to 7.5, which indicated a reduction in
the amount of free carbon dioxide and strength-
ening of the buffering system of the aquatic envi-
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ronment. Water transparency increased from 42 to
55 cm (by approximately 30%), which confirmed a
decrease in the concentration of suspended organ-
ic particles and increased efficiency of self-purifi-

cation processes.

The overall dynamics of the indicators shows
that the main changes occurred during the first
three months of the system’s operation, when the
biofilm was formed and the microbiological com-
munity stabilised. In the subsequent period the re-
circulating aquaculture system operated in a mode
of biological equilibrium, providing low concen-
trations of ammonium, nitrites and nitrates, sta-
ble pH and high-water transparency. This confirms
that the recirculating aquaculture system effec-
tively maintains water quality without additional
replacement, providing ecologically balanced con-

Environmental efficiency of recirculating water...

ditions for rearing hydrobionts.

Formation of social structure and behavioural
equilibrium of the population

The behavioural characteristics of crayfish juve-
niles in recirculating aquaculture systems reflect

the processes of adaptation, socialisation and sta-

bilisation of the internal structure of the popula-
tion. The study of these reactions is important for
understanding how technological conditions in-
fluence the welfare of hydrobionts and the effec-
tiveness of rearing. During the experiment a con-
sistent decrease in aggression and cannibalism, a
reduction in reaction time to feed and a decrease
in manifestations of stress were traced, which in-
dicated stabilisation of social behaviour. The main
attention was paid not to individual numerical
fluctuations, but to trends and cause-and-effect re-
lationships that explain the formation of a harmo-

nious behavioural structure of the group (Table 3).

Table 3. Dynamics of behavioural traits of crayfish juveniles in the recirculating aquaculture system

Observation H Ii\iCt'i]\éify ci?nts Cannibalism, % | Reaction to feed Ag(%ﬁa;sg\é?r;?ss Stress level (visual

period 5}’p§int gcale) * | ofindividuals | (approach time, s) contacts/hour) assessment, points)
1 month 2.1+0.3 4.8 38+6 7.5+1.1 3.8+0.4
2 months 2.7+0.2 3.6 30+5 6.1+0.8 3.3+0.3
3 months 3.4+0.3 2.2 24+4 4.8+0.6 2.8+0.3
4 months 3.9+0.2 1.5 20+3 3.5+0.5 2.3+0.2
5 months 43+0.2 1.1 17+3 2.9+0.4 2+0.2
6 months 4.6+0.1 0.9 15+2 2.5+0.3 1.8+£0.2

Source: developed by the authors

Comparative analysis of the behavioural indi-
cators of juvenile noble crayfish over a six-month
period of rearing in recirculating aquaculture sys-
tems revealed clear relationships between the level
of activity, aggression, stress, and reaction to feed,
which indicate the gradual stabilisation of the eth-
ological structure of the population. Already at the
initial stage activity was 2.1 +0.3 points, accom-
panied by high stress (3.8 + 0.4 points), significant
aggressiveness (7.5 + 1.1 contacts/hour) and a de-
layed reaction to feed (38 =6 s). This combination
of indicators reflected the population’s inability to
exhibit coordinated behaviour: the animals spent
energy on searching for shelters and territorial
clashes, which intensified cannibalism (4.8%).

In the middle of the observation period
these indicators changed synchronously: an in-
crease in activity to 3.4 +0.3 points was accom-
panied by a decrease in stress to 2.8 #0.3 points,

N

a reduction in reaction time to 24+ 4 s and an
almost twofold decrease in aggressiveness — to
4.8 £ 0.6 contacts/hour. At the same time, the
proportion of cannibalism decreased to 2.2%.
These unidirectional dynamics indicated the for-
mation of primary social organisation: stabilisa-
tion of territorial boundaries, synchronisation of
movements and coordinated response to feeding.
The gradual improvement of the oxygen regime
and water purification in the recirculating aqua-
culture systems contributed to the reduction of
irritating factors, which was directly reflected in
behavioural reactions.

In the final phase, the most pronounced con-

solidation of parameters was observed. Activity
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reached 4.6 # 0.1 points and stress decreased to
1.8+0.2 points, which indicated physiological sta-
bility. Reaction time shortened to 15*2 s and ag-
gressiveness to 2.5+ 0.3 contacts/hour, i.e., three




times less than at the beginning of observations.
Cannibalism dropped to 0.9%, which in fact cor-
responds to isolated cases. The combination of
these indicators demonstrated the transition
of the population to a mature social structure:
movements became orderly, individuals-main-
tained distance, and behaviour during feeding
was collectively coordinated.

The increase in activity (from 2.1 to 4.6
points) was accompanied by a systematic reduc-
tion in aggression (from 7.5 to 2.5 contacts/hour),
stress (from 3.8 to 1.8 points) and reaction time
to feed (from 38 to 15 s). The relationships be-
tween the indicators show that stabilisation of
the environment in the recirculating aquaculture
system created conditions in which the behav-
ioural energy of individuals ceased to be spent on
conflicts and territorial defence and was directed
towards growth, feeding and social interaction.
This confirms that the recirculating aquaculture
system provides an ethologically comfortable
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space in which the population forms a stable and
predictable behavioural structure.

Indicators of physiological adaptation

after transfer to the natural environment
Adaptation of artificially reared noble crayfish to
natural conditions is a key stage in assessing the
effectiveness of recirculating aquaculture technol-
ogies. The transition from a controlled environ-
ment to a natural water body is accompanied by
changes in behavioural, physiological and repro-
ductive indicators, which reflect the level of eco-
logical plasticity of the species. Analysis of these
processes makes it possible to determine how
successfully individuals reproduced in laboratory
conditions are able to maintain a stable popula-
tion structure in the natural environment. An im-
portant aspect is observation of survival, growth,
behavioural activity, stress level and frequency of
cannibalism, since these parameters indicate the
state of adaptation mechanisms (Table 4).

Table 4. Dynamics of the main indicators of crayfish adaptation after transfer to a water body

Indicator 1 month 2" month | 3“month | 4" month | 5" month | 6% month

Survival, % 100 95 90 84 78 72

Mean weight, g 115+4 118+5 122+5 126+6 129+6 13317

Activity (5-point scale) 3.1+0.2 3.4+0.2 3.8+0.2 4.1+0.2 4.4+0.1 4.6+0.1
Cannibalism, % 0 1.8 2.9 3.1 2.7 2.4

Stress level (points) 2.8+0.3 2.3+0.2 2+0.2 1.9+0.2 1.8+0.1 1.7+0.1
Proportion of females with eggs, % - 15 35 55 65

Dissolved oxygen, mg/I 7.8+0.4 7.6+0.3 7.4+0.3 7.3+0.3 7.2+0.3 7+0.2

Source: developed by the authors on the basis of formula 1

After the transfer of older crayfish, previous-
ly reared in the recirculating aquaculture system,
to a natural water body, a consistent dynamic of
physiological and behavioural adaptation was
observed. At the beginning of the observations,
survival was 100%, mean weight 115+4 g, activity
3.1%+0.2 points and stress level 2.8 +0.3 points. A
stable oxygen background (7.8 £0.4 mg/1) and the
presence of natural shelters ensured the absence
of cannibalism and created favourable conditions
for acclimatisation. High motor coordination
during evening and night periods indicated the
preservation of the natural ethological rhythm
after transfer from the controlled environment.

During the third month survival natural-
ly decreased to 90%, which reflected typical

adaptation losses in open water bodies, but at
the same time progress in physiological param-
eters was noted. The mean weight increased to
122+5 g, activity to 3.8+0.2 points and stress lev-
el decreased to 2£0.2 points. The oxygen regime
remained stable (7.4+0.3 mg/1), which supported
normal metabolism. Cannibalism was 2.9%, oc-
curring mainly during moulting periods. At this
stage, the first females with eggs appeared (15%),
which indicated restoration of reproductive func-
tions and adaptation to the natural cycle.

By the end of the sixth month, the popula-
tion had acquired features of ecological stabil-
ity. Survival was 72%, mean weight increased
to 133 =7 g, activity to 4.6 £ 0.1 points and
stress level decreased to 1.7 £ 0.1 points. The
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proportion of cannibalism decreased to 2.4%,
which corresponds to the natural level for adult
populations. The concentration of dissolved ox-
ygen remained at 7 £0.2 mg/l. The most impor-
tant indicator was a significant increase in the
proportion of females with eggs to 65%, which
confirmed complete reproductive adaptation
and maturation of gonads in the natural envi-
ronment. Behavioural reactions at the end of
the period became clearly structured: crayfish
maintained territorial distances, avoided con-
flicts and responded to natural stimuli (current,
light, food base) without signs of disorienta-
tion. Synchronisation of activity and reduction
of stress reactions confirmed the successful for-
mation of a balanced behavioural structure of
the population.

Assessment of the economic performance

of the intensive rearing technology

The development of crayfish rearing technologies
in recirculating aquaculture systems opens up
new opportunities for creating efficient, ecologi-
cally balanced aquaculture models. Such systems
make it possible to combine the stability of pro-
duction processes with minimal impact on the en-
vironment, ensuring a steady increase in biomass
under controlled parameters of the aquatic envi-
ronment. A comprehensive assessment of biolog-
ical, technological and economic aspects makes
it possible to determine the optimal operating
conditions of recirculating aquaculture systems,
ensuring a combination of high productivity, low
energy consumption and environmental sustain-
ability of production (Table 5).

Table 5. Main indicators of the economic and environmental efficiency of the experiment

Y

Indicator Value Interpretation/comment
] ’ Full annual cycle with two phases: artificial on-growing and semi-
Duration of the rearing cycle, months 12 natural holding
Survival to the end of the cycle, % 72 High indicator for closed systems without water replacement
Mean weight of marketable crayfish,g | 133+6 Optimal size for sale on the market
Number of individuals per 1 m?, pcs 12 Stocking density without signs of stress
Feed costs, UAH/kg of gain 48 Economically acceptable level when using compound feeds
. Includes costs of feed, electricity, water, and equipment
Cost of rearing 1 kg, UAH 138 depreciation
Mean market sale price, UAH/kg 310 According to prices on the domestic market for live crayfish
Expected net profit, UAH/m?/year 2,050 Calculated taking into account profitability above 55%
Profitability level, % 55.2 High economic efficiency with minimal environmental risks
Energy consum&ﬁr)dc;fythe installation, 3.6 Low indicator due to water recirculation
Saving of water resources, % 92 Compared with the traditional pond method
Potential for expansion of production, ha | 0.5-1 For farm-level production while maintaining profitability
Expected annual production, t/ha 3.2 With a two-cycle turnover of individuals
Environmental effect (reduction of catch 40 Contributes to reducing pressure on wild populations and
from nature), % biodiversity of water bodies

Source: developed by the authors based on Agro-Ukraine (n.d.), DSTU EN ISO/IEC 17025:2019 (2019), and formulae 1-4

The total duration of the rearing cycle was 6
months. Such a structure of the cycle made it pos-
sible to maintain continuity of the process from
the moment of stocking juveniles to obtaining
marketable products, ensuring complete closure
of the technological chain. The survival rate to the
end of the cycle was 72%, which is high for recir-
culating systems. This indicated the efficient op-
eration of the biofiltration system, optimal water
parameters and the absence of toxic load. High
survival ensured population stability, reduced
costs for restocking juveniles and lowered the cost

price of the products. The mean weight of mar-
ketable crayfish was 133 =6 g, which corresponds
to market standards for the sale of live product
in restaurants or on wholesale markets. Such in-
dividuals have an optimal ratio of meat to shell,
which increases the commercial attractiveness.

A stocking density of 12 individuals per 1 m?
ensured a balance between biological productivity
and environmental comfort. This density made it
possible to avoid stressful situations, reduced the
risk of cannibalism, and did not require excessive
filtration. At higher stocking densities, as field
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observations show, the frequency of contacts be-
tween individuals increases, which can negatively
affect growth and survival. Special attention was
paid to feed costs, which were 48 UAH/kg of gain.
This indicator is considered economically accept-
able for aquaculture, as it provides a feed-to-gain
ratio close to 1.5:1. The reduction in costs became
possible due to the use of compound feeds with
increased energy value and the remnants of nat-
ural food in the water body. The cost of rearing
1 kg of crayfish was UAH 138, which included the
costs of feed, electricity, maintenance of the filtra-
tion system, water, and equipment depreciation.
Even under conservative calculations, with a mean
market sale price of 310 UAH/kg, profitability re-
mained considerable. Thus, net profit was about
2,050 UAH/m?/year, and profitability reached
55.2%. This level of efficiency makes it possible
to classify the technology as highly profitable for
small-scale farming. Energy efficiency of the sys-
tem was of particular importance. The average en-
ergy consumption of the installation was only 3.6
kWh/day, which is a low indicator for aquaculture
facilities with constant aeration. This became pos-
sible due to the design of the biofilter with natural
aeration and water recirculation. Thus, operating
costs for electricity remained minimal, which addi-
tionally increased the overall economic feasibility.

An important indicator was the saving of wa-
ter resources, which reached 92% compared with
traditional pond technologies. This meant that,
due to the closed cycle of purification and reuse
of water, the system functioned practically with-
out losses. Such an approach made it possible not
only to reduce costs, but also to ensure compliance
with modern environmental water-saving require-
ments. From the point of view of scaling up, the
potential for expansion of production was 0.5-1 ha
for farm-level production while maintaining prof-
itability. Calculations showed that at such a scale
it is possible to achieve an annual production of
up to 3.2 t/ha, i.e., about 3,200 kg of marketable
crayfish with a two-cycle turnover of individuals.
This made it possible to transform the experimen-
tal model into a stable farm with a fully closed bi-
otechnological process.

Assessment of the environmental -effect
showed that the introduction of the system can
reduce the catch of natural crayfish popula-
tions by approximately 40%, which has a direct
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positive impact on river and lake ecosystems. A re-
duction in poaching pressure, in turn, contributes
to the restoration of natural spawning grounds
and improvement of biodiversity. In addition, wa-
ter leaving the system after biofiltration did not
contain excess organic substances, which prevent-
ed eutrophication or deterioration of the quality
of natural waters. An important indicator of en-
vironmental sustainability is the energy intensi-
ty of the process, which remained within natural
balances and did not require constant use of fuel
resources. Owing to this, the system had the po-
tential to be integrated into local energy-saving
programmes, including power supply from solar
panels or biogas plants. Thus, the comprehensive
assessment proved that the proposed technology
combined high biological productivity, a mini-
mal level of water consumption, low energy costs
and significant profitability. It can be adapted to
the conditions of different regions — from private
households to industrial farm systems. The overall
result showed that a cycle duration of 12 months,
survival of 72%, profitability of 55%, energy con-
sumption of 3.6 kWh/day and water saving of 92%
form a balanced model of economic and environ-
mental management. At the same time, the envi-
ronmental effect — a 40% reduction in catch from
natural water bodies — confirmed that the system
is not only economically advantageous, but also
contributes to the conservation of biodiversity.
Consequently, the use of the recirculating aqua-
culture system has the potential to become a key
direction in the development of modern, environ-
mentally oriented aquaculture business, which
combines technological innovation, economic
feasibility and nature-conservation effect. Such a
system makes it possible not only to ensure stable
production of high-quality hydrobiological prod-
ucts, but also to reduce pressure on natural water
bodies, contributing to the gradual restoration.
Thanks to minimal water consumption, low ener-
gy intensity, controlled microclimate and the pos-
sibility of multiple use of resources, the installa-
tion creates a closed ecological cycle within which
all by-products of production can be repeatedly
involved in the economic process.

DISCUSSION
The results obtained showed that the use of the
recirculating water supply installation provided
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stable conditions for the growth and development
of river crayfish over the six months of the ex-
periment. In the first week the juveniles were in
the adaptation phase, but even at this stage one
hundred per cent survival was recorded, which
indicated the effectiveness of the conditions for
the initial start-up of the system. The gradual in-
crease in body length from 1.2 to 5.1 cm and in
mass from 1.8 to 11.7 g demonstrated uniform
growth without sharp fluctuations, which pointed
to a balanced ratio between feed supply and the
physicochemicalparameters of the environment.
Overall, the temperature regime was maintained
within 21-22°C, and the level of dissolved oxygen
at 6.8-7.1 mg/1, which corresponded to the optimal
conditions for the metabolism of Astacus astacus.
Survival decreased only to 85% at the end of the
experiment, which confirmed the minimal impact
of stress factors and the absence of critical devia-
tions in the operation of the system. The biofiltra-
tion complex effectively maintained chemical bal-
ance, reducing the concentration of ammonium
nitrogen from 0.35 to 0.07 mg/l, nitrites from 0.15
to 0.03 mg/1, and nitrates from 4.8 to 2.8 mg/1. The
parallel increase in pH to 7.5 and the rise in water
transparency to 55 cm confirmed the stability of
the functioning of the biocenosis of the filter. It was
established that the formed self-regulating sys-
tem maintained a closed nitrogen-exchange cycle
without external intervention. This made it possi-
ble to minimise water consumption and to ensure
a clean rearing environment. Crayfish cultivation
reduced the pressure on natural populations and
could significantly decrease the scale of poaching.
With an increase in the volumes of legal rearing,
the market price of crayfish decreased, which re-
duced the attractiveness of illegal harvesting.

Taking into account the influence of techno-
logical factors on the health of aquaculture organ-
isms, the studies by L. Owens & J. Elliman (2025)
and R. Wood et al. (2025) highlighted the issue of
monitoring the status of crustacean and amphib-
ian populations in altered environmental con-
ditions. L. Owens & J. Elliman investigated the
emergence of pathogens in rearing systems for
Cherax quadricarinatus in Australia, establishing
a relationship between holding conditions and
the frequency of infectious outbreaks. R. Wood et
al. applied environmental DNA methods to detect
residual amphibian populations, demonstrating

the advantages of molecular control. In contrast
to these works, the present study did not require
external genetic or microbiological intervention,
since the stability of the recirculating water supply
installations was maintained by natural biofiltra-
tion. In addition, the survival achieved at the level
of 85-100% and the absence of pathogens con-
firmed the environmental safety and effectiveness
of the closed purification cycle.

Considering the experience of studies of natural
and artificial populations of aquatic invertebrates,
the works of V.C. Terrell et al. (2023) and G. Kwiki-
riza et al. (2025) considered issues of population re-
production and the risks of aquaculture impacts on
natural ecosystems. V.C. Terrell et al. established
the dynamics of reproduction of Rana areolata
under natural conditions, whereas G. Kwikiriza et
al. emphasised the danger of escapes from aqua-
culture systems, which threatened the gene pool
of local species. The present study demonstrated
a different approach - a fully closed technological
system without contact with the natural environ-
ment, which eliminated invasive risks. The exper-
imental model provided stable population growth,
a controlled hydrochemical regime and the pos-
sibility of completing the full life cycle without
negative impacts on external aquatic ecosystems.

With regard to studies devoted to rare and
protected crustacean species, the research of
R.B. McCormack & N.S. Whiterod (2024) and
C.C. Bloomer et al. (2024) examined the biologi-
cal characteristics and conservation factors of in-
digenous species Euastacus gamilaroi and prairie
crayfish. R.B. McCormack & N.S. Whiterod ana-
lysed threats to population degradation in natural
waterbodies caused by disruption of the hydro-
logical regime and human activity. C.C. Bloom-
er et al. noted that the application of conservation
practices can contribute to stabilising population
numbers, but these approaches did not provide for
experimental control of environmental parame-
ters. In comparison with these works, the present
study was distinguished by experimental depth,
clear regulation of hydrochemical indicators and
practical orientation. Owing to the creation of a
self-regulating recirculating water supply system,
it was possible to achieve biological equilibrium,
high survival and reproductive potential, which
determines the prospects of this technology for
the future restoration of natural populations.
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Considering the results of studies devot-
ed to the invasive potential of aquaculture spe-
cies, the works of P.J. Haubrock et al. (2021) and
A. Max-Aguilar et al. (2021) analysed the ecolog-
ical risks and genetic diversity of Cherax quadri-
carinatus. P.J. Haubrock et al. determined that the
expansion of cultivation of this species creates a
threat to biodiversity in tropical regions due to
its high adaptability and potential to escape into
natural waterbodies. A. Max-Aguilar et al. assessed
the genetic variability of populations in Mexico
in order to create a breeding programme, but the
study was limited to the population level without
analysing the impact of holding conditions. The
present study, on the contrary, was aimed at work-
ing out the technological parameters of keeping
in a closed system, which completely eliminated
ecological risks. The results obtained proved that
stable indicators of growth, survival and hydro-
chemical balance can be achieved without the in-
volvement of invasive species, providing an envi-
ronmentally safe alternative to open systems.

Taking into account works oriented towards
new monitoring methods and integrated rear-
ing approaches, J.A. Greenhalgh et al. (2024) and
Y. Wei et al. (2023) investigated various models
combining environmental control and innovative
technologies in aquaculture systems. J.A. Green-
halgh et al. showed that the use of environmental
DNA can optimise species conservation strategies,
but this approach remained exclusively diagnos-
tic. Y. Wei et al. examined the Chinese integrated
“rice-crayfish” system, which emphasised econom-
ic benefits, while at the same time noting difficul-
ties with maintaining stable water quality. Unlike
these works, the present study achieved a balance
between technological stability and environmen-
tal sustainability: the closed system ensured sta-
ble hydrochemical parameters, consistent survival
and minimal environmental impact, which makes
it a more manageable and reproducible model.

Bearing in mind generalised data on intensifi-
cation and physiological adaptation of crustaceans,
the works of M.G. Emerenciano et al. (2022) and
J.R.Latournerié-Cerveraetal.(2025) considered var-
ious aspects of feeding, physiology and crustacean
responses to environmental changes. M.G. Emer-
enciano et al. summarised advances in shrimp cul-
ture, emphasising the effectiveness of intensified
systems, but without a detailed analysis of the
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environmental consequences.].R. Latournerié-Cer-
vera et al. examined the phenology of Cambarellus
montezumae in Mexican waterbodies, revealing a
relationship between water quality and popula-
tion activity. In comparison with these works, the
present study was of a more comprehensive nature,
combining physiological, hydrochemical and bio-
technical aspects. The stability achieved in growth
indices, oxygen levels and water transparency
confirmed that the presented recirculating water
supply installation system can provide the com-
plete life cycle of crayfish without ecological risks
and without interference with natural populations.

Taking into account studies aimed at trends
in fisheries, M. Eilitta et al. (2023) and G. Araujo et
al. (2022) examined the ecological and techno-
logical challenges of modern aquaculture. M. Ei-
litta et al. analysed the population ecology of
introduced crayfish in Zambia, establishing that
invasive species adapt rapidly and displace local
fauna, creating risks for natural biotopes. G. Arau-
jo et al. summarised current trends in fish farming,
emphasising the transition to technologically in-
tensive systems, but without a detailed ecological
assessment of the impact. Unlike these works, the
present study focused on endogenous populations
of Astacus astacus in a controlled environment
without ecological risks. The achievement of sta-
ble growth indicators, high survival (85-100%) and
a closed nitrogen cycle confirmed the advantage
of the laboratory model over open or invasion-de-
pendent systems.

Given the works devoted to spatial distribu-
tion and modelling of the spread of aquatic or-
ganisms, N.J. Mecha & R.G. Dolorosa (2024) and
J.A. Daniels et al. (2023) studied environmental
and infrastructural factors determining popula-
tion dynamics in open waterbodies. N.J. Mecha
& R.G. Dolorosa investigated larval collection
sites of lobsters Panulirus spp. in the Philippines,
identifying key hydrological parameters but with-
out reproducing controlled growth conditions.
J.A. Daniels et al. created a model of the spread of
invasive species in river systems, focusing on the
impact of hydraulic structures. In contrast to these
works, the present study had an experimentally
controlled character: all hydrochemical parame-
ters were kept stable, which ensured the complete
absence of migration risks and made it possible to
trace growth patterns in an isolated biosystem.
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Taking into account studies oriented towards
biodiversity conservation and the digitalisation
of aquaculture, M.V. Alvanou et al. (2022) and
W.K. Cheng et al. (2025) described the latest ap-
proaches to monitoring crustacean populations.
M.V. Alvanou et al. summarised the status of cray-
fish conservation in Greece, identifying problems
of degradation of natural waterbodies and propos-
ing measures for stock replenishment, but without
developing technological solutions. W.K. Cheng et
al. presented the concept of “smart aquaculture”,
in which the condition of crayfish was assessed by
means of computer vision and Internet of Things
systems. In comparison with these studies, the
present experimental work had a practically ver-
ified character: hydrochemical stability, steady
growth and minimal biomass losses showed that
even without complex digital algorithms, the re-
circulating water supply installation system is ca-
pable of ensuring high efficiency, biosecurity, and
reproducibility of results under real conditions.
Thus, the results obtained demonstrated that sta-
ble water parameters, high survival and the grad-
ual increase in crayfish biomass confirmed the
effectiveness of the presented recirculating wa-
ter supply system as an environmentally safe and
technologically balanced aquaculture model.

CONCLUSIONS
In the course of the study, the effectiveness of the
recirculating water supply installation for rearing
the river crayfish Astacus astacus L. under labo-
ratory-controlled conditions was experimentally
confirmed. Over six months of rearing, the average
length of the juveniles increased from 1.2+0.1 cm
to 5.1 #0.3 cm, and the average mass from
1.8%£0.3 g to 11.7%0.5 g. Survival during this peri-
od remained high - from 100% at the beginning of
the experiment to 85% at the end. Water tempera-
ture was maintained within 21-22°C, and the level
of dissolved oxygen at 6.8-7.1 mg/l. Hydrochemi-
cal control showed a decrease in the concentration
of ammonium nitrogen from 0.35 to 0.07 mg/1, ni-
trites from 0.15 to 0.03 mg/1 and nitrates from 4.8
to 2.8 mg/l, with an increase in pH from 7.1 to 7.5
and an increase in transparency from 42 to 55 cm.
This confirmed the effective functioning of the bi-
ofilter and the formation of a stable internal eco-
system. Behavioural analysis showed a clear posi-
tive trend: the activity of the juveniles increased

from 2.1+0.3 to 4.6 + 0.1 points, the stress level
decreased from 3.8+0.4 to 1.8%0.2 points, the pro-
portion of cannibalism fell from 4.8% to 0.9%, and
the reaction time to feed decreased from 38 to 15
seconds. This indicated stable metabolism and the
formation of a socially coordinated behavioural
structure of the population.

To assess adaptation under natural condi-
tions, juveniles from the stage of the recirculating
water supply installations were not used, but adult
crayfish, selected separately as a control group of
the adaptation block. For this reason, the average
mass of individuals in the first month after release
was 115+4 g and was not related to the mass of
the juveniles reared in the laboratory. After re-
lease into the waterbody, over six months survival
gradually decreased from 100% to 72%, while the
average mass increased from 115+4 gto 133+7 g.
The activity of adult crayfish reached 4.6 # 0.1
points, the stress level decreased to 1.7#0.1
points, and the proportion of females with eggs
rose to 65%, which indicated complete restoration
of reproductive function and stable physiological
adaptation in the natural environment. Econom-
ic analysis showed that the cost price of rearing
1 kg of crayfish in the laboratory-production cy-
cle was UAH 138, with an average market price
of 310 UAH/kg. The expected net profit reached
2,050 UAH/m?%/year, and profitability exceeded
55%. The results obtained demonstrate that re-
circulating water supply technologies not only
ensure stable growth and high survival, but also
significantly reduce pressure on natural waterbod-
ies, promoting the rational use of water resources.
A limitation of the study was the relatively short
observation period under natural conditions and
the absence of comparative data for other crayfish
species. Further research should be directed to-
wards studying the reproductive cycle, optimising
feeding schemes and developing scalable models
of closed systems for industrial use.
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EkonoriyHa epeKTUBHICTb YCTaHOBOK 3aMKHYTOro BOA0MNoCcTayaHHs
npun WITY4YHOMY pOo3Be/leHHi PiYKOBOro paky

ApTem KpaBuyeHKO

AcnipaHT

[JHINPOBCLKNIA AepXXaBHNN TeXHIYHWIA yHiBepcUTeT
51918, Byn. IHiNpobyaiBcbKa, 2, M. KaM'AHCbKe, YkpaiHa
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KaTepunHa bo>xko

Kananaat 6ionoriuyHnx Hayk, AOLEeHT

[HINPOBCLKNIA AepXXaBHNN TEXHIYHWIA yHiBepcUTeT
51918, Byn. IHiNnpobyaiBcbka, 2, M. KaM'aHcbke, YkpaiHa
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AHoTauist. MeTo10 foCTiIKeHHS 6y/I0 OLiHUTY e(PeKTUBHICTb TEXHOJIOTiI 3aMKHEHOTO BOJHOTO LIMKITY,
10 3HM3KYE BIUIMB HA TIPUPOAHI BOAOIMM Ta CIIPUSE PalliOHAIbBHOMY BUKOPUCTAHHIO BOIHMX PECYpPCiB.
V mocimKeHHi 3aCTOCOBYBAIMCS €KCIIepMMEHTATbHI, aHATITUYHI Ta CTATUCTUYHI MeTOAM: 6iOMeTpUYHi
BUMIipIOBaHHSI, TiIpOXiMiuHMIi KOHTPOJb, TTOBEIiHKOBI CIIOCTepeskeHHST ¥ KopensriliHmii aHamis. Ha
TOYaTKy eKCIIepUMEHTY CcepelHs MOBXKMHA Majbka ctaHoBmia 1,2 cMm, maca — 1,8 1, Tozi IK HaNIpUKiHITI
CIIoCcTepeskeHb MOKasHUKM 3pociau a0 5,1 cm i 11,7 r BignosigmHo. BuskuBaHicTh 36epiranacst y Mexkax
85-100 %, 1m0 cBigUMIO PO ONTUMAaIbHI YMOBM KyJIbTUMBYBaHHS. TemnepaTypa BoAy MigTpUMyBasacs
cTabinbHO Ha piBHI 21-22°C, KOHIIEHTPAIIiSl KMCHIO KolMBanacs B Mexax 6,8-7,1 mr/i, 3a6e3mneuyioumn
HOPMaJIbHMIT MeTab0i3M Timpob6ioHTiB. FigpoxiMiuHmMit aHai3 MOKa3aB edeKTUBHY poboTy 6iodinbTpa:
KOHIIEHTpaIlis aMOHiltHOro azory smeHmwmiacs 3 0,35 go 0,07 mr/a, HiTpuris - 3 0,15 o 0,03 mr/n, a
HiTpariB - 3 4,8 mo 2,8 mr/n. [Ipo3opicTh Boay 3pocia 3 42 1o 55 ¢m, a pH crabinisyBaBcs Ha piBHi 7,5,
IO CBigUMIO TIPO 3aBepIleHHSs eTarry GionoriyHoi crabinizalii cepegoBuia. IToBeiHKOBI TOKa3HUKM
TaKOX MiATBEPAVIN YCITIIIHY afarnTallilo: aKTMBHICTb MOJIOAi 36inbmmaacs 3 2,1 mo 4,6 6aiis, piBeHb
cTpecy 3uusuBcs 3 3,8 mo 1,8 6aiiB, a KaHi6anism ckopoTuscs 1o 0,9 %.ITicis mepeceneHHs y IPUPOTHY
BOZIOVIMY BIDKMBAHICTh paKiB craHoBWIA 72 %, cepenHst Maca — 133 1, a yacTka caMuilb 3 iKpolo gocsria
65 %, 1m0 MiATBEPOMIO MPUPOAHY 3JATHICTh OO BiATBOpeHHS. EKOHOMIUHI po3paxyHKM 3acBimumian
peHTabenbHiCTh BUPOOHMIITBA 55,2 % mpu cobiBapTocTi 138 rpH/Kr Ta unctomy mpubytky 2050 TpH/
M%/pik. EHeprocrnokuBaHHs CUCTeMU Oy/0 HU3BKUM — 3,6 KBT-T0o[/m06Yy, eKOHOMisI BOIHUX PecypciB —
92 %, ekonoriuyHmit epeKT — 3HMKEeHHS BUWIOBY IPUPOIHMX MONy/saLiit Ha 40 %. [IpakTUyHa 3HAUMMICTh
AHOTO MOCTIIKeHHS TOJISATA€ Y MOK/IMBOCTI BUKOPUCTAHHSI OTO Pe3yNbTaTiB JJISI BIIPOBAIKEHHS
eHeproeeKTUBHMX TEXHOJOTi/i BUPOIIYBAaHHS DPIiUYKOBMX DakKiB y (epMepcbKMx Ta MPOMUCTOBUX
rocrogapcTBax YKpainu

Kiio4oBi cjioBa: pupoaHi MOMy/Isii; BYOKMBAHICTh; TiIp0O6iOHTY; peHTabeIbHiCThb; aaTTallist
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