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Abstract
Background. The study is devoted to the study of the main fish-breeding and bi-

ological characteristics (growth rates, survival, etc.) of juvenile Australian red-clawed 
crayfish Cherax quadricarinatus (von Martens, 1868) when kept in different tempera-
ture conditions. In the experiment, two temperature zones were compared: 22 °C (subop-
timal conditions for commercial cultivation) and 26 °C (optimal conditions). The results 
showed that at a temperature of 22 °C, there was a higher increase in weight (18.03%) 
and length (4.19%) compared to suboptimal conditions (5.99% and 4.92%, respective-
ly). The Fulton fatness ratio decreased in both groups. The data obtained is important 
for commercial aquaculture for the correct development of cultivation biotechnologies.

Purpose. The aim of the work was to study the main fish-breeding, biological 
and physiological parameters of juvenile C. quadricarinatus when they are kept in 
different temperature conditions.

Materials and methods. The study was conducted on 73-day-old C. quadri-
carinatus individuals (n=40), divided into 2 groups of 20 specimens each. in each. 
Group No. 1 was kept at a temperature of 22-23°C, group No. 2 – at 26-27°C. The 
specimens were placed in polypropylene containers with overall dimensions of 
74x57x41 cm. Each tank had an individual recycled water filtration system. To re-
duce cannibalism, PVC pipe shelters were placed in the tank. The duration of the 
experiment was 28 days.

The main water parameters were monitored daily using specialized equipment 
and sets of test systems. Feeding was carried out twice a day: frozen chironomid 
larvae (50%) and young bean fruits (50%) in the amount of 6% of the biomass.

The body weight and length of each individual were measured every 7 days of 
the experiment. Based on the data obtained, the main fish-breeding and biological 
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indicators (Fulton fatness coefficient, specific growth rate, survival rate) were cal-
culated. Amino acid analysis was performed by capillary electrophoresis after acid/
alkaline hydrolysis of muscle tissue. To minimize errors, averaged samples from 
individuals of different sizes were used.

Results. During the study, the hydrochemical regime corresponded to the op-
timal values for the content of C. quadricarinatus. The absence of toxic nitrogen 
compounds, as well as copper ions, made it possible to create the necessary condi-
tions for the experiment. In group No. 1, the water temperature averaged 22.26 °C, 
and in group No. 2 – 26.96 °C. The concentration of dissolved oxygen (O2) during 
the experiment averaged 7.52 mg/l and 7.87 mg/l, respectively. As a result of the 
research, it was found that in group No. 1, the body weight of juveniles increased 
by 5.99%, length – by 4.92%, while the Fulton fatness coefficient decreased by 
8.18%. In group No. 2, weight gain was more pronounced (18.03%), with a mod-
erate increase in length (4.19%) and a smaller decrease in fatness ratio (4.1%). The 
analysis of the amino acid composition of muscle tissue revealed significant differ-
ences between the studied groups. The concentration of arginine in the muscles of 
juvenile crayfish from group 1 was significantly higher than in group 2. The total 
concentrations of glutamic acid and glutamine were also higher under suboptimal 
conditions. These changes most likely indicate metabolic adaptation to stressful 
conditions, especially at temperatures close to the lower optimal limit of the species. 
Thus, during the experiment, it was found that the water temperature of 26-27 °C 
contributes to higher growth rates and survival of juveniles, while 22-23 ° C causes 
changes in the physiological status of C. quadricarinatus.

Conclusion. The study revealed differences in the fish-biological and physiological 
parameters of C. quadricarinatus juveniles kept in different temperature conditions. At 
an average temperature of 26.96°C, the maximum increase in weight (18.03%) and body 
length (4.19%) was observed, while at 22.26°C these indicators were significantly lower 
(5.99% and 4.92%, respectively). Although the survival rate remained high (95-100%) 
in both cases, a decrease in the fatness coefficient by 8.18% at a lower temperature 
indicates the stress effect of this factor on the aquatic organisms. Amino acid analysis 
showed an increased content of arginine (5.315%) and glutamic acid (4.221%) in indi-
viduals kept at a temperature of 22-23 ° C, which indicates the activation of compensa-
tory metabolic mechanisms. These data probably indicate the high possible adaptability 
of the species in question to changing environmental conditions. The results obtained 
are of great practical importance for the further development of crustacean aquaculture 
(astaculture) in the climatic conditions of the Russian Federation.

Keywords: aquaculture; Cherax quadricarinatus; Australian red-clawed cray-
fish; biotechnology; growth rates; crustaceans
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Научная статья

ОЦЕНКА ТЕМПОВ РОСТА МОЛОДИ 
АВСТРАЛИЙСКОГО КРАСНОКЛЕШНЕВОГО РАКА 

CHERAX QUADRICARINATUS (von Martens, 1868)

Д.Ю. Ковальчук, А.В. Ольшевская, В.Н. Шевченко, Д.С. Саркисян, 
Э.Э. Чолутаева, С.В. Теплякова, М.Ю. Одабашян, Т.С. Дмитриенко

Аннотация
Обоснование. Исследование посвящено изучению основных рыбово-

дно-биологических характеристик (темпы роста, выживаемость и др.) молоди 
австралийского красноклешневого рака Cherax quadricarinatus (von Martens, 
1868) при их содержании в разных температурных условиях. В эксперименте 
сравнивались две температурные зоны содержания: 22 °C (неоптимальные 
условия для товарного выращивания) и 26 °C (оптимальные условия). Резуль-
таты показали, что при температуре 22 °C наблюдался более высокий прирост 
массы (18,03%) и длины (4,19%) по сравнению с неоптимальными условия-
ми (5,99% и 4,92% соответственно). Коэффициент упитанности по Фультону 
снизился в обеих группах. Полученные данные имеют значение для товарной 
аквакультуры для корректной разработки биотехнологий выращивания.

Цель. Целью работы было изучение основных рыбоводно-биологических 
и физиологических показателей молоди C. quadricarinatus при их содержании 
в разных температурных условиях. 

Материалы и методы. Исследование проводилось на 73-суточных осо-
бях C. quadricarinatus (n=40), разделенных на 2 группы по 20 экз. в каждой. 
Группа №1 содержалась при температуре 22-23°C, группа №2 – при 26-27°C. 
Особи размещались в полипропиленовых емкостях с габаритными размера-
ми 74x57x41 см. Каждая емкость имела индивидуальную систему фильтра-
ции оборотной воды. Для снижения каннибализма в емкости были помещены 
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укрытия из ПВХ-труб. Длительность эксперимента составила 28 суток.
Основные параметры воды контролировались ежедневно с использова-

нием специализированного оборудования и наборов тест-систем. Кормление 
проводилось дважды в сутки: замороженными личинками хирономид (50%) 
и молодыми плодами фасоли (50%) в количестве 6% от биомассы.

Каждые 7 суток эксперимента измеряли массу и длину тела у каждой особи. 
На основании получаемых данных рассчитывали основные рыбоводно-био-
логические показатели (коэффициент упитанности по Фультону, удельную 
скорость роста, выживаемость). Аминокислотный анализ проводили методом 
капиллярного электрофореза после кислотного/щелочного гидролиза мышеч-
ной ткани. Для минимизации погрешностей использовали усредненные пробы 
от особей разного размера.

Результаты. В ходе исследования гидрохимический режим соответство-
вал оптимальным значениям для содержания C. quadricarinatus. Отсутствие 
токсичных соединений азота, а также ионов меди, позволило создать необ-
ходимые условия для проведения эксперимента. В группе №1 температура 
воды составляла в среднем 22,26 °C, а в группе №2 – 26,96 °C. Концентрация 
растворённого кислорода (О2) в ходе эксперимента составляла в среднем 7,52 
мг/л и 7,87 мг/л соответственно. 

В результате исследований было установлено, что в группе №1 масса тела 
молоди увеличилась на 5,99%, длина – на 4,92%, тогда как коэффициент упи-
танности по Фультону снизился на 8,18%. В группе №2 прирост массы был 
более выраженным (18,03%), при умеренном увеличении длины (4,19%) и 
меньшем снижении коэффициента упитанности (4,1%). 

Анализ аминокислотного состава мышечной ткани выявил значительные 
различия между исследуемыми группами. Концентрация аргинина в мыш-
цах молоди раков из группы №1 значительно превышала показатели в группе 
№2. Суммарная концентрация глутаминовой кислоты и глутамина также была 
выше в неоптимальных условиях. Эти изменения, вероятнее всего, свидетель-
ствуют о метаболической адаптации к стрессовым условиям, особенно при 
температурах, близких к нижней оптимальной границе вида.

Таким образом, в ходе эксперимента установлено, что температура воды 
26-27°C способствуют более высоким темпам роста и выживаемости моло-
ди, в то время как 22-23°C вызывают изменения в физиологическом статусе 
C. quadricarinatus.

Заключение. Проведенное исследование выявило различия в рыбово-
дно-биологических и физиологических показателях молоди C. quadricarinatus, 
содержащихся в различных температурных условиях. При средней температу-
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ре 26,96°C наблюдался максимальный прирост массы (18,03%) и длины тела 
(4,19%), тогда как при температуре 22,26°C эти показатели были значительно 
ниже (5,99% и 4,92% соответственно). Хотя выживаемость оставалась высокой 
(95-100%) в обоих случаях, снижение коэффициента упитанности на 8,18% 
при более низкой температуре свидетельствует о стрессовом воздействии это-
го фактора на организм гидробионтов.

Аминокислотный анализ показал повышенное содержание аргинина 
(5,315%) и глутаминовой кислоты (4,221%) у особей, содержащихся при тем-
пературе 22-23°C, что указывает на активацию компенсаторных метаболиче-
ских механизмов. Эти данные, вероятно, свидетельствуют о высокой возможной 
адаптивности рассматриваемого вида к изменяющимся условиям среды.

Полученные результаты имеют важное прикладное значение для дальней-
шего развития аквакультуры ракообразных (астацикультуры) в климатических 
условиях Российской Федерации.

Ключевые слова: аквакультура; Cherax quadricarinatus; австралийский 
красноклешневый рак; биотехнология; темпы роста; ракообразные
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Introduction
Australian redclaw crayfish Cherax quadricarinatus (von Martens, 1868) 

is a promising species for aquaculture, characterized by a high growth rate and 
good survival compared to other cultivated crustaceans (shrimp, crabs). The 
species in question is a representative of a tropical faunal complex, whose nat-
ural habitat is the rivers and streams of Northern Australia [15].

The optimal temperature for keeping C. quadricarinatus is considered to 
be 28 °C [16]. However, in conditions of aquaculture (especially when grown 
in ponds), crustaceans can experience sudden changes in water temperature, 
including diurnal changes, which can negatively affect the physiological state 
of aquatic organisms, the success of cultivation and resistance to infectious and 
invasive agents [15].

The study of the fish-breeding and biological features of the Australian red-
claw crayfish in various temperature conditions is of considerable interest from 
the point of view of developing sustainable biotechnologies for cultivation in 
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the southern regions of the Russian Federation. The tropical origin of C. quad-
ricarinatus necessitates the creation of optimal temperature conditions close 
to the natural environment to ensure the normal functioning of crustaceans and 
maximum productivity in aquaculture [12].

In most studies devoted to the development and improvement of C. quadri-
carinatus biotechnology, researchers determine the biological temperature op-
timum at which aquatic organisms are successfully contained and reproduced. 
However, for commercial aquaculture conditions, it is important to determine 
the technological temperature optimum at which commercial cultivation of 
C. quadricarinatus will be characterized by maximum efficiency in terms of 
heat transfer costs, feeding, etc. [3; 12; 14].

Thus, the study of the growth rates and other fish-breeding, biological and 
physiological characteristics of C. quadricarinatus under different temperature 
conditions is an important step in the development of technologies for growing 
this object in aquaculture.

Purpose. The aim of the work was to study the main fish-breeding, biolog-
ical and physiological parameters of juvenile C. quadricarinatus when they are 
kept in different temperature conditions.

Materials and methods
The work was carried out in the research laboratory “Agrobiotechnology 

Center” and the laboratory of Industrial aquaculture of the Don State Tech-
nical University (DSTU) (Rostov-on-Don). The study was approved by the 
Local Independent Ethics Committee of DSTU. During the experiments, the 
recommendations on humane and ethical treatment of laboratory animals were 
followed, including the Directive 2010/63/EU of the European Parliament and 
of the Council dated September 22, 2010 “On the Protection of Animals Used 
for Scientific Purposes”.

Clinically healthy individuals of the Australian redclaw crayfish C. quadri-
carinatus aged 73 days were used for the study. A total of 40 specimens were 
involved in the experiment, which were distributed into two containers of 20 spec-
imens each, based on their average size to form a homogeneous size group. The 
average individual weight of individuals in group № 1 was 14.70±4.04 g, length – 
8.13±0.76 cm. The average weight of experimental individuals in group № 2 was  
6.38± 1.19 g, length – 6.20±0.44 cm. Group № 1 was kept at an average tem-
perature of 22-23 °C, group № 2 – 26-27 °C.

The individuals were placed in polypropylene containers with overall di-
mensions of 74x57x41 cm with a water column height of 25 cm. Each tank was 
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equipped with a combined Aquael Turbo Filter 1000 filter with a capacity of 
1000 l/h (Aquael Sp., Poland), which provides mechanical and biological puri-
fication of recycled water. The necessary temperature conditions were ensured 
using Protemp S 50 W thermoregulators (JBL, Germany). Saturation of water 
with oxygen (O2) was carried out using a single-channel Aquael Mini boost 100 
compressor (Aquael Sp., Poland).

Every 7 days of the experiment, a partial 30 % water change was performed 
in each tank. Tap water was used for substitution, previously prepared by settling 
(at least 72 hours) to remove chlorine, as well as disinfection with ultraviolet 
radiation (wavelength 250 nm) in order to destroy pathogenic microorganisms.

Shelters were placed in each container to reduce cannibalism in the amount 
of 30 pieces/container. Cylindrical structures made of polyvinyl chloride (PVC) 
with a diameter of 3 cm and a length of 8 cm were used as shelters. 

The 28-day experiment was accompanied by daily monitoring of the main 
physico-chemical parameters of water: temperature (t, °C) and concentration 
of dissolved oxygen (O2, mg/l). The measurements were carried out using an 
Anion-7040 oximeter (scientific Industrial Enterprise “Infraspak-Analyte”, 
Russian Federation), which provides measurement accuracy of ±0.1 °C for 
temperature and ±0.01 mg/l for oxygen. Comprehensive hydrochemical anal-
ysis was performed at 7-day intervals using the Nilpa Pro test system (Nilpa, 
Russian Federation). Water acidity (pH), total water hardness (GH), carbonate 
hardness (KH), ammonium ions (NH3/NH4

+), nitrites (NO2
- ), nitrates (NO3

-), 
phosphates (PO4) were measured.

The crayfish’s diet consisted of frozen common beans, which were fed in 
the morning, and frozen larvae of ringworm mosquitoes (family Chironomi-
dae), which were fed in the evening. The daily feeding rate was 6 % of the total 
weight of crayfish.

Control measurements (bonitization) were performed on a weekly basis. 
During the measurements, the individual weight of each individual (m, g) was 
recorded on a BEL LG-2202i II accuracy class laboratory scale (ChangZhou 
XingYun Electronic Equipment Co., China), and the total body length (L, mm) 
was determined using a caliper (measurement error ±0.03 mm).

To assess changes in fish-breeding and biological indicators, the following 
indicators were calculated:

– Fulton’s fatness coefficient (QF, c.u.) according to the formula:

– individual weight gain (WGi, g) using the formula:
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– survival rate (S, %) was estimated using the formula:

– specific growth rate by weight (SGRw, %/day) was estimated in accor-
dance with the formula: 

– specific growth rate in length (SGRL, %/day) was calculated using the 
formula:

where m – average individual weight, g; m0 – average individual weight at the be-
ginning of the period, g; m1 – average individual weight at the end of the period, g;  
l – total length, cm; l0 – total length at the beginning of the period, сm; l1 – total 
length at the end of the period, сm; N0 – number of individuals at the beginning 
of the period, specimens; N1 – number of individuals at the end of the period, 
specimens; t – duration of the period, days.

The amino acid composition of muscle tissue was analyzed on the 28th day of 
the experiment. Muscle tissue was selected from the abdomen and chelipeds from 
10 specimens. in each group. The analysis was performed by capillary electro-
phoresis using the Kapel-105M system (Lumex, Russian Federation) according 
to the methods of measuring the mass fraction of amino acids [5; 9; 10]. The mass 
fraction of fat in muscle tissue was determined by the method of a filtering divid-
ing funnel according to GOST 23042-2015 (GOST – Russian State Standard).

Results
During the experiment, the main hydrochemical parameters (temperature, pH, 

concentration of dissolved oxygen, concentration of nitrogenous compounds) 
corresponded to the reference values for C. quadricarinatus [4; 6; 8]. The aver-
age values of observations of water quality parameters are presented in Table 1.

Table 1.
The average values of water quality parameters during the experiment

Indicator Group № 1 Group № 2
ph, c.u. 8.3±0.27 8.2±0.27
KH, c.u. 10.8±0.84 11.6±1.82
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GH, c.u. 49.8±3.90 46.2±7.76
NO2

-, mg/l 0.9±1.71 1.4±1.66
NO3

-, mg/l 22.0±32.52 16.0±14.75
NH3/NH4

+, mg/l 0.6±0.55 0.4±0.55
PO4, mg/l 1.4±2.19 2.5±2.40

The average concentration of dissolved oxygen in group № 1 was 7.52 mg/l, 
while in group № 2 this indicator reached 7.87 mg/l. The water temperature in 
group № 1 during the experiment averaged 22.26 °C, in group № 2 – 26.96 °C. 
The daily dynamics of observations is shown in Fig. 1.

Fig. 1. Dynamics of changes in water temperature (°C) and concentration of oxygen 
dissolved in water (mg/l) during the experiment:  

A) group № 1; B) group № 2.

The results of the study showed that during the 28 days of the experiment 
in group № 1, C. quadricarinatus juveniles increased their body weight by 
5.99 % and their length by 4.92 %, while the Fulton’s fatness coefficient de-
creased by 8.18 %. 

In group № 2, over the same period, there was a more pronounced weight 
gain (18.03 %) with a moderate increase in body length (4.19 %) and a smaller 
decrease in the fatness ratio (4.1 %). The values of fish-biological parameters 
are presented in Table 2.

A biochemical analysis of the amino acid composition of muscle tissue of 
juvenile C. quadricarinatus revealed differences in the concentrations of a num-
ber of proteinogenic amino acids between the experimental groups. The results 
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are presented in Table 3.

Table 2.
Growth rates of C. quadricarinatus juveniles when kept                                                             

in different temperature conditions

Indicator
Group № 1 Group № 2

Beginning of the 
experiment

End of the 
experiment

Beginning of the 
experiment

End of the 
experiment

m ± SD, g 14.70±4.04 15.58±4.23 6.38±1.19 7.53±1.70
l ± SD, cm 8.13±0.76 8.53±0.76 6.20±0.44 6.46±0.63

QF, c.u. 2.69±0.26 2.47±0.27 2.68±0.43 2.79±0.42
WGt, g - 0.88 - 1.15

SGRw, %/day - 20 - 57.35
WGl, cm - 4.02 - 23.16

SGRl, %/day - 16.66 - 0.26
S, % 100 95 100 100

Footnote: QF – Fulton’s fatness coefficient, WGt – individual weight gain, SGRw – spe-
cific growth rate by weight, WGl – individual gain by length, SGRl – specific growth 
rate in length, S –survival rate.

Table 3.
Amino acid composition of C. quadricarinatus muscle tissue                                                     

under different temperature conditions

Name of the amino acid Amino acid content, %
group № 1 group № 2

незаменимые аминокислоты
lysine 1.77±0.6 0.86±0.30

phenylalanine 1.83±0.548 0.48±0.14
leucine (isoleucine) 2.27±0.69 1.54±0.4

methionine 0.24±0.08 0.16±0.05
valine 0.69±0.23 0.51±0.2

threonine 0.71±0.98 0.75±0.3
tryptophan less than 0.01 less than 0.01

interchangeable amino acids
arginine 5.31±2.126 0.92±0.36
tyrosine 0.44±0.132 0.55±0.166
histidine less than 0.01 less than 0.01
proline 0.95±0.25 0.55±0.14
serine 0.45±0.11 0.44±0.11
alanine 0.93±0.24 0.75±0.19
glycine 0.61±0.2 0.49±0.16

glutamic acid+glutamine 4.22±1.68 0.72±0.28
aspartic acid 2.64±1.06 0.25±0.1
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cystine less than 0.01 less than 0.01

Among the essential amino acids, the greatest differences between the 
groups are found for lysine and phenylalanine. So, in group № 2, the lysine 
content was 51.56 % less than in group № 2, and the phenylalanine content 
was 73.35 % lower. As for non-essential amino acids, differences in the levels 
of arginine, glutamic and aspartic acids were revealed, while higher concentra-
tions of these amino acids were observed in individuals from group № 1 who 
were kept at a reduced water temperature. 

The mass fraction of fat in the muscle tissue of individuals from group № 1 
was 9.74±0.07 %, from group № 2 – 8.45± 0.05 %.

Conclusion
The results of the study demonstrate differences in the fish-biological and phys-

iological parameters of juvenile C. quadricarinatus, when they are kept in different 
temperature conditions. A comparison of two temperature regimes (26-27 °C and 
22-23 °C) showed that a higher temperature promotes accelerated growth of exper-
imental individuals. In the temperature range of 26-27 °C, there was a more pro-
nounced increase in the average individual weight of individuals (+18.03 % of the 
initial) with a moderate increase in body length (4.19 %). In the temperature range 
of 22-23 °C, the increase in the individual weight of experimental individuals was 
5.99 %, and in length – 4.92 %. The results obtained confirm the limiting value of 
the temperature factor in commercial cultivation of C. quadricarinatus. 

The survival rate of juveniles in both cases remained high (95-100 %), 
which indicates the high adaptability of C. quadricarinatus to various envi-
ronmental conditions. However, a decrease in the Fulton’s fatness coefficient 
by 8.18 % in the temperature range of 22-23 °C indicates a possible stress effect 
that could affect the energy metabolism in the body of experimental individuals.

Of particular interest are the amino acid analysis data, which revealed dif-
ferences in metabolic processes between the groups. The crayfish kept at a low 
temperature had an increased content of arginine and glutamic acid. This may be 
due to the activation of compensatory mechanisms aimed at maintaining energy 
balance and synthesis of stress proteins. Such changes are consistent with data 
from other studies, according to which suboptimal temperatures can cause met-
abolic restructuring in crustaceans, increasing the need for certain amino acids.
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