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Abstract
Aim: This study aimed to determine the bacterial composition at various stages of the temperature regime in a recirculating 
aquaculture system (RAS) to assess the pathological risk of a group of opportunistic pathogenic microflora.

Materials and Methods: Water temperature, incidences of illnesses, and fish mortality were monitored, during the research 
period to identify the causes of pathogens in sturgeons. Analysis of the nucleotide sequences was performed using the 
quantitative insights into microbial ecology module. Sequence alignment in the analysis of the distribution of gene libraries 
was performed using the Unclust method. The RDP database was used for the taxonomic identification of operational 
taxonomic units.

Results: The pattern of the contraction of infection among sturgeons bred in the RAS was established. A detailed analysis 
of the microbiome structure’s taxonomic features showed dominant taxa during the “artificial wintering” period and at a 
temperature optimum in industrial aquaculture. It was found that the main outbreaks of pseudomonosis occurred during 
this period in the RAS. With a decrease in temperature of the aquatic environment, the incidence of illness increased by 
75% compared with the optimum temperature period. Pseudomonas, Cetobacterium, and Lactococcus were specific taxa 
characteristic for the “artificial wintering” period. Xanthomonadaceae and Flavobacterium were specific taxa characteristic 
for the optimum temperature.

Conclusion: Consequently, the microbial structure was determined at different temperature regimes in a RAS, and the 
dominant communities were identified. The pattern of the contraction of infection caused by an opportunistic microflora 
(pseudomonosis) among sturgeons was established, allowing for the development and correction of treatment and preventive 
measures.
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Introduction

The technogenic method of growing sturgeon 
fish and their hybrids in a recirculating aquaculture 
system (RAS) is becoming popular globally. When 
the most optimal conditions for fish are created in the 
RAS, the recovery period after intravital caviar pump-
ing is reduced, which increases the volume of pro-
duction compared with natural caviar extraction. The 
development of this alternative method allows saving 
and restoring sturgeon stocks in natural reservoirs by 
reducing fishing pressure on their populations [1,2].

The aquarium complex is a multicomponent 
system that includes work units (breeding pools, 

mechanical and biological filtration, disinfection, and 
ozonation of recycled water), which pose a danger of 
potential pathogens accumulation. In industrial condi-
tions, it is not always possible to control the level of 
microbial contamination. An increase in microbial con-
centration in the living environment leads to the emer-
gence and spread of pathogens among sturgeons [3-7].

Microbial diversity at various stages of the fil-
tration of recycled water in the RAS widely varies 
depending on many factors. The population density 
of cultivated aquatic organisms, water contamination 
with fish excreted material and food residues, water 
pH, and chemical parameters of water (the level of 
nitrates, nitrites, etc.) can affect the structure of the 
bacterial community [8,9]. Water temperature in the 
RAS affects the formation of the microbial composi-
tion. Proper temperature control optimizes the process 
of obtaining caviar [10].

It follows from the results of scientists that a sig-
nificant proportion of diseases registered under RAS 
conditions is bacterial infections. There is a tendency 
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in the form of a decrease in the number of diseases 
caused by obligate pathogenic microflora and, vice 
versa, a significant increase in the proportion of dis-
eases caused by opportunistic bacteria (aeromonosis, 
pseudomonosis, myxobacteriosis, furunculosis, vib-
riosis, etc.) with a high mortality rate in 50-70% of 
fish; aquatic organisms that recover significantly lose 
weight and lag in development [11].

In connection with the specificity of forming 
microbial structure, depending on the above factors 
and an increase in the likelihood of the occurrence and 
spread of bacterioses among farmed sturgeons, the 
role of determining the microbiome structure in RAS 
increases. The study aimed to research the bacterio-
logical composition at various stages of the tempera-
ture regime in the RAS system and link it to infectious 
disease outbreaks in sturgeon. 
Materials and Methods
Ethical approval

The research protocol was discussed and 
approved at a meeting of the local ethical commit-
tee of the National Center for Biotechnology of the 
Science Committee of the Ministry of Education and 
Science of the Republic of Kazakhstan No. 4 dated 
February 10, 2020.
Study period and location 

The study was conducted from February to June 
2020. The experimental production part of the study 
was conducted based on the aquarium complex of the 
Zhangir Khan West Kazakhstan Agrarian-Technical 
University.
Study objects

 We used RAS storage tanks intended for stur-
geon breeding. The starting material was sampled from 
the floating loads of the biological filter (Sh), quartz 
filter (K), sediment from settling pool (O), breeding 
pool (B), and before and after final cleaning (F), taken 
at a system water temperature of 8°C during the artifi-
cial wintering and at an optimum temperature of 18°C. 
Broodstock and replacement livestock (4-5-year-
old Siberian [Acipenser baerii], Russian [Acipenser 
gueldenstaedtii], and bastard [Acipenser nudiventris] 
sturgeons) grown in the RAS served as study objects.
Study methodology

To achieve the aim, following tasks were 
determined: 
•	 Monitoring	of	the	water	temperature	in	the	RAS,	

monthly analysis of the incidence of illness, and 
mortality from infection of sturgeons 

•	 Establishment	of	the	level	of	diversity	of	micro-
bial communities at different temperature regimes 
of water in the RAS 

•	 Determination	 of	 diversity	 between	 microbial	
communities (beta-diversity) by cluster analysis.
To establish the patterns and seasonal dynam-

ics of the contraction of infection, we studied the 
fish. The water temperature was monitored during 

“artificial wintering” to obtain caviar. Assessment of 
the intensity of the epizootic process was conducted 
by analyzing the incidence of illness and mortality 
among sturgeons in the studied period. The physiolog-
ical condition was assessed by clinical fish examina-
tion, which considered the main indicators (changes 
in fish behavior, decreased appetite, and further cessa-
tion of nutrition), and expression of clinical features: 
Ulceration in various body parts of the body, inflam-
mation of the anus, exophthalmia, etc. [12].
Sampling procedure

To compile a collection of microbiome samples 
in the RAS system and analyze them more accurately, 
we took samples of circulating water in the RAS into 
individual sterile Falcon tubes (Eppendorf, Hamburg, 
Germany) in five replicates from two landing ponds 
No. 3 and 6, containing conditionally healthy stur-
geons of the same sex and age categories. The selec-
tion of expert material was conducted by taking 200-
300 mL of circulating water into a clean glass from 
various stages of the recirculation system and short-
term settling. We drew 100 mL of water into a syringe 
to exclude large particles, screwed the cartridge, and 
pushed the water through the filter. We disassembled 
the cartridge, removed the filter, placed it on a clean 
filter paper, and then air-dried and stored it in a sepa-
rate clean signed paper bag.
Method for isolation of DNA from test samples

Bacterial DNA was isolated from samples 
according to the manufacturer’s instructions using an 
assay kit (MACHEREY-NAGEL NucleoSpin) from 
MACHEREY-NAGEL (Duren, Germany). For ampl-
icon libraries preparation using PCR, amplification 
was performed for each sample with universal primers 
for the variable region of the 16S rRNA v3-v4 gene 
specific to several microorganisms, including bacteria 
and archaea (F515: GTGCCAGCMGCCGCGGTAA 
and R806: GGACTACVSGGGATAT).
Molecular-biological research technique

PCR	 was	 performed	 in	 15	 μL	 of	 the	 reac-
tion mixture containing 0.5-1.0 activity units of the 
Phusion Hot Start II High-Fidelity Polymerase and 1X 
Phusion buffer (Thermo Fisher Scientific, Waltham, 
Massachusetts, USA), 5 pcM of forward and reverse 
primers, 10 ng of DNA template, and 2 nM of each 
dNTP (Life Technologies, Carlsbad, California, 
USA). The mixture was denatured at 94°C for 1 min, 
after which 35 cycles were performed: 94°C for 30 
s, 50°C for 30 s, and 72°C for 30 s. Final elongation 
was performed at 72°C for 3 min. PCR products were 
purified, according to the recommended Illumina 
method using AMPure XP (Beckman Coulter, Bray, 
California, USA). Further library preparation was 
performed, according to the MiSeq Reagent Kit 
preparation guide (Illumina, San Diego, California, 
USA) manufacturer’s instructions. Libraries were 
sequenced according to the manufacturer Illumina 
MiSeq instrument’s instructions using the MiSeq 
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Reagent Kit v3 (600 cycles) assay kit with bidirec-
tional reading (2 × 300 n).
 Nucleotide sequence analysis

The taxonomic analysis of the nucleotide 
sequences of amplicon libraries was conducted using 
the quantitative insights into microbial ecology mod-
ule (v.1.7.0).

During the analysis, libraries were allocated by 
identifiers, sequencing was verified, and nucleotide 
sequences were filtered. Sequences were combined 
into operational taxonomic units (OTU) using 97% 
similarity threshold, and nucleotide sequences were 
aligned using the Unclust method. The RDP data-
base was used for the taxonomic identification of 
OTU [13].
Results and Discussion

During the study of patterns of the contraction of 
infection among sturgeons and considering the ther-
moregulation of water in the RAS, it was established 
that the main outbreaks of bacteriosis occurred during 
“artificial wintering” periods. During this phase, to 
optimize the endocrine system in the pre-spawning 
period, fish were kept in specially equipped pools with 
cooling systems (chillers). The water temperature was 
gradually reduced to 8°C at 1°C/day for 10 days. The 
fishes were kept for 30 days at 8°C, then slowly for 2 
weeks, the temperature was raised to 18°C (Figure-1).

An analysis of the incidence of pseudomonosis 
showed an increase in this indicator with a decrease 
in the aquatic environment’s temperature by 75% 
compared with the optimum temperature period. After 
that, there was a decrease in the incidence rate asso-
ciated with the sturgeons’ adaptation to the conditions 
of “artificial wintering,” but an increase in mortality 
to 50-60% from the moment of gradual decrease in 
the water temperature in the RAS and 90% from the 
beginning of the experiments conditioned by transit-
ing the disease to a generalized form. The contraction 

of pseudomonosis in the RAS among sturgeons was 
also observed after increasing the temperature to 18°C, 
which can be explained by a decrease in the sturgeon’s 
general resistance after intravital caviar pumping.

The diagnosis of pseudomonosis was based on bac-
teriological studies, epizootological data, clinical features 
in fish in the form of ulcerative lesions on the surface of 
the skin (Figure-2), pathological changes, such as unilat-
eral or bilateral exophthalmia (Figure-3), splenomegaly, 
multiple hemorrhages on the gastrointestinal tract, and 
biological test results on susceptible animals [14].

Consequently, outbreaks of pseudomonosis are 
directly associated with a decrease in water tempera-
ture in the RAS, when psychrophilic bacteria become 
active. The genus Pseudomonas is a prominent repre-
sentative of this group, serving as the etiology of fish 
pseudomonosis [15].

The above results show that the water tempera-
ture in the RAS, which leads to changes in the structure 
of microflora, is considered a key factor complicating 
the epizootic situation and the complete elimination 
of the disease. Consequently, for a detailed study of 
the microbiome in RAS and revealing changes asso-
ciated with temperature fluctuations, samples of the 
starting material were taken on the 35th day from the 
beginning of the experiments – during the “artificial 
wintering” at 8°C (1) and on the 5th day after tempera-
ture normalization to 18°C (2). After which, DNA was 
isolated from them. The quality of the extracted DNA 
was verified by electrophoresis (Figure-4). Then, the 
amplicons of the 16S rRNA gene were obtained.

The	 DNA	 yield	 was	 50	 μL	 with	 a	 concentra-
tion	 of	 20-50	 ng/μL,	 and	 the	 number	 of	 nucleotide	
sequences per library was 10-20,000. The number of 
detected prokaryotic taxa was 352 after the removal 
of minor components. In all cases, representatives of 
the phyla Proteobacteria, Firmicutes, Bacteroidetes, 
Fusobacteria, and Actinobacteria and a significant 
fraction of unclassified prokaryotes were dominant 
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Figure-1: Effect of correction of seasonal biorhythms on the incidence of pseudomonosis in sturgeon fish bred in the 
recirculating aquaculture system.
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in the microbial community. Notably, representatives 
of the archebacterial phyla, Thaumarchaeota, were 
also identified in the microbial communities of reser-
voirs and purification lines. This particularly applied 
to the microbiota of sludge from the biofilters, where 
their proportion could be up to 5%. Figure-5 shows 
the total representation of the taxonomic structure of 
the microbiome during the optimum temperature and 
“artificial wintering” periods in the RAS.

An	analysis	of	β-diversity	was	conducted	using	
the Bray-Curtis similarity index to determine the 
similarity between communities. The analysis results 
showed several fundamentally essential phenomena: 
The most significant differences were found between 
different temperature regimes since there were clear 
differences during each stage of cleaning recycled 
water. For example, microbial communities from 
floating loads of biofilters had similar or even greater 
differences between the “artificial wintering” period 
and the optimum temperature periods than with 

other stages of water treatment. This fact shows the 
importance of microbiota analysis in industrial pro-
duction since it significantly affects fish health and 
productivity.

There were differences in the structure of micro-
bial communities between different water cleaning 
phases. High content of archaea was found in settling 
pools, which have the most isolated position, hence 
the most specific microbial community. Microbial 
communities of pools, quartz filters, and the final 
stage of water cleaning had significant similarities 
(although they had apparent differences) and differed 
only in quantitative indicators.

Table-1 shows the main indicators of the micro-
bial diversity of communities (averaged over repli-
cates). Microbial communities of the settling pools 
showed specific features of the diversity coefficients 
(lowest values for all coefficients).

Pairwise comparisons of similar cleaning phases 
in different reservoirs were performed to analyze the 
reservoirs’ taxonomic features in more detail. The 
findings are described below.
1. Pseudomonas, Cetobacterium, and Lactococcus 

were specific taxa dominant in the breeding 
pools during the “artificial wintering” period; 
Xanthomonadaceae, Flavobacterium, and unclas-
sified prokaryotes were specific taxa dominant in 
the breeding pools at the optimum temperature 
period (Figure-6)

2. There was a significant fraction of minor compo-
nents, which were taxa specific for each filtration 
stage of recycled water

3. There were several differences between the com-
munities (with the general similarity) after the 
final cleaning of recycled water in the reservoirs. 
For example, the proportion of the archebacterial 
taxon, Nitrocosmicus, was higher at a temperature 
of 18°C (Figure-7)

4. The difference, although to a lesser extent, per-
sists after the final cleaning. This taxon belongs 
to the archaea that oxidizes ammonia, and a high 
content of this component in the studied pool 
was established during hydrochemical analysis 
(Table-2)

5. Comparison of the microbial communities of the 
recycled water showed a high degree of similar-
ity with the only difference being the high titer 
of Pseudomonas and Thiothrix in the pool with 
water at a temperature of 8°C. Aeromonas and 
Cetobacterium were dominant in the pool with 
water at 18°C (Figure-8).
Similar ratios were found in the microbiome 

structure in the sterilization state of recycled water.
A comparison of the initial and final stages of 

cleaning showed that the water’s taxonomic composi-
tion in pools changed during the cleaning process (the 
proportion of dominant prokaryotic taxa decreased 
during the cleaning process).

Figure-2: Ulcerative lesion in the dorsal part of the body 
of a sturgeon.

Figure-3: Lesion on the operculum and exophthalmia 
caused by pseudomonosis in a sturgeon.

Figure-4: Electrophoresis of DNA isolated from samples 
taken from the recirculating aquaculture system.
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Figure-5: Taxonomic structure during the period of “artificial wintering” (1) and at a temperature optimum (2) in the 
recirculating aquaculture system.

Table-1: Coefficients of α-diversity of microbial communities.

Samples Phylogenetic 
diversity

Species 
diversity

Universal 
coefficient

Evenness of 
distribution

8°С 18°С 8°С 18°С 8°С 18°С 8°С 18°С

Breeding pools (В) 80.90 72.97 824.75 808.45 7.66 7.48 0.99 0.98
Final cleaning (F) 80.01 86.65 748.17 984.78 7.78 7.90 0.99 0.99
Quartz filter (K) 83.52 62.60 901.16 659.13 7.64 7.28 0.99 0.98
Sediment from the settling pool (О) 32.69 43.14 298.45 416.11 5.18 6.46 0.91 0.96
Biological filter floating loads (Sh) 87.11 71.32 968.05 843.03 8.22 7.85 0.99 0.99

Figure-6: Comparative analysis of the microbial community of the settling pool during the “artificial wintering” period (1) 
and at the optimum temperature (2) in the recirculating aquaculture system.

Such reservoir specificity was associated with 
the initial heterogeneity of microbial communities.

Figure-9 shows that the structure includes only 
those taxa that showed the maximum difference in 
different RAS temperature regimes. Among the taxa, 
the number of which varied significantly during 

different water temperature regimes in RAS, the 
genus Pseudomonas – the causative agent of sturgeon 
pseudomonosis is worth noting. 

The causative agents of fish bacteriosis, in par-
ticular pseudomonosis, in contrast to the infectious 
origin of diseases of warm-blooded animals, have a 
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Figure-7: Comparative analysis of the microbial community at the final cleaning stage during the “artificial wintering” 
period (1) and at a temperature optimum (2) in the recirculating aquaculture system.

Table-2: The results of the monitoring of the levels of hydrochemical parameters in the RAS.

RAS sections Mean value

“Artificial wintering” period Temperature optimum

NH4 NO2 NO3 PO4 NH4 NO2 NO3 PO4

Breeding pools (В) 0.3 0.1 20 1 0.2 0.09 20 2
Final cleaning (F) 0.4 0.1 35 5 0.8 0.09 35 2
Quartz filter (K) 0.1 0.09 45 2 0.3 0.09 40 5
Sediment from the settling pool (О) 0.4 0.08 15 5 0.1 0.09 15 5
Biological filter floating loads (Sh) 0.2 0.06 15 2 0.1 0.09 35 2

RAS=Recirculating aquaculture system

Figure-8: Comparative analysis of the microbial community during the “artificial wintering” period (1) and at a temperature 
optimum (2) in the recirculating aquaculture system.

pronounced feature due to adaptation to the biological 
properties of the fish organism, the body temperature 
of which directly depends on the temperature of the 
aquatic environment [16].

Thus, the optimum temperature for the 
reproduction of infectious agents and the manifesta-
tion of pathogenic properties in the fish organism has 
a rather wide fluctuation limit and serves as a compli-
cating factor for the elimination of bacterial pathology 
among sturgeons in RAS. The pathogenic agents of 

bacterial diseases of warm-blooded animals are not 
adapted to such temperature changes [17].

Our studies and results of foreign studies allow 
us to believe that at a temperature optimum in the 
RAS, Pseudomonas was involved in nitrification and 
self-purification of water. However, their content in water 
increases to 5-6 times the initial value when the tempera-
ture in the system decreases (plus a period of “acclimati-
zation” in sturgeons), which ultimately contributes to the 
outbreak and the massive spread of bacteriosis [18-20].
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Conclusion

The pattern of the contraction of infection caused 
by opportunistic microflora (pseudomonosis) was 
revealed among sturgeon fishes grown in the RAS. 
The main outbreaks of pseudomonosis occurred 
during “artificial wintering” when the temperature 
of the aquatic environment decreased to 8°C, and the 
bacteriosis etiology concentration exceeded the per-
missible microbial contamination levels.

Seasonal biorhythms effect on the incidence 
of pseudomonosis in sturgeon can be explained by 
the determination of the microbial structure results 
at various filtration stages of recycled water, and in 
the breeding pools, where the dominance of commu-
nities of Pseudomonas, Proteobacteria, Firmicutes, 
Bacteroidetes, Fusobacteria, Actinobacteria, and a 
significant fraction of unclassified prokaryotes was 
established. Archebacterial representative phylum, 
Thaumarchaeota, was also identified in the microbial 
communities of the pools and cleaning lines. The study 
of differences in the structures of microbial communi-
ties at different water cleaning phases revealed a spe-
cific microbial community typical for the settling pool 
– Pseudomonas, Cetobacterium, and Lactococcus – 
during the “artificial wintering” period, and unclassified 
prokaryotes, Xanthomonadaceae and Flavobacterium 
– at an optimum temperature in the RAS. Besides, the 
proportion of the archebacterial taxon, Nitrocosmicus, 
at the final cleaning stage at the optimum temperature 
was higher than at a low temperature in the RAS.

Results demonstrate several critical phenomena: 
Differences in the structure of microbiomes between 
the water cleaning phases in one reservoir and similar 
cleaning phases in different reservoirs.

Consequently, monitoring the natural microbi-
ome’s state in the RAS using metagenomic analysis 
allows to determine the variation of the microbial 
composition in the system depending on the filtration 
types and temperature conditions and assessing the 
risk level of infections caused by a group of opportu-
nistic pathogens, as well as, developing and adjusting 
treatment and preventive measures.
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