
International scientific conference 

50 

SECTION 7. AQUATIC BIORESOURCES  

AND AQUACULTURE 
 

 

 

DOI https://doi.org/10.30525/978-9934-26-657-7-11 

 

INNOVATIVE APPROACHES TO THE REPRODUCTION  

OF AQUATIC ORGANISMS IN INDUSTRIAL AQUACULTURE 

AND MARICULTURE 

 

ІННОВАЦІЙНІ ПІДХОДИ ДО ВІДТВОРЕННЯ ГІДРОБІОНТІВ  

У ПРОМИСЛОВІЙ АКВАКУЛЬТУРІ ТА МАРИКУЛЬТУРІ 

 

Oleshko V. P. 
Candidate of Agricultural Sciences, 

Associate Professor at the Department 

of Aquaculture and Applied 

Hydrobiology 

Bila Tserkva National Agrarian 

University 

Bila Tserkva, Ukraine 

 

Олешко В. П. 
кандидат сільськогосподарських 

наук,  

доцент кафедри аквакультури та 

прикладної гідробіології  

Білоцерківський національний 

аграрний університет 

м. Біла Церква, Україна 

 

Trofymchuk A. M. 
Candidate of Agricultural Sciences, 

Associate Professor at the Department 

of Aquaculture and Applied 

Hydrobiology 

Bila Tserkva National Agrarian 

University 

Bila Tserkva, Ukraine 

 

Трофимчук А. М.  
кандидат сільськогосподарських 

наук,  

доцент кафедри аквакультури  

та прикладної гідробіології  

Білоцерківський національний 

аграрний університет 

м. Біла Церква, Україна 

 

Heiko L. M. 
Candidate of Agricultural Sciences, 

Associate Professor at the Department 

of Aquaculture and Applied 

Hydrobiology 

Bila Tserkva National Agrarian 

University 

Bila Tserkva, Ukraine 

Гейко Л. М. 
кандидат сільськогосподарських 

наук,  

доцент кафедри аквакультури  

та прикладної гідробіології  

Білоцерківський національний 

аграрний університет 

м. Біла Церква, Україна 

 

Global aquaculture demonstrates steady growth and plays a key role  

in ensuring food security, accounting for more than half of the total 

production of food fish. According to international organizations, the further 
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development of the sector is associated with the implementation  

of innovative technologies aimed at increasing juvenile survival, improving 

resource-use efficiency, and enhancing the environmental sustainability  

of production [1, 3, 4]. 

Therefore, the aim of our study was to assess modern innovative 

technologies and methods for the reproduction of aquatic organisms  

in industrial aquaculture and mariculture, including genetic, biotech- 

nological, engineering, and digital approaches, and to determine their impact 

on productivity, juvenile survival, and the environmental sustainability  

of production. 

The research was based on the analysis of current scientific literature  

and a review of international experience in industrial aquaculture  

and mariculture. Genetic, biotechnological, engineering, and digital 

approaches to the reproduction of aquatic organisms were examined, 

including selective breeding, hormonal induction, cryopreservation, 

recirculating aquaculture systems (RAS), biofloc and integrated multitrophic 

systems, as well as automated monitoring of technological processes [1–21]. 

The reproduction of aquatic organisms is a critical stage of the 

technological cycle, as survival, growth, and resistance to stress factors are 

established during the early stages of ontogenesis [10]. In this regard, current 

research focuses on genetic, biotechnological, ecological, and digital 

innovations capable of optimizing artificial reproduction processes  

in freshwater and marine aquaculture [11]. 

One of the key directions in the development of aquatic organism 

reproduction is the application of modern selective breeding methods. 

Traditional approaches based on mass and individual selection are gradually 

being complemented by molecular genetic technologies, which accelerate 

the breeding process and improve selection accuracy [9]. 

Promising areas include genomic selection, marker-assisted selection,  

the development of disease-resistant lines, and genome editing technologies 

[19]. The application of genomic approaches enhances productivity  

and offspring survival, as well as the adaptive capacity of fish and 

invertebrates under various rearing conditions [8]. 

In mariculture, breeding programs are aimed at increasing growth rates, 

tolerance to salinity and temperature fluctuations, and resistance to patho- 

gens, which is particularly important for mollusks, shrimp, and marine fish 

[20, 21]. 

Biotechnological approaches play an important role in regulating 

reproductive processes [11]. The most widely used innovative methods 

include hormonal induction of spawning, control of photoperiod and 

temperature, the use of probiotics and functional feeds, and gamete 

cryopreservation. 
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Hormonal preparations and synthetic analogues of gonadotropin-

releasing hormone make it possible to synchronize gamete maturation  

and increase the yield of viable larvae [14]. 

Sperm cryopreservation is gaining increasing importance in breeding 

programs, as it ensures the long-term preservation of genetic material,  

the establishment of gene banks, and the optimization of crossbreeding 

across different seasons [12]. 

One of the key factors for successful reproduction is the creation  

of optimal conditions for incubation and early rearing. In modern practice, 

the following technologies are widely used: recirculating aquaculture 

systems (RAS), automated incubators, microalgae and biofloc technologies, 

and integrated multitrophic systems [16, 17]. 

RAS technologies ensure stable water quality parameters, reduce water 

consumption, and minimize disease risks, which is particularly important  

at larval stages [2, 6, 7, 15]. 

In mariculture, biofloc systems are increasingly applied, contributing  

to the development of a natural feed base and improving the survival  

of shrimp and fish larvae [16–18]. 

The digitalization of aquaculture is one of the most dynamic areas  

of innovation. Modern technologies enable automatic control of water 

quality parameters, remote monitoring of incubation processes, prediction  

of juvenile survival, and optimization of feeding regimes [3]. 

The use of sensor systems, the Internet of Things (IoT), and machine 

learning algorithms enhances the precision of technological process 

management and reduces the risk of losses at early developmental stages  

[4–6]. 

Digital solutions are particularly effective in large-scale industrial farms 

and marine facilities, where it is necessary to control substantial production 

volumes under variable environmental conditions [5]. 

Modern innovations are also aimed at wastewater detoxification  

and reducing the environmental impact on coastal ecosystems, particularly  

in mariculture. The use of closed-loop systems and energy-efficient 

equipment makes it possible to establish farms that comply with stringent 

international eco-labeling standards [2, 6]. 

Thus, innovative approaches to the reproduction of aquatic organisms  

are based on the integration of genetic, biotechnological, environmental,  

and digital solutions. Selective breeding and genomic technologies ensure 

increased productivity and enhanced resistance of juveniles. 

Biotechnological methods, including hormonal induction and cryopre- 

servation, improve the efficiency of artificial reproduction. The use of RAS, 

biofloc, and integrated systems contributes to higher survival rates at early 

developmental stages. 
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Digitalization and automation of production processes open new oppor- 

tunities for industrial aquaculture and mariculture. The further development 

of the sector is associated with the implementation of environmentally 

sustainable technologies and the reduction of anthropogenic impacts on 

aquatic ecosystems. 
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