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Freshwater aquaculture is expanding rapidly worldwide, including in Malaysia. However, its sustainability is increasingly challenged by deteriorating water quality, which disrupts microbial community balance and subsequently elevates the risk of pathogen emergence, particularly that of Aeromonas dhakensis. In this study, the relationships among physicochemical water parameters, microbial community structure, and the prevalence of A. dhakensis were investigated across four freshwater tilapia farming systems: floating cages, earthen ponds, cement tanks, and canvas tanks.
Physicochemical analyses, microbiological isolation, molecular characterisation, antimicrobial susceptibility testing, and multivariate statistical analyses were integrated to evaluate how farming system design and management practices influence aquatic environmental conditions and disease-associated risks. The results showed significant system-dependent variability in water quality parameters. Open-water systems, such as floating cages and earthen ponds, were strongly influenced by environmental exposure and climatic conditions, resulting in greater fluctuations in temperature, dissolved oxygen, turbidity, and nutrient concentrations. In contrast, tank-based systems provided better environmental control but exhibited nutrient accumulation associated with intensive feeding practices.
Aeromonas species were isolated from all farming systems, with A. dhakensis representing only a small proportion of the isolates but remaining ecologically and clinically important. Antimicrobial susceptibility testing revealed that multidrug resistance was relatively uncommon. Nonetheless, the high prevalence of intrinsic resistance to cefoxitin and the detection of carbapenem-resistant and multidrug-resistant strains underscored the need for continued surveillance.
Microbial community analysis revealed distinct differences in community composition, although alpha diversity did not differ significantly among farming systems. Proteobacteria dominated across all systems, while system-specific enrichment of taxa associated with nitrogen cycling, organic matter degradation, and environmental adaptability indicated the influence of physicochemical conditions on microbial community structure. Earthen ponds exhibited more balanced and heterogeneous microbial communities, resembling those of natural freshwater ecosystems, whereas tank-based and cage systems showed signatures of intensified management and nutrient loading.
Multivariate analyses revealed that key water quality parameters, specifically dissolved oxygen, turbidity, and nutrient concentrations, were closely correlated with microbial community composition and the prevalence of A. dhakensis. Overall, this study demonstrated that pathogen dynamics in freshwater aquaculture are shaped by complex interactions among environmental conditions, microbial communities, and management practices.
The findings emphasise the importance of integrated, system-specific management strategies that combine environmental monitoring, microbial community assessment, and prudent antimicrobial practices. Such strategies are essential for promoting sustainable aquaculture, protecting fish health, and reducing potential public health risks.
