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Alien fish introductions have become an 
increasingly significant ecological issue in 
Indonesian inland waters, largely driven by 
aquaculture development, fisheries 
enhancement, and ornamental fish trade. While 
non-native species contribute to food security 
and economic growth, their establishment in 
natural freshwater ecosystems raises concerns 
for native biodiversity. This study 
systematically reviews existing literature on 
alien fish invasions in Indonesia, focusing on 
their ecological consequences and biodiversity 
implications. Using a structured review 
approach across major academic databases, 
relevant peer-reviewed studies were identified 
and synthesized. The findings indicate that 
widely introduced species such as Oreochromis 
niloticus and Clarias gariepinus are associated 
with competition, predation, habitat 
modification, and trophic restructuring. These 
impacts may alter native fish community 
composition and contribute to biotic 
homogenization, particularly in high-
endemism freshwater systems. The review 
highlights the need for strengthened risk 
assessment, biosecurity measures, and 
ecosystem-based management to balance 
fisheries development with long-term 
biodiversity conservation 
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INTRODUCTION 
Freshwater ecosystems are among the most biologically diverse yet highly 

threatened ecosystems on the planet. Although they cover less than 1% of 
Earth's surface, inland waters support a disproportionately high number of 
species, particularly fish (Dudgeon et al., 2006a; Sayer et al., 2025). Indonesia, as 
one of the world's megabiodiversity countries, harbors an exceptionally rich 
freshwater ichthyofauna characterized by high levels of endemism across its 
archipelagic river basins, lakes, and wetlands. This unique biogeographical 
setting makes Indonesian inland waters both ecologically invaluable and 
inherently vulnerable to biological invasions (Haryono et al., 2023; Medrano, 
2023; Salsabila et al., 2024). 

The introduction of alien fish species, whether deliberate or accidental, has 
become increasingly common over the past decades. Globally, species 
introductions are primarily driven by aquaculture expansion, ornamental fish 
trade, recreational fisheries, and stock enhancement programs (Adha et al., 
2013; Haubrock et al., 2022; Hedianto et al., 2014). In Indonesia, economically 
valuable species such as Oreochromis niloticus, Clarias gariepinus, and Cyprinus 
carpio have been widely introduced to enhance food security and rural 
livelihoods. While these introductions have contributed significantly to 
aquaculture production and economic development, their ecological 
consequences remain a growing concern (Henriksson et al., 2017; Mujahid et al., 
2025; Sulistiono et al., 2022). 

Biological invasions are recognized as one of the leading drivers of global 
biodiversity loss, alongside habitat degradation, pollution, overexploitation, 
and climate change. Once established, alien fish species may compete with 
native species for food and habitat, predate upon endemic fauna, introduce 
novel pathogens, alter trophic structures, and modify physical habitats. In 
tropical freshwater systems, where ecological interactions are often complex 
and endemism is high, such disturbances can lead to irreversible declines in 
biodiversity and biotic homogenization. The ecological sensitivity of island 
ecosystems further amplifies these risks, making Indonesia particularly 
susceptible to the impacts of invasions (Blanchard et al., 2023; Christian, 2023; 
Erarto & Getahun, 2020). 

Despite the increasing documentation of alien fish occurrences in various 
Indonesian water bodies, existing studies are often fragmented, geographically 
limited, or species-specific. Most research focuses on distribution records, 
aquaculture performance, or localized ecological effects, with limited attempts 
to synthesize findings at a national scale. Consequently, there remains a critical 
knowledge gap in understanding the cumulative ecological consequences and 
broader biodiversity implications of alien fish invasions across Indonesian 
inland waters. 

A comprehensive literature review is therefore urgently needed to 
consolidate existing scientific evidence, identify consistent patterns of impact, 
and assess the extent to which alien fish species threaten native biodiversity in 
Indonesia. Such synthesis is essential not only for advancing scientific 
understanding within invasion ecology but also for informing evidence-based 
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management strategies, conservation planning, and policy formulation. In the 
context of sustainable fisheries development and biodiversity conservation, 
balancing economic benefits against ecological risks requires an integrated, 
well-documented knowledge base. 

Accordingly, this study aims to systematically review and synthesize 
published research on alien fish invasions in Indonesian inland waters. 
Specifically, this review seeks to: (1) identify the major alien fish species 
introduced and established in Indonesia; (2) examine the documented 
ecological impacts on native fish communities and aquatic ecosystems; (3) 
assess the broader implications for freshwater biodiversity; and (4) highlight 
research gaps and management challenges that require future attention. By 
providing a structured synthesis of available knowledge, this paper intends to 
contribute to a more comprehensive understanding of invasion dynamics in 
tropical archipelagic freshwater systems and to support sustainable biodiversity 
management in Indonesia. 
 

LITERATURE REVIEW 
Concept of Alien and Invasive Species in Freshwater Ecosystems 

The terms alien species, non-native species, exotic species, and invasive species 
are often used interchangeably, although they represent distinct ecological 
concepts. An alien (or non-native) species refers to a species introduced outside 
its natural distribution range through human activities, either intentionally or 
unintentionally. However, not all alien species become invasive. An invasive 
species is generally defined as a non-native organism that establishes, spreads, 
and causes ecological, economic, or social harm in the introduced environment 
(Dali et al., 2023; Dina et al., 2022). 

In freshwater ecosystems, fish introductions have historically been 
motivated by aquaculture development, food security enhancement, recreational 
fisheries, and biological control programs. Once introduced, alien fish may 
undergo a series of stages commonly described in invasion ecology: transport, 
introduction, establishment, and spread. The transition from introduction to 
successful invasion depends on propagule pressure, environmental suitability, 
species life-history traits, and ecosystem resistance (Dali et al., 2023; Gozlan et al., 
2024; Kiruba-Sankar et al., 2018). 

Understanding these conceptual distinctions is crucial in the Indonesian 
context, where many economically valuable species, such as Oreochromis niloticus 
and Clarias gariepinus, are widely cultivated and socially accepted, yet may 
exhibit invasive characteristics under certain ecological conditions (Chakraborty, 
2024; Haryono & Wahyudewantoro, 2020; Shuai et al., 2023; Sulistiono et al., 
2022). Other species, such as the red devilfish (Amphilopus spp.), were initially 
introduced into freshwater ecosystems to increase local fisheries productivity, 
but instead have actively dominated, invaded, and caused high local species 
losses (Ohee et al., 2018; Umar et al., 2015). 
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Theoretical Foundations of Invasion Ecology 
Invasion ecology provides the primary theoretical framework for 

understanding the dynamics and impacts of alien species. Several key concepts 
are particularly relevant to freshwater fish invasions. 

First, the biotic resistance hypothesis suggests that ecosystems with high 
native biodiversity may be more resistant to invasion due to niche saturation 
and strong interspecific interactions. However, empirical evidence remains 
mixed, especially in tropical freshwater systems where disturbance and habitat 
modification may reduce ecological resistance (Beaury et al., 2020). 

Second, the enemy release hypothesis posits that alien species may 
become successful invaders because they escape natural predators, parasites, or 
competitors from their native range. In newly colonized environments, this 
release from biological constraints may enhance their growth, reproduction, 
and competitive dominance (Colautti et al., 2004). 

Third, the concept of ecological niche theory explains invasion success 
through niche overlap and resource competition. When alien fish occupy 
trophic or habitat niches similar to those of native species, competitive 
exclusion may occur, potentially leading to local population declines or 
displacement (Li et al., 2022). 

Finally, invasion processes are often linked to disturbance theory, which 
suggests that anthropogenic disturbances, such as habitat alteration, pollution, 
dam construction, and overfishing, create ecological opportunities that facilitate 
the establishment of alien species. In rapidly developing regions such as 
Indonesia, these disturbances may interact synergistically with species 
introductions (Blanchard et al., 2023). 
 
Ecological Impacts on Native Fish Communities 

The ecological consequences of alien fish invasions can be categorized 
into direct and indirect effects. Direct effects include predation on native 
species, competition for food and spawning grounds, and hybridization that 
may lead to genetic introgression. Hybridization is particularly concerning in 
systems with closely related endemic taxa, as it can lead to genetic erosion and 
the loss of unique evolutionary lineages (Banyal & Bains, 2025; Carosi et al., 
2023). 

Indirect effects involve alterations to trophic structure, nutrient cycling, 
and habitat characteristics. For example, benthic-feeding invasive species such 
as Pterygoplichthys pardalis can increase turbidity and modify substrate 
composition, thereby affecting spawning habitats and primary productivity. 
These cascading ecological effects may extend beyond fish communities, 
influencing broader aquatic biodiversity (Elfidasari et al., 2020). 

Over time, such impacts may result in biotic homogenization, a process 
in which distinct local assemblages become increasingly similar due to the 
widespread establishment of common non-native species and the decline of 
endemic taxa (Chien, 2025). 
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Biodiversity Implications in Archipelagic and Tropical Contexts 
Indonesia's freshwater biodiversity is shaped by its archipelagic 

geography, complex geological history, and varied climatic conditions. Many 
river basins and lakes harbor endemic species with restricted distributions, 
making them particularly vulnerable to ecological perturbations (Hutama et al., 
2016; Lohman et al., 2011). 

Island biogeography theory suggests that isolated ecosystems often 
exhibit high endemism but lower resilience to biological invasions. In such 
systems, native species may lack evolutionary adaptations to cope with novel 
predators or competitors. Consequently, the introduction of alien fish may 
disproportionately affect endemic and specialist species compared to 
widespread generalists (Rios et al., 2024). 

In tropical freshwater ecosystems, where ecological interactions are often 
tightly structured and species richness is high, the loss of native fish can have 
cascading implications for ecosystem functioning, food web stability, and local 
livelihoods. Therefore, understanding the theoretical links between invasion 
processes and biodiversity outcomes is essential for developing effective 
conservation and management strategies (Cooke et al., 2024). 
 
METHODOLOGY 
Research Design 

This study adopted a literature review approach to synthesize and 
critically evaluate existing scientific evidence on alien fish invasions in 
Indonesian inland waters and their ecological consequences on native 
biodiversity. A systematic review design was chosen to ensure methodological 
transparency, replicability, and analytical rigor in identifying and interpreting 
relevant publications. By implementing a structured and sequential review 
protocol, this study sought to minimize subjectivity in article selection while 
enabling a comprehensive synthesis of available knowledge. 

 The scope of the review was limited to freshwater inland ecosystems 
within the Indonesian territory, including rivers, lakes, reservoirs, wetlands, 
and associated floodplain systems. Marine and brackish-water environments 
were intentionally excluded to maintain ecological consistency and to ensure 
that the synthesis remained focused on freshwater invasion dynamics. The 
overall review process followed four main stages: identification of relevant 
publications, screening and eligibility assessment, systematic data extraction, 
and thematic synthesis. 
 
Data Sources and Search Strategy 

Scientific publications were retrieved from major academic databases, 
including Scopus, Web of Science, and Google Scholar, in order to ensure broad 
coverage of peer-reviewed international and national literature. These 
databases were selected because they index high-quality scientific outputs 
across ecological and environmental disciplines and provide sufficient search 
flexibility for systematic reviews (Gusenbauer & Haddaway, 2020). 

The search strategy employed structured keyword combinations using 
Boolean operators to capture variations in terminology related to alien species 
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and ecological impacts. Core search strings included combinations of “alien 
fish,” “non-native fish,” “exotic fish,” and “invasive fish” together with 
“Indonesia” and terms such as “freshwater,” “river,” “lake,” or “inland 
waters,” as well as “biodiversity” and “ecological impact.” Searches were 
conducted for publications released between 2000 and 2025 to ensure that the 
review reflected contemporary invasion patterns and recent ecological findings. 

To reduce the risk of omitting relevant studies, a backward reference 
search (snowballing technique) was conducted by examining the reference lists 
of selected articles. This step allowed the identification of additional relevant 
publications that were not captured during the initial database search (Wohlin 
et al., 2022). 
 
Study Selection Criteria 

Following the identification stage, all retrieved records underwent a two-
step screening process. First, titles and abstracts were examined to determine 
their relevance to the research objectives. Articles that appeared to address 
occurrences of alien fish, ecological impacts, or biodiversity implications in 
Indonesian inland waters were retained for full-text evaluation. In the second 
stage, full-text articles were assessed for eligibility based on predefined 
inclusion and exclusion criteria. 

Only peer-reviewed journal articles were included to ensure scientific 
credibility and methodological clarity. Studies were required to explicitly focus 
on alien or non-native fish species in Indonesian freshwater ecosystems and to 
report ecological impacts, biodiversity effects, distributional patterns, or 
management implications. Publications written in English or Bahasa Indonesia 
were considered eligible. Conversely, studies that focused exclusively on 
aquaculture production performance without ecological assessment were 
excluded, as were studies conducted outside Indonesia and grey literature 
lacking sufficient methodological transparency. Marine ecosystem studies were 
also excluded to maintain analytical focus. 

This structured selection process ensured that the final dataset comprised 
scientifically robust, contextually relevant studies aligned with the review's 
objectives. 
 
Data Extraction and Thematic Classification 

Eligible articles were systematically examined, and relevant information 
was extracted and compiled into a structured data matrix. Extracted data 
included publication details, geographic study location, alien fish species 
reported, documented introduction pathways where available, types of 
ecological impacts identified, biodiversity indicators assessed, and any 
management or policy recommendations proposed by the authors. 

To facilitate comparative analysis, ecological impacts reported across 
studies were categorized into major thematic groups based on recurring 
patterns observed in the literature. These themes included interspecific 
competition, predation, hybridization and genetic introgression, habitat 
alteration, disease transmission, and modifications to trophic structure. The use 
of thematic classification allowed the identification of dominant impact 
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pathways and provided a consistent analytical framework for synthesizing 
findings across geographically and methodologically diverse studies. 
 
Data Analysis and Synthesis 

Given the heterogeneity of study designs, ecological indicators, and 
methodological approaches among the reviewed articles, a quantitative meta-
analysis was deemed inappropriate. Instead, this study employed a qualitative 
narrative synthesis supported by frequency-based pattern analysis. Recurring 
species, commonly reported impact mechanisms, and geographically 
concentrated invasion cases were identified and interpreted to reveal broader 
ecological trends (Popay et al., 2006). 

The analysis focused on identifying consistent patterns in species 
dominance, ecological interactions, and biodiversity responses across 
freshwater systems. Particular attention was paid to evidence of declines in 
native species, shifts in community composition, and indications of biotic 
homogenization. The synthesized findings were subsequently interpreted in 
light of established invasion ecology theories presented in the theoretical 
review section, thereby connecting empirical observations to broader ecological 
principles. 

Through this integrative analytical approach, the review aimed not 
merely to summarize previous studies but to provide a structured 
understanding of invasion dynamics and their implications for freshwater 
biodiversity conservation in Indonesia. 
 
Limitations of the Review 

This review acknowledges several inherent limitations. Publication bias 
may influence the availability of documented ecological impacts, as studies 
reporting significant or negative effects are more likely to be published. 
Additionally, variations in sampling design, ecological indicators, and temporal 
scales across primary studies limit direct comparability and preclude statistical 
aggregation. These limitations were carefully considered during interpretation 
to avoid overgeneralization and to ensure balanced conclusions. 
 
RESEARCH AND DISCUSSION 
Overview of Alien Fish Introductions in Indonesian Inland Waters 

The synthesis of reviewed studies indicates that alien fish introductions 
in Indonesian inland waters are neither recent nor incidental phenomena. 
Rather, they represent a long-standing and cumulative process closely linked to 
aquaculture development, fisheries enhancement programs, and the 
ornamental fish trade. Over the past several decades, Indonesia has actively 
introduced economically valuable freshwater fish species to support food 
security and rural livelihoods. While these initiatives have contributed 
significantly to national fish production, they have also facilitated the 
establishment of non-native species in natural ecosystems (de Silva, 2012; FAO, 
2010; Haubrock, Novello, et al., 2025). 

Several species recur consistently across multiple regions and studies. 
Among the most widely reported are Oreochromis niloticus, Clarias gariepinus, 
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and Cyprinus carpio, all of which were intentionally introduced for aquaculture 
purposes (Ainy et al., 2024; Muchlisin, 2012; Yanuarita et al., 2020). Benthic 
armored catfish such as Pterygoplichthys pardalis have been documented in 
several Indonesian rivers, often associated with releases from the ornamental 
fish trade (Elfidasari et al., 2020; Patoka et al., 2020). Another example often 
found is the red devil fish (Amphilopus spp.), which is known to have been 
introduced into lakes, reservoirs, and rivers in Indonesia to increase the 
productivity of local regional fisheries, with a lack of comprehensive initial 
studies and potential as an invasive species (Dadiono, 2023; Ohee et al., 2018; 
Umar et al., 2015). On the other hand, several foreign species, such as 
Hypophthalmichthys molit, were deliberately introduced as biological controls to 
counter plankton dominance (Herawati et al., 2017). Once established, many of 
these species demonstrate high environmental tolerance, rapid growth rates, 
and broad dietary niches, traits commonly associated with invasion success 
(Dina et al., 2022). 

Indonesia’s archipelagic geography and fragmented river systems create 
both ecological opportunity and vulnerability. In many cases, introductions that 
began in controlled aquaculture settings expanded into open freshwater 
systems through flooding events, cage aquaculture escape, or deliberate 
stocking. Over time, repeated propagule pressure has increased the likelihood 
of establishment and spread (Dina et al., 2022; Haryono et al., 2023; Husnah & 
Aida, 2005; Salsabila et al., 2024). 
 
Patterns of Ecological Impacts 

Across the reviewed literature, ecological impacts of alien fish in 
Indonesia can be grouped into several recurring mechanisms: competition, 
predation, habitat modification, and trophic alteration (Dina et al., 2022; 
Haryani et al., 2025; Hedianto & Sentosa, 2019; Robin et al., 2023). 

Competition for food and spawning habitats is one of the most 
frequently reported interactions. Species such as Nile tilapia and red devil fish 
are characterized by dietary plasticity and efficient reproductive strategies, 
enabling them to exploit a wide range of trophic resources (Adjie et al., 2015; 
Nurfadillah et al., 2025; Pavlov & Kasumyan, 2002; Subekti et al., 2025). In lakes 
and reservoirs, their dominance has been associated with shifts in native fish 
abundance, particularly among species occupying similar ecological niches. 
Although direct causality is often difficult to isolate due to concurrent 
environmental degradation, multiple studies indicate consistent patterns of 
native species decline following the prolonged establishment of non-native fish 
populations (Insani et al., 2020; Umar et al., 2015). 

Predatory impacts are especially significant in systems containing 
endemic species with restricted distributions. In smaller lakes or isolated river 
basins, introduced predatory or omnivorous species may exert disproportionate 
pressure on native juveniles and eggs. For example, the presence of alligator gar 
in the family Lepisosteidae (Lepisosteus spp. & Atractosteus spp.) poses a 
potential threat to native freshwater fishes in Indonesia due to their position as 
top predators (Hadiaty, 2007). Tropical island ecosystems, where many species 
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evolved in relative isolation, often lack evolutionary exposure to novel 
predators, reducing adaptive resilience (Achmad et al., 2018; Dina et al., 2022; 
Salsabila et al., 2024). 

Habitat modification represents another critical yet sometimes 
overlooked pathway. Bottom-feeding invasive catfish, particularly species in 
the genus Pterygoplichthys, disturb sediment during foraging and burrowing. 
This behavior can increase turbidity, alter substrate composition, and disrupt 
spawning grounds of native fishes. Such physical ecosystem alterations may 
trigger cascading effects extending beyond fish assemblages, influencing 
aquatic vegetation and invertebrate communities (Elfidasari et al., 2020; Jeff et 
al., 2014; Patoka et al., 2020). 

At the ecosystem level, several studies suggest evidence of trophic 
restructuring following biological invasions. The introduction of highly 
adaptable omnivores or generalist predators can simplify food webs by 
disrupting established trophic interactions and reducing specialist species. 
Consequently, invaded ecosystems often become dominated by generalist 
assemblages with lower structural complexity. This process is consistent with 
broader global patterns linking biological invasions to the functional 
homogenization of freshwater communities (David et al., 2017; Wainright et al., 
2021). 
 
Biodiversity Implications and Biotic Homogenization 

One of the most significant long-term implications identified in the 
literature is the gradual erosion of freshwater biodiversity. Indonesia is globally 
recognized for its high freshwater fish endemism, particularly in ancient lakes 
and geographically isolated drainage basins. Geological complexity and long-
term habitat isolation have promoted extensive speciation, resulting in 
numerous taxa restricted to single lakes or river systems. However, the 
introduction of widespread non-native species may erode the ecological 
distinctiveness of these systems by altering native community composition and 
threatening locally endemic taxa (Hutama et al., 2016; Parenti, 2011) 

Biotic homogenization, the increasing similarity of species composition 
across geographically distinct ecosystems, emerges as a recurring theme. As 
widely distributed alien species establish populations in multiple river basins, 
locally unique assemblages may be replaced or diluted by a common set of 
generalist species. While total species richness may not decline immediately, the 
replacement of endemic taxa by cosmopolitan invaders reduces beta diversity 
and evolutionary uniqueness (Olden et al., 2004; Rahel, 2002). 

Hybridization poses an additional, more subtle threat. Although less 
frequently documented, genetic introgression between introduced and native 
congeners can lead to genetic dilution and long-term evolutionary 
consequences. Such impacts are difficult to detect without molecular analyses, 
suggesting that current assessments may underestimate the true scale of 
biodiversity loss (Bradbeer et al., 2019; Scribner et al., 2001). 

Importantly, the review indicates that biodiversity impacts often interact 
with other anthropogenic stressors, including habitat fragmentation, pollution, 
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and hydrological alteration. Invasion effects rarely occur in isolation; instead, 
they compound existing ecological pressures, amplifying vulnerability in 
already stressed freshwater systems (Dudgeon et al., 2006b; Johnson et al., 2008; 
Strayer, 2010). 
 
Drivers and Synergistic Pressures 

The literature consistently highlights aquaculture expansion as the 
dominant driver of fish introductions in Indonesia. Cage culture in lakes and 
reservoirs increases the likelihood of escape events, particularly during extreme 
weather or infrastructure failure. Government-supported stocking programs, 
historically aimed at enhancing fisheries productivity, have also contributed to 
the widespread distribution of certain species (Casal, 2006). 

The ornamental fish trade represents a secondary but increasingly 
relevant pathway. Releases of aquarium species, intentional or accidental, have 
resulted in the establishment of several non-native taxa in urban rivers. Once 
introduced, high reproductive capacity and absence of natural predators may 
facilitate rapid population growth (Casal, 2006; Rachmatika et al., 2006; Widjaja 
et al., 2014). 

Crucially, invasion success appears closely linked to ecosystem 
disturbance. Systems experiencing nutrient enrichment, shoreline modification, 
or hydrological change often provide ecological opportunities that favor 
adaptable non-native species. This interaction between disturbance and 
invasion reinforces theoretical expectations from invasion ecology and 
underscores the importance of integrated watershed management (Bunn & 
Arthington, 2002; Haubrock, Tarkan, et al., 2025; Ricciardi et al., 2021). 
 
Implications for Conservation and Management 

The cumulative findings suggest that alien fish invasions in Indonesian 
inland waters represent not merely isolated ecological events but systemic 
biodiversity challenges. While introduced species contribute to food production 
and economic resilience, unmanaged spread into natural ecosystems may 
compromise long-term ecological stability (Dina et al., 2022; Salsabila et al., 
2024). 

The review highlights the need for strengthened biosecurity protocols, 
risk assessments prior to species introduction, and post-introduction 
monitoring programs. Additionally, improved integration between fisheries 
development policies and biodiversity conservation frameworks is essential. 
Without proactive management, the gradual homogenization of freshwater 
ecosystems may undermine Indonesia’s globally significant freshwater 
biodiversity heritage (Alfiandi et al., 2025; Liu et al., 2026; Taryono et al., 2021). 
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CONCLUSIONS AND RECOMMENDATIONS 
Conclusion 

This review demonstrates that alien fish invasions in Indonesian inland 
waters constitute a persistent ecological issue closely intertwined with 
aquaculture expansion, fisheries enhancement, and ornamental fish trade. While 
introduced species contribute significantly to food security and economic 
development, their establishment in natural freshwater systems has generated 
consistent ecological consequences, including competition with native species, 
predation, habitat alteration, and trophic restructuring. In ecologically isolated 
and high-endemism freshwater systems, these impacts may disproportionately 
affect endemic taxa. 

The synthesis further indicates that invasion effects rarely occur in 
isolation but interact with broader anthropogenic pressures such as habitat 
degradation and hydrological modification. Over time, these cumulative 
processes may contribute to shifts in community composition and gradual biotic 
homogenization, thereby reducing the ecological distinctiveness of Indonesia’s 
freshwater ecosystems. Balancing fisheries productivity with biodiversity 
conservation, therefore, emerges as a central sustainability challenge. 
 
Recommendations 

 To address these challenges, stronger pre-introduction ecological risk 
assessments should be institutionalized prior to the deliberate release of non-
native fish species, particularly in ecologically sensitive regions. Post-
introduction monitoring systems, including long-term ecological and genetic 
surveillance, are essential for early detection of invasive spread and biodiversity 
impacts. Enhanced biosecurity protocols in aquaculture operations, especially in 
open-water cage systems, are equally critical to minimizing escape events. 
At the policy level, closer integration between fisheries development and 
biodiversity conservation frameworks is required to ensure ecosystem-based 
management of inland waters. Future research should prioritize long-term, 
cross-basin comparative studies and functional diversity assessments to better 
quantify cumulative ecological impacts. Through precautionary and evidence-
based management, Indonesia can better safeguard its freshwater biodiversity 
while sustaining the socioeconomic benefits derived from aquatic resource 
development. 
  
ADVANCED RESEARCH 

Despite the growing body of research on the occurrence of alien fish in 
Indonesian inland waters, significant knowledge gaps remain. Future studies 
should prioritize long-term ecological monitoring to quantify the cumulative 
impacts of invasions across multiple river basins and lake systems. In 
particular, there is a need for standardized methodologies to assess changes in 
community structure, functional diversity, and ecosystem resilience over time. 
Molecular and population genetic approaches are also essential to detect 
hybridization, cryptic invasions, and genetic erosion among endemic taxa, 
processes that are often underestimated in conventional ecological surveys. 
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Moreover, interdisciplinary research integrating ecological assessment 
with socio-economic and governance analysis is urgently required. 
Understanding how aquaculture expansion, stocking policies, and ornamental 
fish trade interact with local livelihoods and regulatory frameworks will 
provide a more comprehensive socio-ecological perspective on invasion 
dynamics. Comparative cross-basin studies and predictive modeling under 
climate change scenarios would further strengthen risk assessment and 
management strategies, ensuring that freshwater biodiversity conservation in 
Indonesia is informed by robust, forward-looking scientific evidence. 
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