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Abstract 
The establishment, spread, and impacts of aquatic invasive species (AIS) are 
accelerating globally, intensifying ecological and socioeconomic challenges for 
global fisheries requiring adaptive, context-specific strategies. Drawing on 11 AIS 
case studies, a global survey of 100 scientists, and an expert review panel of 21 
scientists, we developed the recent technical paper Fisheries Responses to Invasive 
Species in a Changing Climate, published by the Food and Agriculture Organization 
of the United Nations. For established AIS, nine adaptive management measures 
were considered: (1) developing commercial fisheries, (2) promoting recreational 
harvesting, and (3) creating market opportunities to valorize AIS. To support these, 
(4) education and outreach and (5) stakeholder engagement are recommended to build 
awareness and co-management. Environmental strategies include (6) spatial control 
in priority areas, (7) biological control under strict conditions, and (8) ecological 
restoration. In some cases, (9) a “do nothing” approach may be justified when 
intervention is unfeasible or potentially harmful. Collectively, this analysis offers a 
flexible decision-support framework informed by available evidence, expert 
consensus, and practical experience. As climate change continues to reshape aquatic 
systems and modulate invasion dynamics, these strategies offer essential 
guidance for sustaining biodiversity, ecosystem services, and livelihoods in 
fisheries affected by AIS. Ultimately, their effective application will depend on a 
series of specific factors, which often include coordinated governance, adaptive 
policy, and inclusive science-policy dialogue. 
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Introduction 

The proliferation of aquatic invasive species (AIS) has significantly 
accelerated in recent decades, due to translocation of species beyond their 
native ranges from global trade and transport (Meyerson and Mooney 
2007; Seebens et al. 2017; Seebens et al. 2021, 2025). AIS have also been 
deliberately introduced for aquaculture (e.g., salmon, tilapia, common 
carp, pangasius, whiteleg shrimp), fisheries enhancement (e.g., Nile perch, 
icefish), biocontrol (e.g., grass carp, silver carp), or bait in recreational 
angling. As a result, AIS currently affect fisheries systems across both 
freshwater (FAO 2018; Bernery et al. 2022) and marine environments 
(Giakoumi et al. 2019), leading to widespread and well-documented 
ecological disruptions (Strayer 2010; Britton et al. 2011; Gallardo et al. 
2016). 
Climate change adds an increasingly influential layer of complexity. It 
amplifies the spread and impact of several AIS by modifying the likelihood 
and pathways through which these species are introduced in new environments 
(Rahel and Olden 2008; Kernan 2015). Furthermore, warming conditions 
enhance the dispersal, survival, and establishment of warm-adapted AIS, 
thereby exacerbating their ecological and economic consequences (Rahel 
and Olden 2008; Ling and Keane 2024). In this context, our study includes 
some climate-induced range expansions among the management cases, 
reflecting their growing relevance in fisheries systems. Although these 
species may not strictly meet the definition of alien, they pose similar 
management challenges and warrant comparable attention. 

Preventing new introductions remains the most effective and cost-
efficient management approach. This principle is embedded in the Aichi 
Target 9 of the Convention on Biological Diversity, reiterated in Target 6 of 
the Kunming-Montreal Global Biodiversity Framework, and operationalized 
in EU Regulation 1143/2014. According to this hierarchy, priority should 
be given to prevention, followed by rapid eradication, and then containment 
and ongoing control. Despite the existence of international frameworks and 
regulatory instruments (Bartley and Minchin 1996; IMO 2004; Singh 
2021), prevention is seldomly fully effective on its own and numerous 
AIS continue to become permanently established in aquatic ecosystems 
(Havel et al. 2015). Once these species are well established, eradication is 
rarely feasible (Ojaveer et al. 2015; Simberloff 2021; Green and Grosholz 
2021), reinforcing their presence as persistent components of these 
environments (Pinsky et al. 2014), except in cases where “Boom and bust" 
dynamics may lead to natural declines (Strayer et al. 2017) 

While the presence of AIS is widely considered a threat to native 
biodiversity and for the sustainability of associated production systems 
(Barange et al. 2018; D’Amen and Azzurro 2020; Bahri et al. 2021; Oesterwind 
et al. 2025), it is increasingly clear that some invaders can contribute to 
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fisheries (Kleitou et al. 2021; Haubrock et al. 2022; Roy et al. 2023, 
Cresswell et al. 2025). In climate change hotspots, tropical AIS may partially 
compensate for the loss of native species with similar ecological functions 
(Katsanevakis et al. 2023). This emerging complexity calls for a dual 
approach: one that mitigates ecological risks while also addressing the 
realities faced by fisheries sectors, especially where eradication is unfeasible. In 
this context, the recent FAO Fisheries and Aquaculture Technical Paper 704 
(Azzurro et al. 2024) presents a comprehensive analysis of nine potential 
management measures for the development of AIS-specific fisheries. The 
assessment is based on a structured analytical framework encompassing: 
(1) a detailed description of each measure; (2) an outline of anticipated 
benefits and positive outcomes; (3) an analysis of associated challenges; 
(4) the identification of key enabling factors; and (5) a set of practical 
recommendations. Here we seek to synthesize the main conclusions of that 
work, offering practical guidance to inform decision-making in the 
complex and multifaceted context of global fisheries. 

Materials and methods 

Preparation of the FAO Fisheries and Aquaculture Technical Paper 704 

The FAO Fisheries and Aquaculture Technical Paper 704 (Azzurro et al. 
2024) was developed through a collaborative effort between the Food and 
Agriculture Organization of the United Nations (FAO) and the National 
Research Council of Italy – Institute for Marine Biological Resources and 
Biotechnology (CNR-IRBIM). The development process followed a three-
step approach, which included (1) the compilation of eleven Expert Case 
Studies (Table 1), from 21 experts representing institutions across five 
continents; (2) a global survey through an online questionnaire collecting 
responses from 100 bioinvasion experts, working across aquatic environments 
of 44 countries to assess experiences, perceptions, and practices related to 
AIS management in the context of climate change (See Appendix 1 in 
Azzurro et al. 2024) reporting actions on 71 different taxa among fish, 
molluscs, crustaceans, other invertebrates, plants and seaweeds; and (3) a 
two-day virtual workshop, held on 8–9 May 2023, gathering experts 
around the world who presented their case studies, synthesized findings, 
and discussed lessons learned and good practices. The workshop, titled 
“Compilation and analysis of fisheries management responses to aquatic 
invasive species (AIS) in the context of climate change” (hereafter referred 
to as the AIS workshop), served as a platform for dialogue among 11 
invited experts. Discussions focused on the identification of practical and 
context-specific management responses, contributing directly to the 
formulation of the report’s conclusions and recommendations. Nine key 
management measures were identified based on earlier work (e.g., Thresher 
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Table 1. Case studies presented in the FAO Fisheries and Aquaculture Technical Paper 704, with corresponding adaptation 
measures adopted in each case. Measures are coded numerically as follows: #1 Develop and manage a commercial fishery; #2 
Encourage Recreational Harvesting; #3 Explore Market Opportunities; #4 Implement outreach programmes; #5 Foster stakeholder 
engagement; #6 Implement spatial control; #7 Implement Biological Control; #8 Restore ecosystems; #9 Do nothing. *Within the 
FAO Fisheries and Aquaculture Technical Paper 704, the case of the comb jelly Mnemiopsis leidyi is presented as a summarized 
box and not developed according to the full structure used for the eleven main case studies. 

Authors Location and Case 
Study Impacts of the Invasion Climate Interactions Measure 

Marine         

Falk-Andersson et 
al. 2024 

Barents Sea – Red king 
crab, Paralithodes 
camtschaticus 

Various impacts on ecosystem and 
habitats. Nuisance to local fisheries 
because of entanglement in gear and 
depredation of bait and catches. 
Additional fishing opportunities based on 
a highly valued species. 

Potential sensitivity to ocean 
acidification, insufficient knowledge 
about climate interactions. 

#1, #6 

Ben Suissi et al. 
2024 

Mediterranean Sea – 
Blue crab, Portunus 
segnis 

Socioeconomic consequences for small-
scale fisheries, affecting fisher incomes, 
damaging fishing gears, and reducing 
catches. 

Tropical invader favoured by 
warming conditions; climate-induced 
changes of native assemblages. 

#1 

Shiganova 2024 
Ponto-Caspian Basin – 
Comb jelly Mnemiopsis 
leidyi* 

Cascading effects on ecosystem. 
Increased sea surface temperatures in 
2010 contributing to a decrease of the 
invasive M. leidyi population. 

#7 

Grosholz 2024 

Atlantic and Pacific 
coasts of North 
America – European 
green crab, Carcinus 
maenas 

Predation causing impacts on ecosystem 
and commercial bivalve fisheries and 
aquaculture. 

Green crab population growth and 
winter survival rate favored by 
increased temperatures. 

#1, #6 

Behrens et al. 
2024 

Baltic Sea – Round 
goby, Neogobius 
melanostomus 

Trophic impacts on commercial species 
and benthic macrofauna due to predation 
and food availability. 

Increasing salinity in the Kattegat-
Skagerrak area, and cold 
temperatures in the most northerly 
areas of the Baltic Sea, may prevent 
further establishment of the species 

#1 

Harris et al. 2024 

Western Atlantic and 
Mediterranean Sea – 
Lionfish, Pterois 
volitans and P. miles 

Negative impacts on native species 
populations. Negative impacts on 
fisheries and tourism. 

Increased habitat suitability, higher 
growth rates and further range 
expansion are expected along 
increasing water temperatures. 

#1, #2, #3, #4, 
#5 

Nakamura 2024 Japan – seaweed beds 
and coral reefs 

Changes in species composition. 
Negative impacts on commercial 
fisheries, including lobster and abalone. 

Climate-related shifts in the 
distribution of Sargassum species and 
loss of kelp beds with subsequent 
impacts on fisheries. 

#2, #3, #4, #5, 
#8 

Keane et al. 2024 
Australia – Sea urchin, 
Centrostephanus 
rodgersii 

Overgrazing of kelp reef ecosystems. 
Negative impacts on commercial abalone 
fisheries. 

Climate-driven range extension of 
sea urchins, threatening kelp-
dominated reef ecosystems and thus 
affecting abalone fisheries. 

#1, #3, #4, #5, 
#6 

Inland         

Marshall 2024 

Lake Kariba 
(Zimbabwe/Zambia) – 
Sardine Limnothrissa 
miodon 

Increase in predators and changes in 
plankton composition and abundance. 

Climate-induced changes in river 
flow are expected to have a 
significant long-term impact on 
fisheries. 

#1 

Van Damme et al. 
2024 

Bolivian Amazon – 
paiche, Arapaima gigas 

Potential impacts on native fish fauna 
and subsistence fisheries. Unequal 
distribution of benefits from the paiche 
fishery. 

Tropical invader with expanding 
range favoured by warming 
conditions and seasonal flooding. 

#1, #3 

Singh 2024 

India – African catfish 
Clarias gariepinus and 
common carp Cyprinus 
carpio 

Catfish with high level of threat to fish 
biodiversity. Common carp moderate 
level of threat. Negative impacts on 
abundance and catches of native fish 
species. 

Higher adaptability and survival rates 
of invasive species than native 
species in response to climate change 
impacts. 

#1, #4 

Natugonza 2024 
Lake Victoria (East 
Africa) – Nile perch, 
Lates niloticus 

Negative impact on biodiversity and 
positive impact on fish production. 

Warmer climate and eutrophication 
likely causing the haplochromine 
decline while favoring the 
establishment of Nile perch. 

#1 

and Kuris 2004; Giakoumi et al. 2019) and grouped under socioeconomic 
strategies, communication strategies, and environmental interventions 
(Figure 1). A variable degree of overlap exists across the measures, as some 
of the good practices described can be considered relevant to several, if not 
all, measures. Moreover, some of the measures considered can be strongly 
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Figure 1. The nine FAO measures considered for managing established Aquatic Invasive Species (AIS), grouped by category. 
Each measure includes a main recommendation and an explanatory comment. The connecting lines on the left indicate 
interdependencies among the measures. The concept of the “bioeconomic paradox” highlights the dilemma of managing AIS by 
establishing commercial fisheries and fostering market opportunities. In certain scenarios, AIS lacking commercial value can be 
transformed into species of commercial interest via innovative research and development (R&D). This shift extends management 
opportunities to new socioeconomic measures (above the dashed line). 

interdependent. For instance, a commercial fishery cannot be developed on 
a given AIS (measure #1 Develop and manage a commercial fishery; e.g. 
Cresswell et al., 2025) without the existence of market opportunities for 
that species (measure #3 Explore market opportunities). Examples discussed 
in this volume primarily focus on the management of already established 
AIS. However, it is essential to emphasize that such measures are not 
substitutes for upstream actions to prevent introduction of AIS to new 
environments. Key steps such as prevention, early detection and a priori 
risk/benefit analysis remain the cornerstone of effective AIS management. 
While this study deliberately does not address those earlier stages, their 
importance cannot be overstated in minimizing the ecological and economic 
risks posed by biological invasions, as widely recommended elsewhere 
(FAO 1995; Bartley and Minchin 1996; Mack et al. 2000; FAO 2018). 
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Case studies presented in the FAO Fisheries and Aquaculture Technical 
Paper 704 

The FAO Fisheries and Aquaculture Technical Paper 704 presents eleven 
detailed case studies (Table I) from around the world that illustrate how 
fisheries have responded to the growing challenge posed by aquatic 
invasive species. These examples, contributed by experts from diverse 
geographical and socio-economic contexts, offer practical insights into the 
implementation of various adaptation measures. Each case highlights the 
interplay between ecological risks and socio-economic realities, showcasing 
real-world strategies ranging from commercial exploitation and stakeholder 
engagement to ecosystem restoration and spatial control. Together, these 
case studies provide a valuable evidence base to inform future management 
approaches and support adaptive decision-making tailored to local needs 
and capacities. They also provided an experience-based foundation for 
analyzing the management measures under consideration. 

The nine measures explored by the FAO Fisheries and Aquaculture 
Technical Paper 704 

This section presents a concise overview of the nine measures explored in 
the FAO Fisheries and Aquaculture Technical Paper 704. Each measure was 
assessed through a structured analytical framework that included: (1) a 
detailed description of the measure; (2) an outline of its expected benefits 
and positive outcomes; (3) an examination of associated challenges; (4) 
identification of key enabling factors; and (5) a set of practical 
recommendations. For comprehensive details, readers are referred to the 
FAO Fisheries and Aquaculture Technical Paper 704. 

#1 Develop and manage a commercial fishery 

The development and regulation of commercial fisheries targeting 
established AIS represents a pragmatic, though complex, strategy within 
invasive species management. This approach is grounded in the framework 
that creating economic value through exploitation may incentivize control. 
In cases where management resources are limited, which is often the case, 
this may be the only opportunity to implement significant long-term 
control efforts. Initiatives of this kind can therefore be more effective than 
others. However, they must navigate intricate ecological, socioeconomic, 
and governance challenges.  

The FAO Fisheries and Aquaculture Technical Paper 704 highlights 
concrete examples of ecological and economic outcomes in cases where 
AIS can be harvested, processed, and even exported. One example is the 
invasive Arapaima gigas (Osteoglossiformes) (Supplementary material 
Figure S1), introduced into the southern Peruvian Amazon in the late 
1960s (Miranda-Chumacero et al. 2012), which now supports a regulated 
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commercial fishery with socio-economic relevance. Another example is the 
Longspined sea urchin Centrostephanus rodgersii (Figure S2), whose climate-
driven range expansion in Eastern Tasmania has led to a population explosion 
exceeding 20 million individuals and a consequent loss of 15% of kelp 
habitat over the past four decades (Ling and Keane 2024). In this case, targeted 
commercial harvesting and overfishing are considered the only viable 
strategies to restore and maintain ecological balance (Cresswell et al. 2025). 

In certain cases, AIS fisheries have grown to dominate local economies. 
Nonetheless, the necessity of navigating a series of trade-offs must be 
acknowledged, including a careful evaluation of removal methods to avoid 
negative impact on native species and habitats. Moreover, a central dilemma 
lies in the “bioeconomic paradox”, whereby market-driven control strategies 
inadvertently incentivize the maintenance of viable AIS populations, 
ultimately undermining long-term control objectives.  

To mitigate this risk, any commercial exploitation should incorporate 
robust post-market traceability mechanisms to prevent unintended spread. 
Further complications include “Boom and bust" population dynamics 
(Strayer et al. 2017), the potential for stakeholder conflict, transboundary 
management disputes, and the ecological consequences of uncontrolled 
commercial expansion. Enabling factors include the economic viability of 
harvesting methods, stakeholder engagement, subsidies or investments, 
transboundary management cooperation, and governance systems that 
integrate scientific advice into adaptive management. Ultimately, successful 
deployment of this strategy requires careful planning, context-specific 
regulation, clear management objectives (including justice perspectives), and 
coordinated stakeholder engagement. Where appropriate, research and 
development efforts may also support the transformation of non-commercial 
AIS into economically viable resources (Measure #3). 

#2 Encourage Recreational Harvesting 

The promotion of recreational harvesting of AIS presents a complementary, 
community-driven tool within integrated management strategies. Defined 
as non-commercial fishing conducted for leisure, tourism, or sport, 
recreational fisheries have been increasingly leveraged to support AIS control 
efforts, particularly in marine systems. Iconic examples include diver-led 
culling activities targeting invasive lionfish (Goodbody-Gringley et al. 
2023). Managers can stimulate public participation through awareness 
campaigns, fishing competitions, or regulatory incentives such as liberalized 
rules for AIS removal and inclusion of recreational fishers in AIS control. 
Although these approaches are primarily marine-oriented, they may be 
cautiously extended to inland ecosystems, where recreational fishing remains 
a recognized vector for the introduction of AIS. This could exacerbate 
biosecurity challenges, particularly in regions with weak regulatory frameworks 
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and insufficient monitoring. For instance, the use of bait, the transport of 
live animals between water bodies, and the release or improper disposal of 
live specimens are all potential pathways for AIS spread (Cambray et al. 
2003; South et al. 2022). Other limitations include public acceptance of 
removal, possible conflicts among different stakeholders, legal constraints, 
such as restrictions on scuba-assisted spearfishing, and the localized nature 
of recreational removals, which often result in ecological refugia that 
undermine large-scale effectiveness. Moreover, as in the case of Measure #1, 
when recreational harvesting of AIS acquires economic value, such as 
through tourism (ie. sport fishing), the risk of a “bioeconomic paradox” 
emerges, whereby ongoing AIS presence becomes economically desirable 
and thus unintentionally sustained. 

#3 Explore Market Opportunities 

Markets for AIS products can support control efforts by generating 
incentives for their removal and this option was highly prioritized by previous 
studies (e.g. Giakoumi et al. 2019). When carefully designed and embedded 
within existing fisheries, this measure can help reduce ecological pressures 
and help offset the ecological and economic damages caused by invasions. 
People are inherently conservative in food preferences, and they can dislike 
new foods (Nuñez et al. 2012). Nevertheless, market opportunities can 
emerge through targeted processing innovations, including the development 
of edible products, byproducts (e.g. skin, fins, biomolecules), and traceability 
systems. However, these initiatives should not be seen as justification for 
the continued presence of AIS, but rather as pragmatic responses to already-
established populations. Where appropriately managed, emerging value 
chains may contribute to job creation, support local economies and raise 
awareness of the impacts of AIS. However, the economic benefits are not 
always evenly distributed along the supply chain, and gains may be 
captured by intermediaries or processors rather than local fishers. In some 
cases, the promotion of AIS as a resource has led to unintended ecological 
consequences, including increased fishing pressure, illegal harvest, or even 
intentional spread. As with commercial fisheries, this approach presents 
trade-offs. The emergence of a profitable AIS market may incentivize 
the maintenance, or even expansion, of AIS populations, generating a 
“bioeconomic paradox”, where conservation goals (ie. control) are 
undermined by economic interests. Conflicts may also arise within and across 
fisheries, especially when AIS markets intersect with native species 
management, or where regulation is limited. Challenges also include 
regulatory restrictions on food safety (e.g. Annabi et al. 2018) and negative 
perceptions of invasive species which may hinder market acceptance. 
Infrastructural limitations, such as insufficient cold chains or remote landing 
sites, can also constrain the development of large-scale AIS markets. 
Additionally, waste generated by AIS processing industries can pose 

https://doi.org/10.3391/mbi.2026.17.1.02
https://www.invasivesnet.org


Fisheries responses to invasive species 

 Azzurro et al. (2026), Management of Biological Invasions 17(1): 35–50, https://doi.org/10.3391/mbi.2026.17.1.02 43 

environmental risks if not managed appropriately. In conclusion, the success 
of this measure depends on several enabling conditions, including public 
support, government incentives, community initiative, scientific validation 
of safety and usability, investor interest, and the existence of trade routes 
and processing capacity. Social acceptance and media engagement are also 
vital in promoting AIS use as a legitimate and sustainable control measure. 

#4 Implement outreach programmes 

Outreach programmes play a crucial role in raising awareness about the 
risks, impacts, and potential uses of AIS, fostering support for management 
across ecological, administrative, and social contexts (e.g. Giakoumi et al. 
2019). They help bridge the gap between scientific knowledge and community 
understanding, particularly among resource users such as fishers. By promoting 
behavioural change, informed engagement, and public acceptance, outreach 
can reduce misinformation, encourage participation in monitoring and 
control, and support the development of AIS-based markets. However, poorly 
designed campaigns may have unintended consequences. Exaggerating risks 
without providing clear management options can shape public perceptions 
in ways that hinder adaptive responses and discourage constructive 
engagement. For instance, an awareness campaign emphasizing only the 
dangers of invasive lionfish could reduce citizens’ willingness to consume 
this edible species and thereby limit their potential contribution to adaptive 
management. Moreover, misaligned messaging may undermine institutional 
credibility or inadvertently promote unsustainable practices. Key enabling 
factors include effective communication and the active involvement of 
local stakeholders (Measure #5), enhancing dialogue and building trust 
among fishers, managers, and researchers. For maximum effectiveness, 
outreach efforts should clearly identify their target audiences, tailor messages 
and tools to each group, and use a mix of communication channels, 
repeating key messages over time to build lasting impact. Ultimately, well-
crafted outreach can help align public perception with sustainable AIS 
management and support long-term ecological and economic goals. 

#5 Foster stakeholder engagement 

Engaging local fishers and volunteers is a cornerstone of effective AIS 
management (e.g. Atchison et al. 2017). Stakeholder participation can support 
a variety of goals, including early detection, participatory monitoring, active 
removal, and the co-development of management strategies. Involving 
those directly impacted by AIS not only enhances ecological outcomes but 
also builds trust, awareness, and long-term partnerships (see also Measure #4). 
The inclusion of stakeholder knowledge, particularly from local fishers, can 
provide valuable insights into species distribution, behaviour, and population 
trends. This information is often critical for early response and targeted 
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interventions. Moreover, engagement fosters community ownership of 
management actions and encourages behavioural change at the grassroots 
level. This measure can be challenged by conflicting objectives between 
stakeholder groups, limited dialogue, and a lack of trust between fishers 
and authorities can hinder collaboration. Accurate identification of AIS by 
non-specialists can also be difficult, potentially leading to misreporting or 
the omission of species from records. Successful implementation of 
participatory approaches depends on pre-existing relationships, shared goals, 
mutual respect, and effective communication strategies, which should be 
combined with a sustained participation in monitoring activities and data 
validation mechanisms. Economic incentives, where appropriate, can further 
reinforce engagement. Starting with clearly defined, realistic tasks and 
ensuring inclusive dialogue help to avoid overburdening participants and 
promote long-term involvement. 

#6 Implement spatial control 

Total eradication of established AIS is rarely feasible, especially in open 
aquatic systems (Britton et al. 2006). Instead, spatial control, when focused 
on specific, high-priority areas, is a more realistic and effective strategy. 
This approach includes maintenance management (Simberloff 2021) 
which aims to keep AIS populations at levels that limit ecological and 
socioeconomic harm, and functional eradication (Green and Grosholz 
2021) which seeks to suppress populations impact thresholds that are 
compatible with specific ecological or economic expectations. Effective 
techniques include physical exclusion (e.g. fencing), targeted removal, and, 
in some cases, the use of bounty programmes or community-led harvesting. 
Recreational and professional fishers can be engaged, particularly where 
participatory approaches and context-specific support are in place (see also 
previous measures). Identifying critical life stages, such as migration or 
spawning periods, can further improve the efficiency of removal efforts. 
This strategy can yield substantial conservation benefits at the local level, 
protecting biodiversity and preserving key habitats. However, its success 
depends on sustained effort, clearly defined targets, and robust coordination 
across jurisdictions. Challenges include the risk of reinvasion from 
unmanaged sites and the ecological resilience of AIS populations, which 
can lead to compensatory reproductive responses. Chemical control is 
generally discouraged in aquatic systems due to the high risk of non-target 
impacts and ecosystem contamination. Enabling conditions include clear 
management goals, strong public support, and collaboration between 
scientists, local communities, and resource users to identify optimal removal 
periods and methods. Overall, spatial control should be seen as part of a 
broader, adaptive management framework aimed at limiting spread and 
impacts rather than achieving total elimination. 
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#7: Implement Biological Control 

Biological control involves the use of living organisms, such as predators, 
parasites, pathogens, or even genetically modified organisms, to suppress 
AIS, but its application remains limited and controversial, particularly in 
aquatic systems. While a few cases have shown promise (Bajer et al. 2019), 
most examples remain experimental or have yielded minimal, if not unintended 
or detrimental results (e.g. Dibble and Kovalenko 2009). A unique case 
worth mentioning involves the introduction of Mnemiopsis leidyi, which 
severely impacted fish stocks across the Black, Azov, and Caspian Seas. 
Remarkably, the subsequent appearance of its natural predator, Beroe ovata, 
resulted in an unintentional yet effective instance of biological control 
(Shiganova et al. 2023), underscoring both the potential and the ecological 
risks associated with biocontrol strategies in aquatic environments. 

Genetic approaches like inducing sterility in invasive species are emerging, 
though they face technical, ethical, and regulatory barriers. Major concerns 
include unintended ecological consequences, such as control agents becoming 
invasive themselves, limited public acceptance, and the variable success of 
such interventions in aquatic environments. Climate change may further 
complicate biocontrol by altering the dynamics between AIS and their 
potential control agents. Given these risks, biological control should be 
pursued only when supported by robust scientific evidence, comprehensive 
risk assessments, and inclusive stakeholder engagement. Continuous 
monitoring and adaptive management are essential to ensure both ecological 
safety and long-term effectiveness. When exploring biological control 
strategies, priority should be given to enhancing native predator populations 
rather than introducing new species. 

#8: Restore ecosystems 

Invasive species can be a major cause of ecosystem degradation, and these 
impacts may necessitate interventions beyond controlling the target alien 
species (Holmes et al. 2020). This implies reinstating natural structures, 
functions, or key ecological components. This approach may include habitat 
rehabilitation, species restocking, and enhancement of ecological processes 
such as predation or competition. Restoration efforts can improve biodiversity, 
habitat functionality, water quality, and ecosystem resilience, while also 
yielding benefits for fisheries, recreation, and cultural values. However, 
challenges may arise from persistent AIS presence, irreversible ecosystem 
changes and altered environmental baselines driven by climate change. 
Such “novel ecosystems” require significant revision of conservation and 
restoration norms and practices based on existing or historical assemblages 
(Hobbs et al. 2009). Restoration under such dynamic and unpredictable 
conditions demands careful planning, stakeholder collaboration, and long-
term adaptive management (Harris et al. 2006). Success depends on 

https://doi.org/10.3391/mbi.2026.17.1.02
https://www.invasivesnet.org


Fisheries responses to invasive species 

 Azzurro et al. (2026), Management of Biological Invasions 17(1): 35–50, https://doi.org/10.3391/mbi.2026.17.1.02 46 

controlling invasion drivers, selecting appropriate targets, and acknowledging 
that full re-establishment of historical conditions may not always be 
possible, particularly in the face of climate-induced shifts. Therefore, in 
some cases, maintaining functional ecosystems that include a mix of native 
and non-native species might be the most viable outcome, provided that 
ecological risks are thoroughly evaluated and risky interventions, such as 
introducing new non-native species, are avoided. 

#9: Do nothing 

Choosing not to intervene, often referred to as the “do nothing” approach 
– is a frequent response to many established AIS whether due to limited 
resources, uncertainty about effective responses or because the species have 
become familiar or even valued by local communities (Giakoumi et al. 
2019). This passive strategy involves refraining from active interventions 
and allowing natural or socio-economic processes to unfold, as observed 
with the spontaneous growth of AIS fishery in the Eastern Mediterranean 
(Kleitou et al. 2021). In rare cases, AIS populations have collapsed naturally 
following a proliferation phases, demonstrating unpredictable “boom-and-
bust” dynamics (Strayer et al. 2017). However, relying on non-intervention 
carries significant risks: unmanaged invasions can cause long lasting 
ecological damage, species extinctions, and socioeconomic losses, especially 
in vulnerable fisheries. Therefore, non-intervention should only be considered 
after thorough evaluation of alternative measures, potential impacts, and 
long-term costs. Even when a passive strategy is adopted, the ecological 
and socioeconomic consequences must be closely monitored to detect and 
respond to emerging threats. 

Conclusions 

The FAO Fisheries and Aquaculture Technical Paper 704 presents a diverse 
selection of case studies that offer valuable insights into the management of 
fisheries affected by AIS. While not exhaustive, this compilation, briefly 
summarized herein, highlights a range of approaches, outcomes, and lessons 
learned from various regions. It provides a foundation for reflection, 
learning, and the development of adaptive responses to the escalating global 
challenges posed by these species. The management of AIS is inherently 
complex, shaped by the ecological intricacies of invasions, varying degrees 
of local capacity, and the unpredictability of intervention outcomes. 
Adapting fisheries to these evolving conditions requires context-specific 
strategies, informed by both ecological realities and socioeconomic conditions. 

Moving forward, it is crucial to integrate climate-resilient benchmarks 
into fisheries policy and practice that are context-specific, sensitive to 
system thresholds, and responsive to governance, compliance, and funding 
constraints. Despite the limitations of the current overview, the experiences 
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shared here are intended to inform and inspire improvements in management 
responses and policy frameworks for fisheries operating under pressure 
from AIS and climate change. As the body of research grows and management 
tools continue to evolve, expanding this knowledge base through new case 
studies will be essential to fully grasp the multifaceted nature of this issue. 

This work is aligned with key international and regional commitments, 
including Article 8(h) of the Convention on Biological Diversity and the 
Target 6 of the Kunming-Montreal Global Biodiversity Framework and 
with the objectives of the FAO Code of Conduct for Responsible Fisheries, 
particularly in promoting responsible practices that conserve biodiversity 
and ensure sustainability. The proposed approach and measures for 
addressing the risks and impacts by aquatic invasive species are consistent 
with the Ecosystem Approach to Fisheries, as they integrate ecological, 
social, and governance dimensions to support sustainable and adaptive 
fisheries management. However, to be truly effective, these measures must 
also account for the complexity of their implementation, which faces clear 
challenges outlined in this paper and further detailed in the FAO technical 
report. In addition, managers should be aware of the scale mismatch between 
local or regional management actions and the globally driven nature of 
invasion pressures, and adopt adaptive, iterative learning frameworks 
supported by transnational cooperation and, ideally, real-time monitoring. 
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