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Abstract 

Societally relevant applications of genomic science to understanding biodiversity depend on 

sustained and equitable engagement with Local Communities that supports ethical practice, builds 

a richer knowledge base, and guides sustainable conservation decisions. Pairing genomic 

sequencing data with long-held local ecological knowledge offers unique opportunities to gain 

insights into species biology within lived landscapes. However, meaningful participation of Local 

Communities and integration of community-held knowledge in genomics-informed research 

practices remains limited, likely hindered by inadequate engagement training and a lack of 

researcher incentives. Establishing an engagement framework is therefore essential to align 

collaboration norms, embed a two-way dialogue, and safeguard fair benefit-sharing between 

scientists and community representatives. Here, we outline participatory principles throughout the 

biodiversity genomics project lifecycle from a European perspective, from early sampling design to 

data interpretation, dissemination, and subsequent policy dialogue. Based on this we develop an 

engagement framework, adoption of which will strengthen data interpretability, elevate scientific and 

social legitimacy, while empowering communities to co-design management strategies grounded in 

both contemporary genomics and generational lived experience. By synthesising engagement 

drivers, pinpointing obstacles, and distilling lessons from a practical example, we present a five-step 

framework adaptable to varied cultural and ecological settings. We call on researchers, funders, and 

community leaders to take up and refine this framework, ensuring local voices shape and benefit 

from the accumulating genomic knowledge that will direct future conservation actions. 
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Introduction 

Bringing together diverse knowledge holders is increasingly recognised as an ethical responsibility 

and practical necessity to increase the scope and societal relevance of science (Norström et al., 

2020; O’Brien et al., 2025). The rationale for engaging Local Communities as knowledge holders 

with important contextual expertise comes from evidence that participatory models enhance 

research legitimacy and outcomes (Satterthwaite et al., 2024; Snapp et al., 2023; Tengö et al., 2017; 

Wedemeyer-Strombel et al., 2019). Such Local Communities traditionally interact and/or work with 

and/or live in close association with nature, often maintaining intergenerational connections to a 

place. Examples could comprise members of fishing, farming, or forestry communities, as well as 

nature appreciation groups such as hiking, hunting, or bird-watching associations. Others might be 

less formally organised, connected through the value they hold of a locality such as residents of the 

neighbourhood surrounding a city park. As a result of their relationships with natural environments, 

Local Communities accumulate Local Ecological Knowledge (LEK) that is extremely valuable for 

interpreting species ecology and ecosystem change (Charnley et al., 2007; Emard et al., 2024). Yet, 

knowledge co-production remains patchy and rare, and many researchers still approach Local 

Communities as peripheral participants rather than co‑creators, citing limited time, lack of training, 

or inadequate institutional incentives as constraints (Käyhkö et al., 2025).  

 

This disconnect may be exaggerated when technologies used by scientists are complex, rapidly 

advancing, and not well-understood beyond the research environment, a prime example being 

applications of genomic sequencing in biodiversity research (for a glossary of terms please see the 

Supplementary Materials). These technologies are increasingly important given how the use of 

genomic data is transforming understanding of genetic variation in natural populations (Allendorf et 

al., 2010). DNA sequencing allows scientists to scan thousands to millions of single-nucleotide 

polymorphisms (SNPs) and other variants across an organism’s entire genome, thereby revealing a 

detailed portrait of population history and dynamics (Supple and Shapiro, 2018). Long-read 

technologies facilitate the production of complete, high-quality genome assemblies (Li and Durbin, 

2024), which are increasingly available through initiatives such as the European Reference Genome 

Atlas (ERGA) (Mazzoni et al., 2023) and the Earth BioGenome Project (EBP) (Blaxter et al., 2025). 

Genomics-enabled research projects typically follow a series of steps, from sample collection to DNA 

extraction and sequencing followed by bioinformatic processing and downstream analyses (Figure 

1). Genome-wide analyses can measure genetic diversity, population structure, and gene flow, and 

can detect inbreeding, genomic erosion, and signals of local adaptation (Shafer et al., 2015; Supple 

and Shapiro, 2018; van Oosterhout et al., 2025). The metrics can inform management actions across 

recurrent application domains: (i) delineating conservation and management units to prioritise 

lineages for protection, e.g. (Funk et al., 2012; Waples and Lindley, 2018); (ii) assessing climate-

related adaptive potential and resilience, e.g. (Razgour et al., 2019); (iii) guiding sustainable use and 

restoration, e.g. (Andersson et al., 2024; Bernatchez et al., 2017); and (iv) biosecurity and invasive 
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species control through tracing sources and spread, e.g. (McGaughran et al., 2024; Sherpa and 

Després, 2021). Genomics-based evidence can therefore inform biodiversity management by 

revealing resilience patterns that guide intervention strategies, for example, showing whether a 

threatened population harbours sufficient genetic variation, or identifying lineages that merit special 

protection.  

 

For Local Communities with cultural, livelihood, or place-based connections to the study species and 

the ecosystems they inhabit, genomics therefore offers a powerful ally, adding a layer of DNA-based 

evidence that complements long-held LEK. Yet, meaningful community participation in genomics-

based projects, from sample collection to data interpretation, has remained limited. Community 

partners are too often relegated to providing specimens for sequencing or excluded entirely, while 

the added value their LEK can offer in contextualising and interpreting genetic patterns and informing 

local policy is frequently overlooked (Albuquerque et al., 2019). When researchers embrace insights 

and knowledge from Local Communities, LEK can guide sampling strategies, (meta)data collections, 

frame research questions, and facilitate the translation of genomic findings into actionable and 

impactful measures (Sheppard et al., 2024). In this context, we examine engagement motivations 

and mechanisms for weaving place-based knowledge held by Local Communities into biodiversity 

genomics research in Europe. We use “Local Communities” to refer to groups of people who live in, 

work with, and care for specific localities, maintaining cultural, economic, and ecological ties to a 

place. For instance, for research associated with the European Union (EU) Mission “Restore our 

Ocean and Waters by 2030” (European Commission, 2025a), communities with ties to the oceans, 

seas, and freshwater courses and bodies are actively engaged through participatory approaches as 

knowledge partners essential to achieving transformative change. We distinguish Local 

Communities from Indigenous Peoples, whose status as rights-holders is recognised under 

international law (United Nations, 2007), noting that Europe’s Indigenous Peoples include the Sámi 

of the Sápmi region and the Inuit of Kalaallit Nunaat. This distinction avoids conflation that can 

obscure rights and ensures that place-based communities across Europe are not sidelined. 

Following critiques that the generic term “stakeholder” can mask positional asymmetries and 

reproduce exclusionary narratives, we avoid that label here and focus instead on Local Communities 

as knowledge holders and partners in participatory research (Reed, 2008). Our assessment starts 

by summarising the types of biodiversity genomics research that can benefit from working with Local 

Communities, leading to the proposal of a five-step framework to help researchers engage effectively 

with Local Communities. As community involvement in science grows, such engagement guidance 

is becoming indispensable (Grill, 2021; Taylor et al., 2017), as is the need to partner with social-

science experts (Bennett et al., 2017). Rooted in ethical principles, the proposed framework seeks 

to strengthen Europe’s biocultural heritage while enhancing the scientific rigour and societal 
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relevance of biodiversity genomics through capacity building, equitable benefit-sharing, and long-

term partnerships.  

 

 

Key motivations for engaging Local Communities in biodiversity genomics 

 

Preservation of biodiversity 

According to the Convention on Biological Diversity (CBD), and explicitly in the Kunming–Montreal 

Global Biodiversity Framework, safeguarding biodiversity requires maintaining not only species and 

ecosystem diversity, but also the genetic variation underpinning resilience to environmental change 

(CBD COP-15 Decision 15/4, 2022; United Nations, 1992). Genome-wide genomic data allow us to 

go beyond previous approaches, enabling identification of cryptic lineages, estimation of inbreeding 

and effective population size, pinpointing adaptive SNPs, or guiding targeted conservation actions 

(Buzan et al., 2025; Hogg, 2024). Despite the large amount of information that can be derived from 

the DNA of a single individual, LEK uniquely provides the essential complementary details about 

habitat history, including traditional land use, and demographic fluctuations (Colloca et al., 2020; 

Huntington, 2000). When genomic data are integrated with LEK, managers can prioritise genetically 

distinct populations, design ecological corridors that respect cultural landscapes, and co-develop 

locally legitimate restoration actions. Moreover, shared interpretation, where scientists present 

variant maps alongside LEK, can democratise decision‑making and embed conservation goals in 

place‑based narratives, increasing the probability of success (Rayne et al., 2022). 

 

Natural resource management 

While conservation emphasises protection, natural resource management focuses on the 

sustainable use of species and habitats for economic or cultural benefit (Fromentin et al., 2022; 

Obura et al., 2023). Genomic studies can uncover hidden genetic structure in livestock and wild 

species, diagnose genetic bottlenecks, and quantify demographic impacts of harvesting or habitat 

alteration (Hohenlohe et al., 2021). Partnerships with Local Communities supply knowledge about, 

among others, the seasonality and migration routes of species, and practices that shape exploitation 

patterns. Tensions emerge when conservation targets appear to threaten traditions or livelihoods. 

For example, across Europe, the recovery of grey wolves reignited conflicts with farmers who may 

bear the costs of predation or protecting their flocks. Genomic analyses allow researchers to identify 

gene‑flow corridors, enabling managers to deploy targeted deterrents in high‑risk zones for 

coexistence, while maintaining viable predator populations (Laikre et al., 2016). Transparent, 

inclusive decision‑making that recognises LEK can reduce such tensions and produce more durable 

outcomes (Hansen et al., 2022). Co‑designing monitoring protocols can improve trust and 

compliance with mitigation measures, developing among farmers and decision makers a sense of 
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ownership and support for the process (EU Large Carnivore Platform, 2025; Ostermann‑Miyashita 

et al., 2025; Salvatori et al., 2023, 2021). 

 

Disease prevention 

Pathogen outbreaks can disrupt conservation efforts and destabilise local economies. Hence, 

disease surveillance is a natural meeting ground for genomics and LEK. The One Health framework, 

linking environmental, animal, and human well-being (OHHLEP et al., 2022), places communities on 

the front line of early detection and control. For example, sequencing allows researchers to 

characterise pathogens in situ (Gardy and Loman, 2018; Latorre-Pérez et al., 2020; Quick et al., 

2016), reconstruct transmission routes and introduction events (Gutiérrez-López et al., 2025), and 

flag genotypes associated with susceptibility or resistance (Lundregan et al., 2020). A European 

wildlife example comes from African swine fever virus (ASFV) in wild boar, where hunters’ 

associations, farmers, and local forest services co-designed surveillance measures. Whole-genome 

sequencing of ASFV then traced introduction pathways and transmission chains. Combined with 

place-based knowledge of boar movements and habitat use, this enabled authorities to delineate 

control zones, prioritise carcass-removal corridors, and adjust fencing to limit spread (Garigliany et 

al., 2019; Gilliaux et al., 2019; Sauter-Louis et al., 2021). Because the same community members 

who discovered carcasses also helped interpret genomic results, trust and adherence to biosecurity 

measures improved and compliance with access restrictions increased. Participatory evaluations 

with hunters and farming cooperatives further indicate that engaging their networks strengthens 

understanding and willingness to support DNA-based surveillance and biosecurity (Stončiūtė et al., 

2022; Urner et al., 2021). 

 

Alien species management 

Invasive alien species (IAS) remain one of the foremost pressures on global biodiversity (Roy et al., 

2024b). Agriculture and public health suffers when invaders are pathogen vectors, and accelerated 

climate change is shifting range boundaries so rapidly that native–non-native interactions are being 

redefined within a single generation (Diagne et al., 2021; Roy et al., 2024a). Metagenomics provides 

solid evidence for the introduction of a new alien species. Subsequently, genomics-based 

population-wide SNPs reveal the number and origin of introduction events, while scanning for outliers 

exposes alleles that may confer invasion-facilitating traits (Lawson Handley et al., 2011; Rius et al., 

2015). Yet molecular insights can only reach their full potential when paired with input from 

communities who know the habitat or ecosystem intimately. Coastal fishers in the western 

Mediterranean, for instance, logged the first sightings of lionfish, enabling researchers to combine 

photographs and mitochondrial haplotypes to demonstrate a single Suez Canal entry point and 

design targeted removal dives before populations established (Côté and Smith, 2018). Likewise, 

farmers in Central Europe have used a smartphone application to map the spread of the Ambrosia 

artemisiifolia weed, supplying real-time distribution data that guides genomic surveys of resistance 
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alleles (Dirr et al., 2023; Loubet et al., 2021). Co-production ensures that control methods respect 

local cultural values while remaining scientifically reliable. A combination of high-resolution SNPs 

and local observations can turn IAS management into a proactive, community-endorsed safeguard 

for ecosystem integrity. 

 

Policy contribution 

When genome-wide evidence is examined alongside Local Community knowledge, policy becomes 

clearer and more defensible. For example, along Norwegian and Icelandic coasts, fishers have long 

distinguished stationary “coastal” cod from migratory “skrei”. Population genomics later revealed 

large chromosomal inversions and ecotype-linked divergence, supporting the treatment of multiple 

management units (Berg et al., 2016; Kirubakaran et al., 2016). Co-developed real-time genetic 

stock identification now limits bycatch of depleted Norwegian coastal cod while allowing sustainable 

harvesting of Northeast Arctic cod, a tool implemented with active input from local fishing 

organisations (Johansen et al., 2018). Operational follow-ups demonstrated how “real-time” genetics 

can guide area openings/closures and quota decisions in mixed-stock fisheries. A complementary 

European case reflects observations from fishing communities that greater argentine (greater silver 

smelt) caught in different areas differ in their traits; low-density SNP surveys have since uncovered 

population structure and recommended revising the International Council for the Exploration of the 

Sea (ICES) stock boundaries, providing a clearer mandate for place-sensitive science based 

regulation (Quintela et al., 2024). Future genome-wide SNP analyses may resolve additional fine-

scale population structures in the species. If confirmed, this could warrant revisiting ICES stock 

boundaries and quotas, and would need to be implemented through participatory transitions with 

fishing organisations so that new biological insights do not destabilise existing relationships among 

fleets, ports, and markets. 

 

 

Weaving Local Community knowledge into biodiversity genomics research: a five-step 

framework 

 

Biodiversity genomics research can be transformed into a richer and more equitable discipline when 

LEK is integrated. When researchers ground their work on principles of inclusion, cultural humility, 

and reciprocal learning, community members move from bystanders to genuine collaborators. From 

the first outlines of study designs to the final exploitation and dissemination of results, researchers 

should integrate recognition, respect, and trust into every step. Meaningful collaboration also 

demands inclusive management: community members should be involved in decision-making, 

allowing for reflection and a diversity of perspectives. Fair benefit sharing, whether financial, 

educational, cultural, informational, or infrastructural, should be agreed upon at the co-design stage 

and re-evaluated during the project lifetime, alongside ethical protections for data privacy and 
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sovereignty. Two-way expertise exchange between researchers and communities further 

strengthens local capacity, and what starts as a short-term project could develop into a lasting 

partnership. Clear explanations of how data will be collected and used, how findings might shape 

policy and management, and how community contributions will be acknowledged help maintain 

confidence in the research process, preventing the perception of “helicopter science” and “parachute 

science” (De Vos and Schwartz, 2022). To help translate these principles into practice, the following 

five-step framework offers a guide for biodiversity genomics research projects (Figure 2). Each step 

can be adapted to the questions of a given study, reflecting different species, ecology, cultural 

settings, and logistical and economic constraints, while maintaining the overarching goal of research 

that advances science and community well-being in tandem.  

 

Step 1: Identify the community and build relationships early 

Successful engagement follows two entry paths. In the ideal Plan A (community-led), researchers 

approach a Local Community first to ask what research questions and outcomes they wish to pursue 

and agendas, methods, and benefits are co-defined from the outset. Where this is not feasible given 

mandates, expertise, or timelines, Plan B (researcher-led with early collaboration) begins with the 

research team’s focal question. Researchers identify community collaborators whose place-based 

knowledge intersects with the species, habitats, or decisions at stake, and invite them into the 

discussion as early as possible to test relevance, adapt aims, and share roles (Michener et al., 2012). 

Examples include fishers’ cooperatives and river associations, farmer and pastoral collectives and 

foresters, hunting clubs, wildlife-rehabilitation networks, invasive-species watch networks, coastal or 

urban-park neighbourhood associations, as well as conservation volunteers and land stewards for 

protected areas. While this guide sets out practical steps for Plan B, it is designed to build toward 

Plan A as trust and capacity grow, enabling future work to be co-led or community-led. Early 

establishment of links with community representatives via relevant local structures such as municipal 

offices/town halls, local non-governmental organisations (NGOs), schools, special-interest or user 

groups, and, where feasible, appointing community co-researchers, grounds the questions in locally 

defined needs and signals a commitment to shared responsibility (European Commission, 2025b; 

Gold, 2022; Reed, 2008; Shirk et al., 2012). Where culturally appropriate and consistent with 

institutional and funder policies, researchers should inform early that Local Community contributions 

will be recognised and, where desired, compensated. The specific arrangements, such as 

remuneration, reimbursement of direct costs, or in-kind alternatives, should be co-designed with 

collaborators in Step 3. Genuine relationship building, however, hinges on understanding context. 

Prior training, ideally collaborating with social scientists, on participatory methodologies may be 

required, to be able to ensure neutrality, minimise possible ethical, economic and political impact of 

research methods on different parts of the community, and/or anticipate privacy, communication 

needs and capabilities (language, level of technological literacy, etc.). Spending time on site, 

attending community gatherings, and talking with cultural brokers will reveal everyday customs, 
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personal dynamics, expectations, and the community’s past experiences with researchers (Fortuna, 

2019). An open dialogue will then help teams keep collaborations respectful and responsive as 

values and circumstances evolve (Ansell and Gash, 2008). From the outset, the project will treat 

LEK as a line of evidence in its own right, recorded in decision logs alongside genomic and ecological 

data. 

 

Step 2: Value, learn, and respect community etiquette, local context, and knowledge. 

Once an initial mutual understanding has been secured, researchers should cultivate a setting in 

which information flows in both directions. Brief, regular updates on objectives, timelines, and 

anticipated outcomes allow partners to monitor progress and raise concerns in real time. Co-design 

workshops can be used to refine questions and methods so that LEK stands alongside scientific 

expertise rather than being treated as an anecdotal add-on (Reed, 2008; Shirk et al., 2012). These 

can be used to specify how LEK contributions are cited, versioned, and, where needed, embargoed, 

so knowledge remains visible without being subsumed. Equally important is recognising boundaries. 

Some LEK will not be shared, and some may be shared only on the condition that it is not made 

public. Treat consent as an ongoing process rather than a one-off form. To support two-way capacity-

building, provide primers in locally preferred formats and languages such as glossaries, visual 

walkthroughs of sampling and analysis, LEK protocol notes, so researchers and community 

collaborators can navigate each other’s methods. Offer granular consent for different uses (e.g., 

internal interpretation vs. public dissemination), document “do-not-share” elements, and agree how 

sensitive content will be handled (e.g., aggregation, generalisation, delayed release) (ALLEA, 2023; 

ESRC, 2025; EU, 2016). In biodiversity contexts, adopt an explicit “sensitivity” protocol for place-

based knowledge whose disclosure could cause harm, drawing on best practice in sensitive-species 

data governance (Chapman, 2020; SRA, 2021). Because many European researchers have 

personal ties to the places where they work, positionality dynamics must be made explicit. Disclose 

local affiliation, avoid implicit pressure to participate, create routes for confidential feedback, and, 

where dual roles risk inappropriate influence, consider an independent facilitator for consultations. 

Reflexive practice (e.g., positionality statements, field notes, team debriefs) helps surface 

assumptions and supports ethical judgement in situ (ALLEA, 2023; Dirr et al., 2023; ESRC, 2025). 

Finally, codify these arrangements in the project’s data management and engagement plans, with 

clear points of contact, languages to be used, meeting calendars, and agreed channels for sharing 

interim and final results. This anchors reciprocity and transparency, reinforces trust, and, consistent 

with the chosen entry path, either enables immediate co-design (Plan A) or lays the groundwork for 

proportionate co-creation in step 3 (Plan B), with roles and scope aligned to community interest and 

capacity (Israel et al., 1998; Shirk et al., 2012; Wallerstein and Duran, 2010). 
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Step 3: Co-create the research process by sharing authority and roles 

Once a relationship is established, the research team should invite community collaborators to act 

as co-creators (Plan A) or proportionate collaborators (Plan B) rather than passive informants or 

sample collectors. Jointly refining aims and methods with those who live with the outcomes, in Plan 

A, co-designing from the outset. In Plan B, making targeted adjustments to align the study with local 

context and priorities lays firm foundations for equitable and impactful science (Michener et al., 

2012). Genuine participation, situated near the summit of Arnstein’s ladder of citizen power (Arnstein, 

1969), can include jointly framing questions, recruiting and training local residents as ‘citizen 

scientists’, and agreeing on an opt-in spectrum of roles such as advisor, co-researcher, co-lead, so 

no one is pressured beyond their comfort or capacity. Creating clear avenues for community input 

and, where appropriate, shared oversight of research protocols, data stewardship, and benefit-

sharing further reaffirms relationships. Plan B may involve local collaborators assisting with sampling 

design/implementation or interpreting the results side-by-side with researchers, helping uncover 

ecological patterns scientists could overlook and affirming LEK as part of the evidence base. Some 

collaborators may value recognition, purpose, or new skills over remuneration. Where grants are 

proposed, the budget should have a meaningful share of community priorities where feasible 

(stipends or honoraria when desired, equipment, training, materials, and operational costs). The 

research team should be trained on unconscious bias as well as equality, diversity, and inclusion 

considerations throughout the research process. Role-specific training commitments, for community 

collaborators (e.g., sampling, data walkthroughs) and for researchers (e.g., facilitation, LEK 

protocols), should be agreed proportionate to Plan A or Plan B. This will empower them to detect 

interaction imbalances and adapt participatory strategies accordingly. Decisions about sampling, 

data ownership, and dissemination should be informed by community input and, where feasible, 

taken collaboratively so that the work remains focused on local priorities and increases the likelihood 

that findings are embraced and sustained by the community. 

 

Step 4: Ensure mutual benefit and transparency 

Research partnerships succeed when communities can draw a clear line from their contributions to 

tangible returns knowing that not all research yields immediate or material outcomes. Researchers 

therefore have a responsibility to set realistic expectations, stating clearly what the project can and 

cannot deliver. They should also state the uncertainties and timelines involved, and that plans may 

change. Enduring trust-based relationships and mutual learning are meaningful outcomes and 

indicators of success. Accordingly, teams should agree on terms that specify a data management 

plan, sharing of protocols, intellectual-property rights, and details on if, when, and how benefits will 

flow back to the Local Community. Create a simple benefit register that lists community-defined 

benefits, the evidence that will demonstrate delivery, timelines, and responsible roles and review it 

at agreed intervals. Such benefits may range from capacity-building workshops, co-authorship, and 

acknowledgement, to grant funding budgeted for community priorities, infrastructure support, and 



 

11 

informational/cultural outputs (e.g., plain-language summaries, public talks, school activities, posters 

in local venues) (Gold, 2022; Kegamba et al., 2022). At the same time, researchers should be clear 

that ecological benefits are often a long-term outcome and may not be immediately visible, so 

transparency about timelines and limits of impact is essential. To maintain trust, agree on 

communication routines and document where data go and why, and create public-facing data-

management notes to build understanding and confidence (Thuermer et al., 2023; Wilkinson et al., 

2016). As projects evolve, involve community representatives in adjustments rather than making 

unilateral changes, and include a straightforward dispute-resolution clause (who decides what, how 

to escalate, and when to review) so disagreements can be handled respectfully and in line with the 

community’s agreed governance terms (MacQueen et al., 2015; Wallerstein and Duran, 2010). 

Partnerships become more ethical and resilient when transparent processes are implemented, 

increasing the likelihood that findings will be accepted and translated into lasting benefits for the 

Local Community (Michener et al., 2012). 

 

Step 5: Plan for long-term engagement and knowledge transfer 

Engagement of Local Communities should persist beyond the scientific publication of research 

results. At the project start, map who needs what after the project wrap-up (e.g., municipal officers, 

cooperatives, schools, NGOs) and co-plan dissemination and uptake pathways, what products will 

be delivered, in which languages/formats, by whom, and on what timeline (European Commission, 

2025b; Michener et al., 2012). Practical outputs include simplified summaries, one-page policy briefs, 

and community talks or school activities, all designed using behavioural-insight tips so they are short, 

actionable, and audience-specific (Nagyova and Michie, 2023). To make results easy to find and 

reuse, deposit sequence data and metadata in verified repositories and publish data/analysis code 

with persistent identifiers, open licenses, and clear documentation that meets findability, 

accessibility, interoperability, and reusability (FAIR) guiding principles (Wilkinson et al., 2016). For 

local use, provide downloadable data collections, a simple online public dashboard or webpage, and 

contact points for follow-up. Importantly, plan a handover by identifying a local steward (e.g., town 

office/NGO) and budget a brief “train-the-trainer” so tools can be maintained without an external 

team (Gold, 2022). Next, schedule post-project follow-ups (e.g., after 6 and 12 months) to review 

uptake and adjust materials using straightforward indicators (reach, reuse, decisions influenced) 

aligned with EU knowledge-valorisation guidance (European Commission, 2025b). Finally, 

recognise contributions visibly, co-authorship when warranted, public acknowledgements, 

certificates, or hosting results events in community venues, so benefits remain tangible. Using this 

approach increases the likelihood that genomics-based insights will be implemented rather than 

simply published, and reinforces the legacy of the project outcomes (Gudek et al., 2025). 
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European whitefish: An example of the five-step framework in action 

To demonstrate the practical applicability of the proposed five-step framework, we include a real-

world application involving the European whitefish (Coregonus lavaretus) population in Lake Leman 

(also known as Lake Geneva) (Figure 3). This use-case, detailed in the Supplementary Materials, 

illustrates how the framework can be effectively applied to address ecological challenges, particularly 

when different Local Communities and countries are involved. The successful rehabilitation of the 

European whitefish, known locally as the Corégone or the Féra du Léman, in this lake is a testament 

to the value of active involvement and sustained engagement with Local Communities to achieve 

long-term positive ecological outcomes. 

 

 

Discussion 

 

Community scientists, academic researchers, and public-sector decision-makers should converge 

on a common standard for ethically rooted knowledge-sharing engagement, which will substantially 

enhance the credibility, inclusivity, and real-world impact of European biodiversity genomics. The 

path toward a widely embraced framework must consider three principal axes: i) ethics-grounded 

participation that recognises LEK as legitimate evidence, ii) two-way capacity-building infrastructure 

that equips community members to understand the science and supports researchers to navigate 

community engagement and knowledge co-production methods, and iii) evidence-driven reciprocity 

that ties research outputs to tangible, transparent, and community-defined benefits. Practical next 

steps include embedding location-based expertise in sampling design, hypothesis formulation, and 

data interpretation, as well as institutionalising transparent benefit-sharing protocols that recognise 

and reward contributors through acknowledgement and co-authorship, targeted training, and 

measures and activities that promote sustainable local engagement. We extend general guidance 

on participation and communication (Gold, 2022) to the genomics research domain by specifying 

sample and data governance, FAIR-aligned sharing of metadata, workflows, and code, and locally 

meaningful dissemination so that sequencing results and interpretation are usable by non-

specialists. In conservation contexts, partnering with social-science expertise, where appropriate, 

supports co-designed, context-appropriate measures and transparent evaluation of uptake and 

equity impacts (Bennett et al., 2017), an emphasis our five-step framework makes explicit. As set 

out above, the steps we propose, spanning early partner identification to post-project knowledge 

transfer, embrace open science practices, confer methodological robustness and social legitimacy, 

thereby elevating the scientific impact and civic trust associated with genomics research.  

 

Our five steps operationalise the core principles in established guidance. Norström et al.’s four 

principles for high-quality knowledge co-production: being context-based, pluralistic, goal-oriented, 

and interactive (Norström et al., 2020), map onto Steps 1–5 (context scanning, plural knowledge, 
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shared goals, iterative dialogue). The Multiple Evidence Base (MEB) approach (Tengö et al., 2017) 

clarifies how to mobilise, translate, negotiate, synthesise, and apply diverse knowledge types without 

subsuming LEK into science. The proposed framework inserts these tasks at explicit project 

checkpoints. Finally, the International Association for Public Participation (IAP2) Spectrum: inform + 

consult + involve + collaborate + empower, and Community-based Participatory Research (CBPR) 

traditions e.g. (Israel et al., 1998) underpin our gradient of roles and shared authority. Together, 

these anchors position the framework as a practical bridge between theory and day-to-day practice. 

 

The framework allows for decisions that are defensible in both peer-reviewed journals and 

community decision-making contexts. A co-owned approach can lead to adaptive management that 

keeps pace with environmental change while respecting cultural identity, provided it is sustained by 

long-term relationships, resourcing, and shared governance beyond a single project (Armitage et al., 

2009; Wallerstein and Duran, 2010). However, widespread uptake remains constrained by 

compressed funding timelines, limited interdisciplinary training opportunities, and academic reward 

structures that still privilege rapid publication over relationship building. These issues are substantive 

and should be addressed systematically. However, they need not stall progress. In the meantime, 

teams can take proportionate steps that improve outcomes now: set conservative promises and 

communicate uncertainties; pilot co-design on a limited set of decisions with Local Community 

collaborators; set aside small budgets for recognition or training; treat consent and positionality as 

living artefacts; and share plain-language summaries, data, and code so results will travel. Even 

partial adoption of these practices can increase the legitimacy, equity, and durability of decisions, 

delivering better outcomes while building the relationships and evidence base needed for full 

implementation over time. Methodologically, working across knowledge systems still requires careful 

design choices: when to keep evidence side-by-side within their own validation logics (per the MEB 

approach), when to negotiate linkages across them, and how to avoid assimilationist framings. 

Structured reflexivity tools for interdisciplinary teams can help. On impact, evidence syntheses in 

adjacent fields show positive signals but also uneven evaluation and non-trivial transaction costs, 

the ‘dark sides’ of co-production, underscoring, as noted above, the case for proportionate, pre-

agreed metrics and evaluation of both scientific and community outcomes. Rather than a grand 

redesign, the invitation is practical: start where you are, use the five-step framework to structure 

proportionate collaboration, and share what you learn. Small, transparent moves, early 

conversations with Local Communities, modest co-design on decisions that matter locally, and plain-

language products, compound into better science and fairer outcomes. As more teams adapt and 

report on these steps, a community of practice can grow around comparable methods and lessons, 

reducing uncertainty for newcomers and raising the standard for everyone. We encourage 

researchers, community collaborators, and funders to join this effort by trialling the framework, 

documenting successes and challenges, and contributing case studies so that biodiversity genomics 

in Europe advances with, and is accountable to, the places it serves. 
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Figures and Figure Legends 

 

 

 

Figure 1.  Key steps and outcomes comprising a typical biodiversity genomics research project. In 

the lifecycle of a biodiversity genomics research project, samples such as tissue, blood, hair, saliva, 

feces, or scats are collected and processed through DNA extractions and library generation in the 

laboratory. Subsequently, next-generation sequencing machines are able to deliver millions of DNA 

fragments (reads), and bioinformatic pipelines can then process these reads into genome 

assemblies or population genomic datasets for downstream analyses. Depending on the question – 

species delimitation, signatures of adaptation, estimates of inbreeding, etc. – different genome-wide 

analyses can then be applied, the results of which can then be used as a source of evidence for 

informing policy and species/habitat management decisions. Importantly, genomic data allows 

reanalyses for new questions in the future provided associated metadata is readily available 

(Forsdick et al., 2025). 
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Figure 2. Summary of the five proposed steps for weaving Local Community knowledge into 

biodiversity genomics research. Local partnerships should be established before the project starts, 

and engagement should continue after publication of scientific results. This framework spans the full 

research cycle: (1) identifying the community and building partnerships early, either approaching 

local communities first to ask what research questions and outcomes they wish to pursue or bringing 

the research team’s question to the local community early to discuss context, test relevance, adapt 

aims, and share roles; (2) learning and respecting community etiquette and context to cultivate a 

setting in which information flows in both directions; (3) co-creating the research process, which can 

include jointly framing questions, recruiting and training local residents as ‘citizen scientists’, and 

agreeing on an opt-in spectrum of roles such as advisor, co-researcher, co-lead, so no one is 

pressured beyond their comfort or capacity; (4) ensuring mutual benefit and transparency, e.g. by 

agreeing at the outset on terms that specify a data management plan, sharing of protocols, 

intellectual-property rights, and details on if, when, and how benefits will flow back to the Local 

Community; and (5) planning for long-term engagement and knowledge transfer can involve 

mapping who needs what after the project wrap-up and co-planning dissemination and uptake 

pathways, such as what products will be delivered, in which languages/formats, by whom, and on 

what timeline.  

 

 

 

Figure 3. Summary of the five proposed steps for a real-world application involving the European 

whitefish (Coregonus lavaretus) in Lake Leman. Following the collapse of populations in the 1980s, 

(1) community building through the Pacage Lacustre programme united diverse stakeholders, (2) 

new dialogues were established via the Franco–Swiss Fishery Commission with input from local 

fishers, (3) conservation practices were co-developed and implemented by fishers and scientists, (4) 

mutual benefits were ensured through equal voting rights, open data sharing, and transparent 
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legislation, and (5) outcomes extended beyond fisheries, with the recovery becoming part of local 

cultural heritage and shared in museum exhibitions. 

 

 

References 

 
Albuquerque, U.P., Nascimento, A.L.B.D., Chaves, L.D.S., Feitosa, I.S., Moura, J.M.B.D., 

Gonçalves, P.H.S., Silva, R.H.D., Silva, T.C.D., Ferreira Júnior, W.S., Araújo, E.D.L., 2019. 
How to partner with people in ecological research: Challenges and prospects. Perspectives 
in Ecology and Conservation 17, 193–200. https://doi.org/10.1016/j.pecon.2019.11.004  

ALLEA, 2023. The European code of conduct for research integrity. ALLEA - All European 
Academies, DE.  

Allendorf, F.W., Hohenlohe, P.A., Luikart, G., 2010. Genomics and the future of conservation 
genetics. Nat Rev Genet 11, 697–709. https://doi.org/10.1038/nrg2844  

Andersson, L., Bekkevold, D., Berg, F., Farrell, E.D., Felkel, S., Ferreira, M.S., Fuentes-Pardo, 
A.P., Goodall, J., Pettersson, M., 2024. How fish population genomics can promote 
sustainable fisheries: A road map. Annu. Rev. Anim. Biosci. 12, 1–20. 
https://doi.org/10.1146/annurev-animal-021122-102933  

Ansell, C., Gash, A., 2008. Collaborative governance in theory and practice. Journal of Public 
Administration Research and Theory 18, 543–571. https://doi.org/10.1093/jopart/mum032  

Armitage, D.R., Plummer, R., Berkes, F., Arthur, R.I., Charles, A.T., Davidson-Hunt, I.J., Diduck, 
A.P., Doubleday, N.C., Johnson, D.S., Marschke, M., McConney, P., Pinkerton, E.W., 
Wollenberg, E.K., 2009. Adaptive co‑management for social–ecological complexity. 
Frontiers in Ecol & Environ 7, 95–102. https://doi.org/10.1890/070089  

Arnstein, S.R., 1969. A ladder of citizen participation. Journal of the American Institute of Planners 
35, 216–224. https://doi.org/10.1080/01944366908977225  

Bennett, N.J., Roth, R., Klain, S.C., Chan, K.M.A., Clark, D.A., Cullman, G., Epstein, G., Nelson, 
M.P., Stedman, R., Teel, T.L., Thomas, R.E.W., Wyborn, C., Curran, D., Greenberg, A., 
Sandlos, J., Veríssimo, D., 2017. Mainstreaming the social sciences in conservation. 
Conservation Biology 31, 56–66. https://doi.org/10.1111/cobi.12788  

Berg, P.R., Star, B., Pampoulie, C., Sodeland, M., Barth, J.M.I., Knutsen, H., Jakobsen, K.S., 
Jentoft, S., 2016. Three chromosomal rearrangements promote genomic divergence 
between migratory and stationary ecotypes of Atlantic cod. Sci Rep 6, 23246. 
https://doi.org/10.1038/srep23246  

Bernatchez, L., Wellenreuther, M., Araneda, C., Ashton, D.T., Barth, J.M.I., Beacham, T.D., Maes, 
G.E., Martinsohn, J.T., Miller, K.M., Naish, K.A., Ovenden, J.R., Primmer, C.R., Young Suk, 
H., Therkildsen, N.O., Withler, R.E., 2017. Harnessing the power of genomics to secure the 
future of seafood. Trends in Ecology & Evolution 32, 665–680. 
https://doi.org/10.1016/j.tree.2017.06.010  

Blaxter, M., Lewin, H.A., DiPalma, F., Challis, R., Da Silva, M., Durbin, R., Formenti, G., Franz, N., 
Guigo, R., Harrison, P.W., Hiller, M., Hoff, K.J., Howe, K., Jarvis, E.D., Lawniczak, M.K.N., 
Lindblad-Toh, K., Mathews, D.J.H., Martin, F.J., Mazzoni, C.J., McCartney, A.M., Mulder, 
N., Paez, S., Pruitt, K.D., Ras, V., Ryder, O.A., Shirley, L., Thibaud-Nissen, F., Warnow, T., 
Waterhouse, R.M., the EBP Community of Scientists, 2025. The Earth BioGenome Project 
Phase II: illuminating the eukaryotic tree of life. Front Sci 3, 1514835. 
https://doi.org/10.3389/fsci.2025.1514835  

Buzan, E., De Guttry, C., Bortoluzzi, C., Street, N.R., Lucek, K., Rosling, A., Ometto, L., Mouton, 
A., Marins, L.S., Ruiz‑López, M.J., Melo‑Ferreira, J., Ottosson, E., Mazzoni, C.J., 
Waterhouse, R.M., 2025. Biodiversity genomics research practices require harmonising to 
meet stakeholder needs in conservation. Molecular Ecology e70001. 
https://doi.org/10.1111/mec.70001  

CBD COP-15 Decision 15/4, 2022. Kunming-Montreal Global Biodiversity Framework (Decision 
No. 15/4). Convention on Biological Diversity.  



 

18 

Chapman, A., 2020. Current best practices for generalizing sensitive species occurrence data. 
GBIF the Global Biodiversity Information Facility. https://doi.org/10.15468/DOC-5JP4-5G10  

Charnley, S., Fischer, A.P., Jones, E.T., 2007. Integrating traditional and local ecological 
knowledge into forest biodiversity conservation in the Pacific Northwest. Forest Ecology 
and Management, Biodiversity Management in Pacific Northwest Forests: Strategies and 
Opportunities. 246, 14–28. https://doi.org/10.1016/j.foreco.2007.03.047  

Colloca, F., Carrozzi, V., Simonetti, A., Di Lorenzo, M., 2020. Using local ecological knowledge of 
fishers to reconstruct abundance trends of elasmobranch populations in the Strait of Sicily. 
Front. Mar. Sci. 7, 508. https://doi.org/10.3389/fmars.2020.00508  

Côté, I.M., Smith, N.S., 2018. The lionfish Pterois sp. invasion: Has the worst‑case scenario come 
to pass? Journal of Fish Biology 92, 660–689. https://doi.org/10.1111/jfb.13544  

De Vos, A., Schwartz, M.W., 2022. Confronting parachute science in conservation. Conservat Sci 
and Prac 4, e12681. https://doi.org/10.1111/csp2.12681  

Diagne, C., Leroy, B., Vaissière, A.-C., Gozlan, R.E., Roiz, D., Jarić, I., Salles, J.-M., Bradshaw, 
C.J.A., Courchamp, F., 2021. High and rising economic costs of biological invasions 
worldwide. Nature 592, 571–576. https://doi.org/10.1038/s41586-021-03405-6  

Dirr, L., Bouchal, J.M., Bastl, K., Bastl, M., Berger, U.E., Grímsson, F., 2023. 5 years ragweed 
finder: From the idea to the official reporting tool of Ambrosia artemisiifolia, in: Proceedings 
of Austrian Citizen Science Conference 2023 — PoS(ACSC2023). Presented at the 
Austrian Citizen Science Conference 2023, Sissa Medialab, Linz, Austria, p. 004. 
https://doi.org/10.22323/1.442.0004  

Emard, K., Edgeley, C., Wölfle Hazard, C., Sarna-Wojcicki, D., Cannon, W., Cameron, O., Hillman, 
L., McCovey, K., Lombardozzi, D., Pearse, S., Newman, A., 2024. Connecting local 
ecological knowledge and Earth system models: comparing three participatory approaches. 
E&S 29, art43. https://doi.org/10.5751/ES-15570-290443  

ESRC, 2025. Framework for Research Ethics.  
EU, 2016. Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 

2016 on the protection of natural persons with regard to the processing of personal data 
and on the free movement of such data, and repealing Directive 95/46/EC (General Data 
Protection Regulation).  

EU Large Carnivore Platform, 2025. The EU Platform on coexistence between people and large 
carnivores [WWW Document]. URL https://environment.ec.europa.eu/topics/nature-and-
biodiversity/habitats-directive/large-carnivores/eu-large-carnivore-platform_en (accessed 
8.13.25).  

European Commission, 2025a. European Union Mission: Restore our Ocean and Waters [WWW 
Document]. URL https://research-and-innovation.ec.europa.eu/funding/funding-
opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-
europe/restore-our-ocean-and-waters_en (accessed 8.13.25).  

European Commission, 2025b. Recommendation on a code of practice on citizen-engagement 
[WWW Document]. URL https://research-and-innovation.ec.europa.eu/research-
area/industrial-research-and-innovation/eu-valorisation-policy/knowledge-valorisation-
platform/guiding-principles-knowledge-valorisation-and-implementing-codes-practice/code-
practice-citizen-engagement_en (accessed 8.13.25).  

Forsdick, N.J., Wold, J., Angelo, A., Bissey, F., Hart, J., Head, M., Liggins, L., Senanayake, D., 
Steeves, T.E., 2025. Journeying towards best practice data management in biodiversity 
genomics. Molecular Ecology Resources 25, e13880. https://doi.org/10.1111/1755-
0998.13880  

Fortuna, K.L., 2019. Community engagement: a starter pack for scientists. Nature d41586-019-
03229–5. https://doi.org/10.1038/d41586-019-03229-5  

Fromentin, J.-M., Emery, M.R., Donaldson, J., Danner, M.-C., Halosserie, A., Kieling, D., 
Balachander, G., Barron, E.S., Chaudhary, R.P., Gasalla, M., Halmy, M., Hicks, C., Parlee, 
B., Park, M.S., Rice, J., Ticktin, T., Tittensor, D., 2022. Summary for policymakers of the 
thematic assessment of the sustainable use of wild species of the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). Zenodo. 
https://doi.org/10.5281/ZENODO.6425599  



 

19 

Funk, W.C., McKay, J.K., Hohenlohe, P.A., Allendorf, F.W., 2012. Harnessing genomics for 
delineating conservation units. Trends in Ecology & Evolution 27, 489–496. 
https://doi.org/10.1016/j.tree.2012.05.012  

Gardy, J.L., Loman, N.J., 2018. Towards a genomics-informed, real-time, global pathogen 
surveillance system. Nat Rev Genet 19, 9–20. https://doi.org/10.1038/nrg.2017.88  

Garigliany, M., Desmecht, D., Tignon, M., Cassart, D., Lesenfant, C., Paternostre, J., Volpe, R., 
Cay, A.B., Van Den Berg, T., Linden, A., 2019. Phylogeographic analysis of African swine 
fever virus, Western Europe, 2018. Emerg. Infect. Dis. 25, 184–186. 
https://doi.org/10.3201/eid2501.181535  

Gilliaux, G., Garigliany, M., Licoppe, A., Paternostre, J., Lesenfants, C., Linden, A., Desmecht, D., 
2019. Newly emerged African swine fever virus strain Belgium/Etalle/wb/2018: Complete 
genomic sequence and comparative analysis with reference p72 genotype II strains. 
Transbound Emerg Dis 66, 2566–2591. https://doi.org/10.1111/tbed.13302  

Gold, M., 2022. ECSA 10 Principles of Citizen Science. European Citizen Science Association 
(ECSA). https://doi.org/10.17605/OSF.IO/XPR2N  

Grill, C., 2021. Involving stakeholders in research priority setting: a scoping review. Res Involv 
Engagem 7, 75. https://doi.org/10.1186/s40900-021-00318-6  

Gudek, L., Rao, M., Broerse, J., 2025. Stakeholder engagement in European research and 
innovation: An investigation into how and why EU R&I projects develop engagement tools. 
Open Res Europe 5, 107. https://doi.org/10.12688/openreseurope.19907.1  

Gutiérrez-López, R., Ruiz-López, M.J., Ledesma, J., Magallanes, S., Nieto, C., Ruiz, S., Sanchez-
Peña, C., Ameyugo, U., Camacho, J., Varona, S., Cuesta, I., Jado-García, I., Sanchez-
Seco, M.P., Figuerola, J., Vázquez, A., 2025. First isolation of the Sindbis virus in 
mosquitoes from southwestern Spain reveals a new recent introduction from Africa. One 
Health 20, 100947. https://doi.org/10.1016/j.onehlt.2024.100947  

Hansen, H.P., Dethlefsen, C.S., Fox, G.F., Jeppesen, A.S., 2022. Mediating human-wolves 
conflicts through dialogue, joint fact-finding and empowerment. Front. Environ. Sci. 10, 
826351. https://doi.org/10.3389/fenvs.2022.826351  

Hogg, C.J., 2024. Translating genomic advances into biodiversity conservation. Nat Rev Genet 25, 
362–373. https://doi.org/10.1038/s41576-023-00671-0  

Hohenlohe, P.A., Funk, W.C., Rajora, O.P., 2021. Population genomics for wildlife conservation 
and management. Molecular Ecology 30, 62–82. https://doi.org/10.1111/mec.15720  

Huntington, H.P., 2000. Using traditional ecological knowledge in science: Methods and 
applications. Ecological Applications 10, 1270–1274. https://doi.org/10.1890/1051-
0761(2000)010%255B1270:UTEKIS%255D2.0.CO;2  

Israel, B.A., Schulz, A.J., Parker, E.A., Becker, A.B., 1998. Review of community-based research: 
Assessing partnership approaches to improve public health. Annu. Rev. Public Health 19, 
173–202. https://doi.org/10.1146/annurev.publhealth.19.1.173  

Johansen, T., Westgaard, J.-I., Seliussen, B.B., Nedreaas, K., Dahle, G., Glover, K.A., Kvalsund, 
R., Aglen, A., 2018. “Real-time” genetic monitoring of a commercial fishery on the doorstep 
of an MPA reveals unique insights into the interaction between coastal and migratory forms 
of the Atlantic cod. ICES Journal of Marine Science 75, 1093–1104. 
https://doi.org/10.1093/icesjms/fsx224  

Käyhkö, J., Hildén, M., Hyttinen, I., Korhonen-Kurki, K., 2025. The emerging institutionalisation of 
knowledge co-production in sustainability research. Ambio 54, 1372–1385. 
https://doi.org/10.1007/s13280-025-02161-5  

Kegamba, J.J., Sangha, K.K., Wurm, P., Garnett, S.T., 2022. A review of conservation-related 
benefit-sharing mechanisms in Tanzania. Global Ecology and Conservation 33, e01955. 
https://doi.org/10.1016/j.gecco.2021.e01955  

Kirubakaran, T.G., Grove, H., Kent, M.P., Sandve, S.R., Baranski, M., Nome, T., De Rosa, M.C., 
Righino, B., Johansen, T., Otterå, H., Sonesson, A., Lien, S., Andersen, Ø., 2016. Two 
adjacent inversions maintain genomic differentiation between migratory and stationary 
ecotypes of Atlantic cod. Molecular Ecology 25, 2130–2143. 
https://doi.org/10.1111/mec.13592  

Laikre, L., Olsson, F., Jansson, E., Hössjer, O., Ryman, N., 2016. Metapopulation effective size 
and conservation genetic goals for the Fennoscandian wolf (Canis lupus) population. 
Heredity 117, 279–289. https://doi.org/10.1038/hdy.2016.44  



 

20 

Latorre-Pérez, A., Pascual, J., Porcar, M., Vilanova, C., 2020. A lab in the field: applications of 
real-time, in situ metagenomic sequencing. Biology Methods and Protocols 5, bpaa016. 
https://doi.org/10.1093/biomethods/bpaa016  

Lawson Handley, L.-J., Estoup, A., Evans, D.M., Thomas, C.E., Lombaert, E., Facon, B., Aebi, A., 
Roy, H.E., 2011. Ecological genetics of invasive alien species. BioControl 56, 409–428. 
https://doi.org/10.1007/s10526-011-9386-2  

Li, H., Durbin, R., 2024. Genome assembly in the telomere-to-telomere era. Nat Rev Genet 25, 
658–670. https://doi.org/10.1038/s41576-024-00718-w  

Loubet, I., Caddoux, L., Fontaine, S., Michel, S., Pernin, F., Barrès, B., Le Corre, V., Délye, C., 
2021. A high diversity of mechanisms endows ALS-inhibiting herbicide resistance in the 
invasive common ragweed (Ambrosia artemisiifolia L.). Sci Rep 11, 19904. 
https://doi.org/10.1038/s41598-021-99306-9  

Lundregan, S.L., Niskanen, A.K., Muff, S., Holand, H., Kvalnes, T., Ringsby, T., Husby, A., Jensen, 
H., 2020. Resistance to gapeworm parasite has both additive and dominant genetic 
components in house sparrows, with evolutionary consequences for ability to respond to 
parasite challenge. Molecular Ecology 29, 3812–3829. https://doi.org/10.1111/mec.15491  

MacQueen, K.M., Bhan, A., Frohlich, J., Holzer, J., Sugarman, J., 2015. Evaluating community 
engagement in global health research: the need for metrics. BMC Med Ethics 16, 44. 
https://doi.org/10.1186/s12910-015-0033-9  

Mazzoni, C.J., Ciofi, C., Waterhouse, R.M., 2023. Biodiversity: an atlas of European reference 
genomes. Nature 619, 252–252. https://doi.org/10.1038/d41586-023-02229-w  

McGaughran, A., Dhami, M.K., Parvizi, E., Vaughan, A.L., Gleeson, D.M., Hodgins, K.A., Rollins, 
L.A., Tepolt, C.K., Turner, K.G., Atsawawaranunt, K., Battlay, P., Congrains, C., Crottini, A., 
Dennis, T.P.W., Lange, C., Liu, X.P., Matheson, P., North, H.L., Popovic, I., Rius, M., 
Santure, A.W., Stuart, K.C., Tan, H.Z., Wang, C., Wilson, J., 2024. Genomic tools in 
biological invasions: Current state and future frontiers. Genome Biology and Evolution 16, 
evad230. https://doi.org/10.1093/gbe/evad230  

Michener, L., Cook, J., Ahmed, S.M., Yonas, M.A., Coyne-Beasley, T., Aguilar-Gaxiola, S., 2012. 
Aligning the goals of community-engaged research: Why and how academic health centers 
can successfully engage with communities to improve health. Academic Medicine 87, 285–
291. https://doi.org/10.1097/ACM.0b013e3182441680  

Nagyova, I., Michie, S., 2023. Writing for impact: How to create policy briefs that influence policy-
making. European Journal of Public Health 33, ckad160.465. 
https://doi.org/10.1093/eurpub/ckad160.465  

Norström, A.V., Cvitanovic, C., Löf, M.F., West, S., Wyborn, C., Balvanera, P., Bednarek, A.T., 
Bennett, E.M., Biggs, R., De Bremond, A., Campbell, B.M., Canadell, J.G., Carpenter, S.R., 
Folke, C., Fulton, E.A., Gaffney, O., Gelcich, S., Jouffray, J.-B., Leach, M., Le Tissier, M., 
Martín-López, B., Louder, E., Loutre, M.-F., Meadow, A.M., Nagendra, H., Payne, D., 
Peterson, G.D., Reyers, B., Scholes, R., Speranza, C.I., Spierenburg, M., Stafford-Smith, 
M., Tengö, M., Van Der Hel, S., Van Putten, I., Österblom, H., 2020. Principles for 
knowledge co-production in sustainability research. Nat Sustain 3, 182–190. 
https://doi.org/10.1038/s41893-019-0448-2  

O’Brien, K., Garibaldi, L.A., Agrawal, A., Bennett, E., Biggs, R., Calderón Contreras, R., Carr, E.R., 
Frantzeskaki, N., Gosnell, H., Gurung, J., Lambertucci, S.A., Leventon, J., Chuan, L., 
Reyes García, V., Shannon, L., Villasante, S., Wickson, F., Zinngrebe, Y., Périanin, L., 
Bridgewater, P., Zaccagnini, M.E., 2025. IPBES transformative change assessment: 
Summary for policymakers. Zenodo. https://doi.org/10.5281/ZENODO.11382230  

Obura, D., Agrawal, A., DeClerck, F., Donaldson, J., Dziba, L., Emery, M.R., Friedman, K., 
Fromentin, J.-M., Garibaldi, L.A., Mulongoy, J., Navarrete-Frias, C., Mosig Reidl, P., Roe, 
D., Timoshyna, A., 2023. Prioritizing sustainable use in the Kunming-Montreal global 
biodiversity framework. PLOS Sustain Transform 2, e0000041. 
https://doi.org/10.1371/journal.pstr.0000041  

OHHLEP, Adisasmito, W.B., Almuhairi, S., Behravesh, C.B., Bilivogui, P., Bukachi, S.A., Casas, 
N., Cediel Becerra, N., Charron, D.F., Chaudhary, A., Ciacci Zanella, J.R., Cunningham, 
A.A., Dar, O., Debnath, N., Dungu, B., Farag, E., Gao, G.F., Hayman, D.T.S., Khaitsa, M., 
Koopmans, M.P.G., Machalaba, C., Mackenzie, J.S., Markotter, W., Mettenleiter, T.C., 
Morand, S., Smolenskiy, V., Zhou, L., 2022. One Health: A new definition for a sustainable 



 

21 

and healthy future. PLoS Pathog 18, e1010537. 
https://doi.org/10.1371/journal.ppat.1010537  

Ostermann‑Miyashita, E., Kirkland, H., Eklund, A., Hare, D., Jansman, H.A.H., Kiffner, C., Linnell, 
J.D.C., Rigg, R., Stone, S.A., Uthes, S., Von Arx, M., König, H.J., 2025. Bridging the gap 
between science, policy and stakeholders: Towards sustainable wolf–livestock coexistence 
in human‑dominated landscapes. People and Nature pan3.10786. 
https://doi.org/10.1002/pan3.10786  

Quick, J., Loman, N.J., Duraffour, S., Simpson, J.T., Severi, E., Cowley, L., Bore, J.A., Koundouno, 
R., Dudas, G., Mikhail, A., Ouédraogo, N., Afrough, B., Bah, A., Baum, J.H.J., Becker-Ziaja, 
B., Boettcher, J.P., Cabeza-Cabrerizo, M., Camino-Sánchez, Á., Carter, L.L., Doerrbecker, 
J., Enkirch, T., Dorival, I.G.-, Hetzelt, N., Hinzmann, J., Holm, T., Kafetzopoulou, L.E., 
Koropogui, M., Kosgey, A., Kuisma, E., Logue, C.H., Mazzarelli, A., Meisel, S., Mertens, M., 
Michel, J., Ngabo, D., Nitzsche, K., Pallasch, E., Patrono, L.V., Portmann, J., Repits, J.G., 
Rickett, N.Y., Sachse, A., Singethan, K., Vitoriano, I., Yemanaberhan, R.L., Zekeng, E.G., 
Racine, T., Bello, A., Sall, A.A., Faye, Ousmane, Faye, Oumar, Magassouba, N., Williams, 
C.V., Amburgey, V., Winona, L., Davis, E., Gerlach, J., Washington, F., Monteil, V., 
Jourdain, M., Bererd, M., Camara, Alimou, Somlare, H., Camara, Abdoulaye, Gerard, M., 
Bado, G., Baillet, B., Delaune, D., Nebie, K.Y., Diarra, A., Savane, Y., Pallawo, R.B., 
Gutierrez, G.J., Milhano, N., Roger, I., Williams, C.J., Yattara, F., Lewandowski, K., Taylor, 
J., Rachwal, P., J. Turner, D., Pollakis, G., Hiscox, J.A., Matthews, D.A., Shea, M.K.O., 
Johnston, A.McD., Wilson, D., Hutley, E., Smit, E., Di Caro, A., Wölfel, R., Stoecker, K., 
Fleischmann, E., Gabriel, M., Weller, S.A., Koivogui, L., Diallo, B., Keïta, S., Rambaut, A., 
Formenty, P., Günther, S., Carroll, M.W., 2016. Real-time, portable genome sequencing for 
Ebola surveillance. Nature 530, 228–232. https://doi.org/10.1038/nature16996  

Quintela, M., Seljestad, G.W., Dahle, G., Hallfredsson, E.H., Enberg, K., Langbehn, T.J., Jansson, 
E., Glover, K.A., Westgaard, J.-I., 2024. Scrutinizing the current management units of the 
greater argentine in the light of genetic structure. ICES Journal of Marine Science 81, 972–
983. https://doi.org/10.1093/icesjms/fsae055  

Rayne, A., Blair, S., Dale, M., Flack, B., Hollows, J., Moraga, R., Parata, R.N., Rupene, M., Tamati‑
Elliffe, P., Wehi, P.M., Wylie, M.J., Steeves, T.E., 2022. Weaving place‑based knowledge 
for culturally significant species in the age of genomics: Looking to the past to navigate the 
future. Evolutionary Applications 15, 751–772. https://doi.org/10.1111/eva.13367  

Razgour, O., Forester, B., Taggart, J.B., Bekaert, M., Juste, J., Ibáñez, C., Puechmaille, S.J., 
Novella-Fernandez, R., Alberdi, A., Manel, S., 2019. Considering adaptive genetic variation 
in climate change vulnerability assessment reduces species range loss projections. Proc. 
Natl. Acad. Sci. U.S.A. 116, 10418–10423. https://doi.org/10.1073/pnas.1820663116  

Reed, M.S., 2008. Stakeholder participation for environmental management: A literature review. 
Biological Conservation 141, 2417–2431. https://doi.org/10.1016/j.biocon.2008.07.014  

Rius, M., Bourne, S., Hornsby, H.G., Chapman, M.A., 2015. Applications of next-generation 
sequencing to the study of biological invasions. Curr Zool 61, 488–504. 
https://doi.org/10.1093/czoolo/61.3.488  

Roy, H.E., Pauchard, A., Stoett, P., Renard Truong, T., 2024a. IPBES invasive alien species 
assessment: Full report. Zenodo. https://doi.org/10.5281/ZENODO.7430682  

Roy, H.E., Pauchard, A., Stoett, P., Renard Truong, T., Bacher, S., Galil, B.S., Hulme, P.E., Ikeda, 
T., Sankaran, K., McGeoch, M.A., Meyerson, L.A., Nuñez, M.A., Ordonez, A., Rahlao, S.J., 
Schwindt, E., Seebens, H., Sheppard, A.W., Vandvik, V., Genovesi, P., Wilson, J.R., 
2024b. IPBES invasive alien species assessment: Summary for policymakers. Zenodo. 
https://doi.org/10.5281/ZENODO.7430692  

Salvatori, V., Balian, E., Blanco, J.C., Carbonell, X., Ciucci, P., Demeter, L., Marino, A., 
Panzavolta, A., Sólyom, A., Von Korff, Y., Young, J.C., 2021. Are large carnivores the real 
issue? Solutions for improving conflict management through stakeholder participation. 
Sustainability 13, 4482. https://doi.org/10.3390/su13084482  

Salvatori, V., Marino, A., Ciucci, P., Galli, C., Machetti, M., Passalacqua, E., Ricci, S., Romeo, G., 
Rosso, F., Tudini, L., 2023. Managing wolf impacts on sheep husbandry: a collaborative 
implementation and assessment of damage prevention measures in an agricultural 
landscape. Front. Conserv. Sci. 4, 1264166. https://doi.org/10.3389/fcosc.2023.1264166  



 

22 

Satterthwaite, E., McQuain, L., Almada, A., Rudnick, J., Eberhardt, A., Doerr, A., O’Connor, R., 
Wright, N., Briggs, R., Robbins, M., Bastidas, C., Sparks, E., Goodrich, K., Costello, W., 
2024. Centering knowledge co-production in sustainability science: Why, how, and when. 
Oceanog 37, 26–37. https://doi.org/10.5670/oceanog.2024.217  

Sauter-Louis, C., Conraths, F.J., Probst, C., Blohm, U., Schulz, K., Sehl, J., Fischer, M., Forth, 
J.H., Zani, L., Depner, K., Mettenleiter, T.C., Beer, M., Blome, S., 2021. African swine fever 
in wild boar in Europe—A review. Viruses 13, 1717. https://doi.org/10.3390/v13091717  

Shafer, A.B.A., Wolf, J.B.W., Alves, P.C., Bergström, L., Bruford, M.W., Brännström, I., Colling, G., 
Dalén, L., De Meester, L., Ekblom, R., Fawcett, K.D., Fior, S., Hajibabaei, M., Hill, J.A., 
Hoezel, A.R., Höglund, J., Jensen, E.L., Krause, J., Kristensen, T.N., Krützen, M., McKay, 
J.K., Norman, A.J., Ogden, R., Österling, E.M., Ouborg, N.J., Piccolo, J., Popović, D., 
Primmer, C.R., Reed, F.A., Roumet, M., Salmona, J., Schenekar, T., Schwartz, M.K., 
Segelbacher, G., Senn, H., Thaulow, J., Valtonen, M., Veale, A., Vergeer, P., Vijay, N., Vilà, 
C., Weissensteiner, M., Wennerström, L., Wheat, C.W., Zieliński, P., 2015. Genomics and 
the challenging translation into conservation practice. Trends in Ecology & Evolution 30, 
78–87. https://doi.org/10.1016/j.tree.2014.11.009  

Sheppard, D.J., Stark, D.J., Muturi, S.W., Munene, P.H., 2024. Benefits of traditional and local 
ecological knowledge for species recovery when scientific inference is limited. Front. 
Conserv. Sci. 5, 1383611. https://doi.org/10.3389/fcosc.2024.1383611  

Sherpa, S., Després, L., 2021. The evolutionary dynamics of biological invasions: A multi‑approach 
perspective. Evolutionary Applications 14, 1463–1484. https://doi.org/10.1111/eva.13215  

Shirk, J.L., Ballard, H.L., Wilderman, C.C., Phillips, T., Wiggins, A., Jordan, R., McCallie, E., 
Minarchek, M., Lewenstein, B.V., Krasny, M.E., Bonney, R., 2012. Public participation in 
scientific research: A framework for deliberate design. E&S 17, art29. 
https://doi.org/10.5751/ES-04705-170229  

Snapp, S.S., Bezner Kerr, R., Bybee‑Finley, A., Chikowo, R., Dakishoni, L., Grabowski, P., 
Lupafya, E., Mhango, W., Morrone, V.L., Shumba, L., Kanyama‑Phiri, G., 2023. 
Participatory action research generates knowledge for Sustainable Development Goals. 
Frontiers in Ecol & Environ 21, 341–349. https://doi.org/10.1002/fee.2591  

SRA, 2021. SRA research ethics guidance: Best practices and considerations.  
Stončiūtė, E., Malakauskas, A., Conraths, F.J., Masiulis, M., Sauter-Louis, C., Schulz, K., 2022. 

The perceptions of Lithuanian hunters towards African swine fever using a participatory 
approach. BMC Vet Res 18, 401. https://doi.org/10.1186/s12917-022-03509-9  

Supple, M.A., Shapiro, B., 2018. Conservation of biodiversity in the genomics era. Genome Biol 
19, 131. https://doi.org/10.1186/s13059-018-1520-3  

Taylor, J.J., Rytwinski, T., Bennett, J.R., Cooke, S.J., 2017. Lessons for introducing stakeholders 
to environmental evidence synthesis. Environ Evid 6, 26. https://doi.org/10.1186/s13750-
017-0105-z  

Tengö, M., Hill, R., Malmer, P., Raymond, C.M., Spierenburg, M., Danielsen, F., Elmqvist, T., 
Folke, C., 2017. Weaving knowledge systems in IPBES, CBD and beyond—lessons 
learned for sustainability. Current Opinion in Environmental Sustainability 26–27, 17–25. 
https://doi.org/10.1016/j.cosust.2016.12.005  

Thuermer, G., Guardia, E.G., Reeves, N., Corcho, O., Simperl, E., 2023. Data management 
documentation in citizen science projects: Bringing formalisation and transparency 
together. CSTP 8, 25. https://doi.org/10.5334/cstp.538  

United Nations, 2007. United Nations Declaration on the Rights of Indigenous Peoples : resolution / 
adopted by the General Assembly.  

United Nations, 1992. Convention on Biological Diversity.  
Urner, N., Sauter-Louis, C., Staubach, C., Conraths, F.J., Schulz, K., 2021. A comparison of 

perceptions of Estonian and Latvian hunters with regard to the control of African swine 
fever. Front. Vet. Sci. 8, 642126. https://doi.org/10.3389/fvets.2021.642126  

van Oosterhout, C., Speak, S.A., Birley, T., Hitchings, L.W., Bortoluzzi, C., Percival-Alwyn, L., 
Urban, L., Groombridge, J.J., Segelbacher, G., Morales, H.E., 2025. Genomic erosion in 
the assessment of species’ extinction risk and recovery potential. 
https://doi.org/10.1101/2022.09.13.507768  



 

23 

Wallerstein, N., Duran, B., 2010. Community-based participatory research contributions to 
intervention research: The intersection of science and practice to improve health equity. Am 
J Public Health 100, S40–S46. https://doi.org/10.2105/AJPH.2009.184036  

Waples, R.S., Lindley, S.T., 2018. Genomics and conservation units: The genetic basis of adult 
migration timing in Pacific salmonids. Evolutionary Applications 11, 1518–1526. 
https://doi.org/10.1111/eva.12687  

Wedemeyer-Strombel, K.R., Peterson, M.J., Sanchez, R.N., Chavarría, S., Valle, M., Altamirano, 
E., Gadea, V., Sowards, S.K., Tweedie, C.E., Liles, M.J., 2019. Engaging fishers’ ecological 
knowledge for endangered species conservation: Four advantages to emphasizing voice in 
participatory action research. Front. Commun. 4, 30. 
https://doi.org/10.3389/fcomm.2019.00030  

Wilkinson, M.D., Dumontier, M., Aalbersberg, Ij.J., Appleton, G., Axton, M., Baak, A., Blomberg, N., 
Boiten, J.-W., Da Silva Santos, L.B., Bourne, P.E., Bouwman, J., Brookes, A.J., Clark, T., 
Crosas, M., Dillo, I., Dumon, O., Edmunds, S., Evelo, C.T., Finkers, R., Gonzalez-Beltran, 
A., Gray, A.J.G., Groth, P., Goble, C., Grethe, J.S., Heringa, J., ’T Hoen, P.A.C., Hooft, R., 
Kuhn, T., Kok, R., Kok, J., Lusher, S.J., Martone, M.E., Mons, A., Packer, A.L., Persson, B., 
Rocca-Serra, P., Roos, M., Van Schaik, R., Sansone, S.-A., Schultes, E., Sengstag, T., 
Slater, T., Strawn, G., Swertz, M.A., Thompson, M., Van Der Lei, J., Van Mulligen, E., 
Velterop, J., Waagmeester, A., Wittenburg, P., Wolstencroft, K., Zhao, J., Mons, B., 2016. 
The FAIR Guiding Principles for scientific data management and stewardship. Sci Data 3, 
160018. https://doi.org/10.1038/sdata.2016.18  



1 

 

Supplementary Materials 

 

Engaging European Local Communities in Biodiversity Genomics Research: 

A Five-Step Framework for Scientists 

 

 

1. Glossary 

 

Adaptive genetic traits: traits (or phenotypes or characteristics) encoded in an organism’s 

DNA that enhance its survival and reproductive success in a specific environment.  

 

Benefit-sharing: the fair and equitable sharing between stakeholders of monetary (e.g., 

royalties from the creation of commercial products derived from resources) and non-monetary 

(e.g., research skills and knowledge) benefits that may result from the use of genetic resources  

(“Nagoya Protocol on access to genetic resources and the fair and equitable sharing of 

benefits arising from their utilization to the convention on biological diversity,” 2011). 

 

Biodiversity genomics: the application of genomic data and analyses to the understanding 

of all eukaryotic organisms (Theissinger et al., 2023). 

 

Data stewardship: research practices designed to optimise data management in alignment 

with the FAIR Guiding Principles (findability, accessibility, interoperability, reusability) to 

enhance data  reusability for the benefit of the scientific community and the public (including 

local communities).  

 

Earth BioGenome Project (EBP): an international initiative that aims to coordinate global 

efforts to sequence, catalogue, and characterise reference-quality genomes of all of Earth's 

eukaryotic biodiversity (Blaxter et al., 2025; Lewin et al., 2022). 

 

European Reference Genome Atlas (ERGA): a pan-European scientific community of 

experts in genome sequencing and analysis that aims to coordinate the generation of 

reference-quality genomes for all eukaryotic species in Europe (Mazzoni et al., 2023). 

 

Gene flow: the transfer of genetic material between populations of the same species through 

migration, mating, or dispersal of individuals or gametes. 
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Genetic bottleneck: the abrupt reduction in the size of a population due to environmental 

events (e.g., natural disasters, disease, or human activities) and/or other pressures. A genetic 

bottleneck results in a significant reduction of genetic variation. 

 

Genetic variation: the differences in DNA sequences or the diversity of genes within and 

among individuals and populations of a species.  

 

Genome assembly: a computational representation of a genome sequence. A genome 

assembly can be of varying quality (contiguity, completeness, correctness) based on the 

sequencing technologies used.  

 

Genomic data: data that includes a high density of genetic markers, such as single-nucleotide 

polymorphisms (SNPs), typically numbering in the thousands or millions, distributed across an 

entire DNA sequence. 

 

Genomic erosion: the progressive loss of genome-wide diversity over time in small, isolated 

populations (van Oosterhout et al., 2025). 

 

Genomics: a branch of molecular biology focused on the study of an organism’s complete 

DNA (the genome), including all of its genes, their functions, and structure. Genomics refers 

to both individuals, populations, and species.  

 

Helicopter science: also known as parachute science, refers to the practice where scientists 

from the Global North (typically High Income Countries) conduct studies in the Global South 

(typically Low to Middle-Income Countries) with little to no involvement from–or benefit to–

local scientists and Local Communities (De Vos and Schwartz, 2022). 

 

Inbreeding: the mating between closely related individuals, which increases the chance of 

offspring inheriting identical genetic variants from both parents, thereby reducing genetic 

diversity. 

 

Invasive alien species (IAS): species that establish themselves in natural or semi-natural 

ecosystems or habitats that they have never inhabited before. They are often agents of change 

and threaten native biological diversity (Roy et al., 2024). 

 

Metagenomics: the sampling and sequencing of (partial) genome sequences of a community 

of organisms inhabiting a common environment. 
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One Health: an integrated, unifying approach that aims to sustainably balance and optimise 

the health of people, animals, and ecosystems. It recognises the health of humans, animals 

(domestic and wild), plants, and the wider environment, as closely linked and interdependent. 

 

Single Nucleotide Polymorphism (SNP): it occurs when one nucleotide (A, T, C, G) is 

replaced by another one in a DNA sequence, creating a variation at a single DNA base pair in 

the genome among individuals. 

 

Stakeholder: any person or group of people who directly or indirectly influences or is 

influenced by the research being conducted. A stakeholder may have an interest in the 

research and/or can affect its results, whether positively or negatively. A stakeholder is not 

necessarily a direct user of the research’s findings and is not always affected by them (Durham 

et al., 2014). 

 

Whole-genome sequencing: the sequencing of an individual’s entire genome content to 

identify genetic variation by comparing it to a reference genome. 

 

 

 

 

 

 

 

  



4 

2. Real-World Application: The salmonids of Lake Leman 

 

Here, the five-step framework is exemplified in the long-running effort to rehabilitate European 

whitefish (Coregonus lavaretus) in Lake Leman (also known as Lake Geneva), a deep peri-

Alpine lake shared by France and Switzerland. Intense eutrophication in the 1960s-70s drove 

annual whitefish catch from ≈100–200 tons (t) to just 30–50 t, setting off alarm among the 

lake’s professional fishing families and recreational angler clubs. In response, these groups 

joined regional and national authorities and limnologists from the French INRAE research 

station in Thonon-les-Bains to launch the cross-border “Pacage Lacustre” supportive-

breeding programme in 1983, formalising a partnership that still anchors stock management 

today (Rogissart et al., 2024). A Franco-Swiss commission oversees the fishery and mandates 

shared decision-making. Compulsory catch logbooks introduced in 1986 give fishers direct 

input into monitoring and evaluation. Recent advances extend from hatchery genetics to non-

invasive molecular surveillance to track whitefish and perch (Perca fluviatilis) spawning, 

information that feeds back into adaptive quota setting and season closures. Together, these 

documented actions offer a concise, real-world canvas on which to map each step of the Local 

Community engagement framework outlined above. 

 

Step 1 – Identify the community and build partnerships early 

The decline in whitefish was threatening the livelihood of dozens of professional fishing 

families. In response, these fishers, together with recreational-angler associations and local 

NGOs, petitioned regional and national authorities and reached out to INRAE limnologists at 

the Thonon-les-Bains research station in France, identifying them as key partners in 

addressing the crisis. Their joint response was the cross-border “Pacage Lacustre” 

programme, launched in 1983, which formed a partnership among the fishers, scientists, and 

both French and Swiss governments (Rogissart et al., 2024). 

 

Step 2 - Learn and respect community etiquette and context 

Soon after the Pacage Lacustre programme began, scientists entered the decision-making 

process of the Franco-Swiss Fishery Commission, a binational body created by the 1980 

bilateral accord that still governs Lake Leman’s fisheries and conducts its business (Comité 

Mixte Franco-Suisse, 1980). During its early sessions, the professional fishing cooperative 

and angling clubs identified the few gravel shoals where whitefish still spawned and made 

clear that the brood-stock harvest must coincide with their November–January fishing season. 

The partners also agreed that hatchery production would rely exclusively on gametes stripped 

from wild Leman spawners, a precaution later validated by early genetic surveys showing the 

lake’s whitefish are genetically distinct from neighbouring stocks (Champigneulle and 
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Gerdeaux, 1992). The team created a two-way dialogue by incorporating local calendars and 

ecological knowledge into the programme. 

 

Step 3 - Co-create the research process 

Dialogue soon matured into practice. Each winter, professional Leman fishermen harvest fully 

ripened whitefish spawners, stripping gametes before transferring them to the hatchery. This 

routine preserves the lake’s endemic gene pool, giving fishers tangible control over the most 

sensitive stage of the life cycle. Long-term catch records revealed that the standard 36 mm 

gill-net mesh captured more than 60% of males and over half the females before ovulation. 

Acting on fishers’ recommendations, managers adopted a 44 mm mesh that releases most 

sub-adult males yet still retains gravid females, significantly improving egg yield 

(Champigneulle et al., 2001). Additional practice-driven refinements followed, for instance, 

non-ovulated females are now held in shore tanks until fully matured, or eggs have to be 

fertilised within two hours of capture. These small adjustments lifted first-week larval survival 

above 70 % (Champigneulle et al., 2001, 1983). 

 

Collaboration continues beyond the hatchery phase. Fishers maintain floating nursery cages 

and, since 1986, maintain log books that document gear, effort, and externally marked fish. 

This generates a high-resolution data collection for stock assessment. Mark–release–

recapture trials, co-designed to fit commercial routines, adopted Alizarin Red S otolith staining 

as a permanent tag; subsequent analyses showed that released juveniles can return up to 27 

kg of harvest per 1000 juveniles, guiding evidence-based decisions on release size and timing 

(Caudron and Champigneulle, 2009; Champigneulle and Gerdeaux, 1992). Fishers are 

recognized as genuine co-investigators of the management experiment by embedding local 

expertise in gear choice as well as post-release monitoring. 

 

Step 4 - Ensure mutual benefit and transparency 

Lake Leman’s fishery is governed by the 1980 Franco-Swiss Accord. This created a binational 

commission that still gives professional fishers, scientists, and administrators equal voting 

rights. The commission’s statutes oblige both countries to publish annual stocking quotas, 

currently 10 million whitefish juveniles. Both countries are also required to review their rules 

every five years to ensure that gear limits and closed seasons are continually updated. Data 

flows in the opposite direction (Hofmann and Raymond, 2014). Since 1986, mandated log 

books have supplied the high-resolution capture statistics that feed directly into the 

commission’s public reports, revealing, for example, a total take of 1241 t across all sectors in 

2012 (Hofmann and Raymond, 2014). Most importantly, collaboration benefits are tangible. 

After sustained lobbying from the fishing syndicate, the French environmental law was 
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amended in 2002 to legalise the sale of broodstock caught during the winter egg fishery, 

replacing income lost due to seasonal closures and rewarding active participation in the 

stocking programme (Rogissart et al., 2024). Together, mandatory data transparency and 

shared economic gains demonstrate that scientific management need not be a one-way street. 

Knowledge returns to those who generate it, and so do the proceeds. 

 

Step 5 - Plan for long-term engagement and knowledge transfer. 

The collaboration on Lake Leman continued after whitefish catches recovered. To determine 

spawning peaks of fé-ra and European perch, INRAE limnologists use droplet-digital PCR 

(ddPCR) on environmental DNA samples (Vautier et al., 2023). The genomic time-series 

complements the annual bulletins issued by the commission, which provide license holders 

with detailed catch statistics and fry-release numbers (Commission Franco-Suisse, 2023). The 

outreach program extends beyond the fishing industry. The “Écomusée de la Pêche” in 

Thonon-les-Bains exhibits archival photographs, historical catch curves, and simplified genetic 

graphics developed by INRAE–CARRTEL staff, preserving the conservation narrative for 

school groups and tourists alike. In ensuring that data, interpretation, and public storytelling 

are shared with the community, the programme demonstrates that both ecological and cultural 

benefits can be realized through long-term, transgenerational engagement. 
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