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Preface
The global biodiversity crisis in agriculture is overlooked compared to wild systems. This must change if we are to safeguard domesticated plant diversity, and meet global sustainable development and biodiversity goals. In this perspective we review tools developed through decades of wild biodiversity conservation, and provide a framework for adapting and applying these for agrobiodiversity conservation. We focus on challenges and solutions around monitoring the status of agrobiodiversity, prioritising its conservation, conserving it in-situ, and financing to ensure these actions can be maintained long term. Conserving global agrobiodiversity supports wider conservation efforts and is crucial for achieving food security, climate resilience, and a sustainable future.
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Globally we are facing two concurrent and interlinked biodiversity crises. Whilst the rapid decline in wild biodiversity is well-documented1, the magnitude, distribution and rate of decline in agrobiodiversity is more poorly characterised2. The perception of intensive agriculture as solely a driver of global biodiversity loss may have contributed to the widespread omission of agrobiodiversity in conservation prioritisation and planning3. As a result, the expertise and resources required to address these crises in unison frequently remain siloed.

While biodiversity refers to all living and extinct species, in the context of conservation policy and practice it generally refers to wild species. In this perspective we refer to two main subsets of broader biodiversity (comprising all living species): wild biodiversity (naturally occurring living species) and agrobiodiversity, which we define as the variety of domesticated plants, animals, and micro-organisms used for food and agriculture (Fig. 1). Unlike some definitions of agrobiodiversity, we do not include associated agrobiodiversity as a subset of agrobiodiversity, as these are wild species (e.g., pollinators, which co-occur on farms). We also do not include crop wild relatives (CWRs) as although related to domesticated species, these are wild species and are encompassed under traditional wild biodiversity conservation tools such as protected areas4. 
Agrobiodiversity is the aspect of broader biodiversity with which people interact most frequently – through food, medicines, and materials among other uses. We focus our discussion on plant agrobiodiversity, as this underpins the human diet globally5. Increased diversity of domesticated species or varieties within and between different agroecosystems is typically associated with more resilient food systems, including stabilised yields6. However, of at least 7,039 known edible plant species, common varieties of rice, wheat and maize now comprise almost 50% of global caloric intake5. Modern agricultural systems increasingly grow crops in large scale systems, with low inter- and infra-specific diversity. Such monocultures and modern farming techniques have successfully boosted farmers’ yields and improved the global standard of living. They may have also benefited wild biodiversity by reducing the space needed to produce adequate yields to meet the demands of a growing population7. 

Despite the benefits of crop monocultures, within the context of climate change and increasing global exchange of pests and disease, agrobiodiversity provides the library of trait diversity on which maintaining our current and future intensified agricultural production depends8. However, under current global agricultural simplification and homogenisation9, and growing evidence of agrobiodiversity declines (evidenced in 86% of studies assessing crop landraces on farms, published 1939-202110), it is vital that agrobiodiversity conservation approaches are better integrated into international and national land-use policies. This in turn must be translated into conservation action, including giving proper recognition to the knowledge and practices of Indigenous and traditional communities11, before opportunities to conserve agrobiodiversity are irrevocably lost10. Efforts to better integrate agrobiodiversity conservation into existing policies are progressing with the International Treaty on Plant Genetic Resources for Food and Agriculture (PGRFA), hereafter The Plant Treaty, working to demonstrate interlinkages between agrobiodiversity conservation and both Sustainable Development Goals (SDGs) and the Convention on Biodiversity’s (CBD) Global Biodiversity Framework (GBF). The Plant Treaty is now seen as instrumental to SDGs 2 (zero hunger) and 15 (life on land) and has also been incorporated into GBF Targets 10 (enhancing biodiversity and sustainability in agriculture) and 13 (benefit sharing from genetic resources). 
Following calls in The State of the World’s Biodiversity for Food and Agriculture – an initiative led by the Food and Agriculture Organization of the United Nations - to improve understanding of the links between wild and domesticated biodiversity and establish enabling frameworks for the sustainable use and conservation of agrobiodiversity, in this perspective we outline the synergies in conservation priorities between wild biodiversity and agrobiodiversity. While the challenges facing agrobiodiversity may appear distinct, innovations and experience from decades of wild biodiversity conservation could be relevant to assessing agrobiodiversity loss and change. We review conceptual and methodological advances made in the wild biodiversity conservation sector, considering their potential application to innovate and catalyse urgent progress in developing an agrobiodiversity conservation framework (Fig. 2) and avoid re-inventing the wheel from partially siloed disciplines. This is particularly important in areas with high diversity of underutilised and neglected species, which is often in low-income, tropical and sub-tropical countries12.  

Generating Data to Assess Extinction Risk
The first stage of most conservation frameworks is generation of data (Fig 2, Stage 1). In the wild biodiversity conservation sector, databases such as the Global Biodiversity Information Facility (GBIF) data portal have increased accessibility to species occurrence records and standardised data quality requirements. The Second Global Plan of Action on Plant Genetic Resources for Food and Agriculture (PGRFA), adopted in 1996 and updated in 2011, called for surveying and inventorying of PGRFA. Four leading agrobiodiversity databases are currently available: Mansfeld’s Encyclopedia contains data on taxonomy and distribution for over 6,100 cultivated plant species; FAOSTAT Agricultural Production Statistics record production for 278 crop and livestock species; the World Information and Early Warning System (WIEWS) collates information on progress towards the Second Global Plan of Action for PGRFA based on country reports; and GeneSys PGR records seed bank collections, including data for 56 crop groups. Despite the value of these resources, they are considerably more limited in their taxonomic and geographic scope than comparative databases for wild biodiversity. Opportunities to augment these data include through citizen science approaches, for example, via platforms such as iNaturalist that have demonstrated considerable utility for cost-effective monitoring of wild species distributions13. This has the potential to be more effective for agrobiodiversity than wild biodiversity because people (particularly farmers) interact with agrobiodiversity more frequently and are more predominantly co-located in agricultural landscapes. 
With increased data availability, new opportunities to utilize that data become feasible. For example, the global standard for assessing the risk of extinction of wild species is the International Union for Conservation of Nature’s Red List of Threatened Species (hereafter Red List), for which 157,190 species (including >60,000 plant species) have been assessed to date (Version 2023-1; accessed on May 30, 2024). This growing database facilitates the examination of trends in extinction risk disaggregated by taxonomic group or geographic area using the Red List Index, revealing major conservation challenges, including the dramatic decline of groups such as corals and cycads14. A comparative global assessment tool for agrobiodiversity is not yet available. The lack of such a system may perpetuate the exclusion of agrobiodiversity from conservation planning, prioritization, and implementation. 

Previous efforts to develop extinction risk assessments for agrobiodiversity have not been widely applied. One approach has been to collect baseline field data and follow this up with repeat monitoring; however, systematic surveys of agrobiodiversity still remain underdeveloped, particularly for underutilized crops and in countries with limited funding15. Other approaches, comparing the status of both inter- and infra-specific taxa, have often only been applied at national scales or to specific taxa and are not consistent or comparable with one another. For example: the Rare Breeds Survival Trust’s watchlist of priority breeds identifies the conservation status of livestock breeds native to the United Kingdom, classifying each as ‘priority’, ‘at risk’ or ‘other; while the Red List of Endangered Native Crops in Germany is a list of any crop species or variety which is indigenous, has low/no on-farm occurrence, is culturally/commercially important and also does not have existing legal status. A recently developed approach that compares agrobiodiversity across spatial scales, is the Agrobiodiversity Index16. This informs the monitoring of national agrobiodiversity indicators including status, actions, and policy commitments, but lacks indicators on inter- and infra-specific diversity that may support adaptation to changing conditions and threats16. Functionally, none of these tools are analogous to the Red List. 

Adapting Red List approaches for agrobiodiversity, such as domesticated crops, poses several challenges. Most importantly, Red List assessments are predominantly performed at the species level. While subspecies and varietal assessments are permitted, they comprise only around 2% of current IUCN assessments. A Red List for agrobiodiversity would require modification to better assess functional infraspecific diversity17, such as landraces. Landrace diversity is recognised by farmers as underpinning useful traits, and important local adaptations to heterogenous environments. This is particularly challenging due to difficulties in defining what a landrace is (for advances in landrace Red Listing see Almeida et al., 202418). Red listing agrobiodiversity at the landrace level would be a substantial undertaking given that there are estimated to be >7,000 edible plant species5 and the number of landraces (or varieties) within any one of these species could be anything from a few to several thousands. For example, there are around 1,200 banana landraces at the International Musa Germplasm Transit Centre19. The magnitude of this task is emphasised by the fact that only ~19% of the 342,953 known wild vascular plant species have been assessed to date20. To begin this process, Mansfield’s Encyclopedia of Agricultural and Horticultural Crops, which lists crop species, subspecies, and varieties, as well as a range of fine-scale groupings, could serve as a foundational resource to the taxonomic levels considered in Red List assessments and guide taxon selection for future assessment. Additionally, recent advances in the application of machine learning for analysing and predicting extinction risk of wild species21 offer an opportunity to investigate the potential acceleration of this process. The extensive data available for a small number of well-studied crop species could provide initial data to begin trialing these models17. 

Additional challenges relate to the applicability of Red List criteria to agrobiodiversity. First, Red List assessments use data on the native distribution of species. Lists of existing agrobiodiversity taxa together with associated population and distribution data are available for some species, and could be used as a starting point; however they  are rarely spatially explicit or range-wide22. Second, threat assessment criteria relevant to agrobiodiversity also differ substantially from those relevant to wild biodiversity. In addition to natural drivers these can include anthropogenic drivers such as changes in consumer preferences, subsidies for improved crops23, emigration of farmers and youth24, abandonment of farms and seeds, and declines within traditional agricultural practices, cuisine, and traditional knowledge11. Here, data sources such as yield, consumption, or trade data may provide novel data that would not generally be considered in current Red Listing pipelines. Additionally incorporating Indigenous and local knowledge into assessments will be key for understanding how threats have changed over time. Third, both decline and recovery in population sizes of agricultural species may occur more rapidly than in wild species25, and may be less relevant to their extinction risk if related to seasonal growth. Therefore criteria based on cultivation reduction and production sustainability may be more relevant18. This also relates to differences in the types of data available17, with wild species data being predominantly reported as occurrence records, whereas agricultural data is often reported as species-level production volumes. However, we note that production data rarely includes information on cultivars or varieties. 
The absence of an internationally agreed-upon approach for extinction risk assessments for agrobiodiversity may result in continued omission of agrobiodiversity from global conservation goals and actions, as well as decision making tools such as the Integrated Biodiversity Assessment Tool (see section II). By expanding the Red List approach to accommodate agrobiodiversity, there is the potential to promote conservation of the subset of broader biodiversity arguably most critical to human livelihoods and to contribute to both global food security and climate resilience, alongside other GBF targets and SDGs. To implement this, engaging the Species Survival Commission group for CWRs could prove useful as they already have the expertise and resources for Red Listing CWRs and may be well placed to lead development. 

Determining conservation priorities
As the interface between scientists and policymakers, prioritisation schemes seek to inform or influence conservation targets and resource allocation at regional, national, and international levels26. Tools used to address this in wild biodiversity conservation are predominantly species-27 or area-based26 (Fig. 2, Stage 2). Species-based tools to inform prioritisation include the Red List, accompanied by schemes like the ‘EDGE of Existence’ programme that identifies Evolutionarily Distinct and Globally Endangered (EDGE) species, and methods for identifying ‘flagship’ or ‘umbrella’ species28. Area-based approaches for informing prioritisation include: Alliance for Zero Extinction (AZE) sites that identify remaining refuges of Endangered and Critically Endangered species; Important Bird and Biodiversity Areas (IBAs) and Important Plant Areas (IPAs) focusing on centres of endemism, habitat, uniqueness, threat, and related important assemblages of species; Key Biodiversity Areas (KBAs) for species and ecosystems, which additionally focus on ecological integrity, biological processes and irreplaceability; and the Species Threat Abatement and Restoration (STAR) metric which assesses the potential of particular actions at specific locations to contribute to global sustainability targets29. 

Several tools and approaches have been developed to aid decision making on prioritising conservation actions. The Integrated Biodiversity Assessment Tool (IBAT) collates data from multiple sources to allow for more informed decisions to be made; however, IBAT does not include data on agrobiodiversity. As a result, decisions made using this tool have an unknown impact on agrobiodiversity, and moreover could result in a net-negative impact for broader biodiversity. Systematic conservation planning also aids decision-making using software such as Zonation, Marxan and CAPTAIN. These tools are aimed at identifying areas that can be protected while meeting wild biodiversity protection goals within budget and balancing the trade-offs between environmental and socio-economic goals. Despite recent developments, to date, there are few examples of agrobiodiversity being integrated into prioritisation and decision tools30. 
Agrobiodiversity species-based methodologies include planning centered on the inclusion of ‘useful plant species’ that are wild-harvested31 and ‘neglected and underutilised species’5. Other approaches proposed for prioritizing useful plant species for conservation action include gap analyses to identify species which are not comprehensively conserved either ex-situ or in-situ32. Area-based approaches which identify agrobiodiversity-rich sites include Globally Important Agricultural Heritage Systems (GIAHS) and Socio-Ecological Production Landscapes and Seascapes (SEPLS)33. Although considered global, these approaches have not been applied evenly and major gaps exist; for example, there are 58 GIAHS in Asia compared to 11 in Africa and five in South America. There are also national scale approaches such as Italy’s Most Appropriate Areas (MAPAs) system which identifies agrobiodiversity hotspots based on landrace and agro-ecosystem diversity and the presence of wild species34, and Peru’s priority sites for on-farm conservation which identify areas with high unique and complementary levels of potato landrace diversity35. Although useful at national scales, the different approaches used make it difficult to draw cross-national comparisons. 

To work effectively for agrobiodiversity, prioritisation tools require data such as: the presence and abundance of unique and threatened agrobiodiversity at inter- and infra-specific levels36; whether the taxa are indigenous to, or domesticated in the area9; and the presence of related wild species allowing for gene flow with CWRs37. These are complemented by regional production trends38 and local knowledge regarding traditional use and biocultural significance39. This is an extensive undertaking and may illustrate why we currently lack a clear understanding of global agrobiodiversity hotspots. This data requirement is exacerbated by the fact that while the geographic range of wild species can be approximated through mapping their extent of occurrence (EOO), area of habitat (AOH)40, or modelling their ecological niche41, crop distributions may be driven by both environmental and other important factors such as technological, socio-economic, historical and cultural aspects42. 

Tools informing conservation prioritisation have sometimes been criticised for failing to consider people31. Wild biodiversity conservation now pointedly considers these social dimensions, exemplified by updated criteria for IPAs that now include ‘useful’ plant species of economic, social, and cultural importance31. Thus, an area-based metric modelled on IPAs may be needed to align agrobiodiversity with complementary and competing conservation prioritisation needs and to increase the benefits of conservation to people. The inextricable link between agrobiodiversity and humans means that agrobiodiversity conservation, and its prioritisation, are more likely to result in conservation of the diversity most beneficial to people, most importantly Indigenous Peoples and Local Communities (IPLCs). Many important genetic reservoirs of agrobiodiversity would not exist without traditional Indigenous food systems and local knowledge around evolving and adapting to changing conditions11. It is therefore vital that IPLCs are involved in designing or co-designing tools for agrobiodiversity conservation prioritisation. Through this, data on associated traditional knowledge, biocultural heritage, preferences on resource uses, and equitability, can be used to prioritise conservation action that is more likely to positively impact livelihoods and preserve local cultures43. 

In-situ Conservation for Agrobiodiversity
Target 3 of the GBF aims to designate 30% of the globe as Protected Areas (PAs) or ‘Other Effective area-based Conservation Measures’ (OECMs) by 2030 (hereafter 30x30). As of yet, application of area-based conservation strategies to conserve agrobiodiversity remain limited (Fig. 2, Stage 3) with agrobiodiversity conservation currently primarily focused on ex-situ approaches such as seed banking and living germplasm collections44. While ex-situ approaches provide an important mechanism for conservation, and have generated exceptional research repositories for certain global crops (e.g., rice, wheat, bananas), for most species they only capture a fraction of the existing infraspecific diversity44. Additionally, these approaches may overlook the traditional knowledge necessary for the successful cultivation and use of species43, and fail to conserve ecological processes such as gene flow that contribute to continued adaptive evolution6. In addition to contributions to sustainable production (GBF Target 10), and benefit sharing (GBF Target 13), already recognised by collaboration with the Plant Treaty, application of in-situ agrobiodiversity conservation could help deliver the 30x30 target by conserving an under-represented component of broader biodiversity. This is concordant with the Convention on Biodiversity’s definition of conservation in relation to domesticated/cultivated species, which targets the “maintenance and recovery of viable populations of species in the surroundings where they developed their distinctive properties.” 

Extensive research into the extent, effectiveness, and historic pitfalls of PAs and OECMs for wild biodiversity conservation45 offers a useful foundation for applying these strategies to provide equitable, effective, in-situ, area-based agrobiodiversity conservation. Although currently there are no agrobiodiversity-focused PAs or OECMs recognised by the World Database of PAs and OECMs (WDPA and WD-OECM), potential candidate areas include the large numbers of SEPLS (287 areas in 68 countries) and GIAHS (86 systems in 26 countries), which identify high agrobiodiversity areas (see section II). Some Biocultural Heritage Territories (BCHTs) which have a primary focus on agrobiodiversity conservation, such as Peru’s Potato Park37, have been successful at conserving high agrobiodiversity and fit PA criteria; however, governing bodies of such areas may not wish to have the area classified as a PA due to the perceived negative social impacts of PAs on IPLCs46. 

OECMs differ from PAs in that conservation does not have to be the primary purpose, as long as a conservation benefit is achieved and accompanied by regular monitoring (IUCN WCPA Task Force on OECMs, 2019). This differentiation means that OECMs are expected to have fewer opportunity costs for local people46. In most cases, in-situ agrobiodiversity conservation better fits OECM rather than PA criteria, where the primary focus could be sustainable food production, stimulation of local economies, or the protection of cultural attributes47. Much global agrobiodiversity is maintained within the local food systems of IPLCs due to the long-term development and evolution of Indigenous practices and knowledge11. BCHTs and Indigenous and Community Conserved Areas (ICCAs), which provide an important global good through agrobiodiversity conservation, therefore highlight potential locations in which to designate agrobiodiversity-focused OECMs. This would highlight the important contribution IPLCs make to conservation, while also protecting Indigenous culture and territorial rights, enabling the continuation of traditional livelihoods, promoting collaboration, and increasing the mutual benefits from conservation by prioritising conservation of environmental assets that communities rely on11. 

Agrobiodiversity-focused OECMs could help reach 30×30 with significant co-benefits for food security, socio-economic development and wider conservation48. Zoning approaches have often been used to create buffers between strict protected areas and human-dominated landscapes, such as in UNESCO biosphere reserves. So far, the primary objective of these buffer zones has been to reduce human pressures on wild biodiversity. Adapting this concept to include agrobiodiversity-focused OECMs as buffer zones around PAs, with the objective of conserving rare and native agrobiodiversity, would enable the benefits of reduced human pressure on wild biodiversity to continue49, while also giving these areas their own role which provides additional benefits (Fig. 3). For example: increases in the total area which contributes towards 30x30; gene flow from wild relatives to promote continual adaptation under climate change; increased resilience of food systems; and maintenance of traditional land management practices of local communities. These benefits are particularly likely where agrobiodiversity conservation enhances yields and resilience of food systems within agrobiodiverse landscapes, or where it can contribute to enhancing yields elsewhere through the protection of high-resilience crop varieties7. Under this situation, economic benefits to the agricultural sector could be shared to support communities managing agrobiodiversity-focused OECMs through incentive schemes. Areas where wild biodiversity and agrobiodiversity hotspots overlap, such as Peru, Chile, Ethiopia and Indonesia12, are likely to be important locations to consider introducing agrobiodiversity-focused OECM buffers. If successfully implemented, agrobiodiversity-focused OECMs could help alleviate potential negative impacts of 30x30 on local livelihoods46. This would make progress towards 30×30 more equitable, better aligned with SDGs, and more achievable for poorer and more agrobiodiverse countries, where food security concerns are often a more urgent priority than wild biodiversity conservation50. In such countries, agrobiodiversity-focused OECMs may receive greater public support compared with increasing PA coverage alone. 

Despite their potential, integrating agrobiodiversity-focused OECMs on a larger scale risks diluting efforts to conserve wild biodiversity51. Such trade-offs could be exacerbated where areas of high agrobiodiversity and biodiversity overlap3, or where agrobiodiversity conservation efforts reduce overall farm or landscape-level yields, displacing production activities into high-value conservation areas with substantial costs to wild biodiversity7. Moreover, a significant portion of agrobiodiversity conservation occurs on smallholder farms52, so area-based agrobiodiversity conservation will require complex coordination of management decisions across larger numbers of stakeholders. Despite the added challenges, such coordination is tractable, as demonstrated in the Mara Naboisho Conservancy, Kenya, where management boards involve 450 elected landowner representatives across ~20,000 ha of land, and outcomes include mutual conservation and livelihood benefits53. Successful implementation must involve incentivising landowners through ensuring fair and equitable benefit, which may be easier in a production landscape where landowners can benefit from produce compared to a strict conservation landscape54. To ensure this approach is not used as a method of shortcutting wild biodiversity conservation commitments, the extent to which agrobiodiversity-focused OECMs can contribute towards 30x30 targets, relative to the proportion allocated to conserving wild biodiversity, needs rapid consideration.

Incentivising sustained conservation
To enable the agrobiodiversity conservation framework to be successful, sustainable funding is required (Fig 2, Stage 4). The global conservation sector operates with an estimated US$78–91 billion per year55, but is underfunded56 and is constantly seeking to leverage additional and more sustainable funding streams57. Payments for Ecosystem Services (PES) provides one such stream, whereby ecosystem service beneficiaries provide compensation to service providers, incentivising the conservation of natural resources that provide a public good58. Examples of PES programmes include Reducing Emissions from Deforestation and forest Degradation in developing countries (REDD+), biodiversity credits, green commodities, voluntary carbon markets, and revenue generated by ecotourism59. The Second Global Plan of Action for PGRFA calls for support for on-farm management and the promotion of crop diversity for sustainable agriculture; however, whilst there has been substantial investment in a subset of globally important crops60, there is a paucity of funding mechanisms to support  farmers who are conserving and managing the diversity of locally-important or underutilised crop species in-situ. An approach derived from PES is ‘Payments for Agrobiodiversity Conservation Services’ (PACS), an incentive mechanism for the conservation of rare on-farm plant and animal genetic diversity61. To date, PACS has been applied at the individual farm level to over 180 rare crop varieties (including maize, quinoa, amaranth, potatoes, and common bean), predominantly in South America62. It has provided benefits to more than 1,600 farmers, 40% of whom are female62. 
Although the implementation of PACS has already been positively demonstrated, there are challenges associated with upscaling this approach over wider geographical areas and compensating a broader cohort of farmers for delivering these benefits63. First, PACS schemes currently require individual assessments to determine which varieties are rare before the scheme can be operationalised. More data are needed to speed up the implementation process61 For instance, an adapted Red List for agrobiodiversity would allow for rare species and varieties to be identified and prioritised for these schemes. Second, determining an appropriate level of reward or compensation is challenging, as different farmers and communities will incur different opportunity costs for conserving different crop varieties64. Making these rewards specific to the local situation is important for fair, equitable, sustainable, and effective conservation and hence conservation tenders have often been used. However, this may not be practical for wide-scale implementation. As conservation tenders have already been applied in multiple contexts across different countries and for different crops, research collating this information could be used to develop proxies for price differentiation at larger scales63. Third, the majority of previous PACS projects have been funded through research grants, which is not sustainable in the long-term. Sustainable funding sources, such as PES funding from private and governmental sectors, are needed to fund PACS schemes long-term so that they can continue to provide benefits64. Increased engagement from agricultural sectors could constitute important strategies for generating greater and longer-term funding65. For example, redirection of harmful subsidies within the agricultural sector is one potential funding avenue for incentive mechanisms such as PACS. Another is to increase the market value of rare crop varieties, this has had some success in South America through local authorities buying products for public institutions such as schools61. Fourth, PACS schemes often require working closely with remote communities, the roll out of larger schemes could be facilitated through collaboration with agricultural extension services. Finally, standardised systems for implementing PACS are required and a starting point for this could be the documentation made available by the Alliance of Bioversity International and CIAT62. 

The agricultural sector has substantially greater turnover than the conservation sector with US$817 billion annually provided by 54 countries to support agriculture between 2019 and 202166. Leveraging even a small proportion of these funds for agrobiodiversity conservation incentive schemes could provide major potential for expansion. This could aid countries less able to focus on wild biodiversity conservation in meeting international conservation targets. Further developing and expanding PACS schemes alongside other funding avenues could facilitate more countries meeting international targets. This includes in-situ agrobiodiversity conservation, food security improvements, revenue diversification, poverty reduction, gender equitable contributions to conservation, maintenance of traditional land management practices, and opportunities to increase broader biodiversity finance through collaboration between conservation and agricultural sectors.

Accelerating agrobiodiversity conservation
Agrobiodiversity is the component of broader biodiversity on which we most directly depend and interact – as illustrated by the world’s two billion smallholder farmers, who collectively provide nutritious food for billions of consumers worldwide, and thus constitute a major component of the global economy. By adapting a wild biodiversity conservation framework for agrobiodiversity (Fig. 2), our approach seeks to unite stakeholders from a wide range of sectors, ultimately promoting a closer link between scientists, policymakers, agricultural extension services, and farmers. Through this, we aim to achieve more equitable conservation planning across multiple-use landscapes, with significant potential to amplify its contribution to international policy commitments. Across all stages of the agrobiodiversity conservation framework: generation of data, determining priorities, active conservation and sustainability of actions (Fig. 2), agrobiodiversity conservation has the potential to contribute directly to 12 targets from the Second Global Plan of Action for PGRFA, 14 Global Biodiversity Framework Targets and 9 Sustainable Development Goals (SDGs) (Fig. 4). By aligning the frameworks for both wild biodiversity and agrobiodiversity conservation, it makes it easier for these two competing priorities to be addressed in unison.
Next Steps

Understand the agrobiodiversity crisis. Adaptation of existing biodiversity metrics to accommodate inter- and infra-specific crop diversity and crop-specific metadata such as production trends, traits, and uses. 

Recognise the distinct contribution of in-situ agrobiodiversity conservation. This is currently largely omitted from both biodiversity conservation portfolios, as well as agricultural development initiatives. There is a need to unify expertise to articulate and evidence the value of agrobiodiversity conservation. 

Integrate agrobiodiversity conservation into spatial conservation planning. With the urgency to reach 30×30 there is a risk that agrobiodiversity conservation may be omitted in favour of taxa or systems for which evidence mechanisms are established and indicators available. However, for high agrobiodiversity nations, area-based agrobiodiversity conservation represents an opportunity to reach 30x30 while delivering a global conservation service. 

Engage additional stakeholders in conservation. Developing collaborations between agrobiodiversity and wild biodiversity conservation may provide an opportunity to engage more of the world’s two billion farmers in conservation, while helping to identify synergies and minimise trade-offs between wild biodiversity conservation and the need for agriculture for food security. This also provides a unique opportunity to leverage finance from the agricultural sector for the conservation of agrobiodiversity. 

Realise cross-disciplinary benefits. While agrobiodiversity conservation can benefit from the lessons learned from wild biodiversity conservation, conservation may benefit from additional expertise on local adaptation and the value of infraspecific diversity derived from agricultural research. 
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Figure legends
Fig 1. Defining agrobiodiversity. We define agrobiodiversity as the subset of broader biodiversity used for food and agriculture. We consider both crop wild relatives and associated agrobiodiversity (on-farm wild biodiversity that co-occurs in agricultural landscapes) to be components of wild biodiversity. These are encompassed in traditional protected areas and OECMs and therefore do not include them when referring to agrobiodiversity. We also do not consider novel genetically modified agrobiodiversity within broader biodiversity. This manuscript considers tools from wild biodiversity that can be applied to agrobiodiversity, as both wild biodiversity and agrobiodiversity contain threatened components that may need conservation effort. 

Fig 2. Towards a joint conservation framework for wild biodiversity and agrobiodiversity. The pipeline and suite of tools used to inform action in biodiversity conservation and how these could be applied to agrobiodiversity conservation. For further information on each of the tools listed see Supplementary Table 1.

Fig 3. Strategic land-use planning for agrobiodiversity conservation. Drawing on concepts of traditional conservation zoning, we propose multi-objective zoning, particularly in locations with high agrobiodiversity, to deliver equitable conservation for wild biodiversity and agrobiodiversity in unison, whilst also meeting food security requirements. In this scenario, the strict protected area would have a primary objective of wild biodiversity conservation, the agrobiodiversity conservation zone would support agrobiodiversity conservation in-situ through collaboration with smallholder farmers, and the production zone would facilitate sustainable intensification of food production. This arrangement offers mutual benefits through the opportunity for gene flow between highly heterogenous smallholder farming systems and wild populations of indigenous crops, and the opportunity for harvesting of wild edible plants where permitted. In addition, farmers who are well supported to conserve agrobiodiversity are also well placed locally and socio-culturally to provide stewardship of adjoining protected areas, buffering against impacts and pressure from more intensively managed landscapes.

Fig 4. Agrobiodiversity conservation policy impact. Identifies how different stages of the agrobiodiversity conservation framework and different tools and approaches used could contribute to meeting targets and goals of three international policy commitments: the Second Global Plan of Action for PGRFA, the Global Biodiversity Framework, and the Sustainable Development Goals. For more detailed information on how these targets and goals can be met though agrobiodiversity conservation see Supplementary Tables 2 and 3.
