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ARTICLE INFO ABSTRACT
Keywords: As a vital component of global food security and ecosystem health, pollinators are essential for sustaining both
Conservation opportunities natural systems and human populations, yet their numbers continue to decline despite extensive conservation

Ecosystem services
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efforts. Although well-known threats such as habitat loss, pesticides, and climate change remain serious con-
cerns, focusing only on well-known threats could overshadow the necessity of re-orienting conservation agendas
to address new pressures and opportunities created by rapidly shifting environmental, technological, and socio-
political landscapes, which have yet to be fully integrated into conservation agendas. We synthesise the findings
of a global rapid assessment that used expert elicitation to identify urgent emerging global threats and oppor-
tunities for pollinators. Emerging threats stemmed from diverse sources, including novel forms of pollution (such
as microplastics, artificial light, heavy metals, and nitrogen oxides) and the compounding effects of well-known
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stressors. Conversely, significant opportunities for pollinator conservation were found in the strategic use of
novel tools and technology for targeted conservation, and in solutions that benefit multiple ecosystem services
through novel land uses. Further research into these key areas will allow us to act early on these findings to better
protect pollinators in the future and preserve the benefits they provide for people and nature.

Introduction

Pollinators provide vital services key to sustainability, biodiversity,
and ecosystem health. A decline in pollinator populations threatens food
production (e.g., fruits, vegetables, and nuts) and ecosystem health
(IPBES, 2016). Research and conservation agendas focus on well-known
global threats to pollinators including habitat loss, pesticides, climate
change, parasites, and other diseases, and invasive species (Brown et al.,
2016; IPBES, 2016; Dicks et al., 2021; Vanbergen et al., 2013; Goulson
et al., 2015). These well-known threats have been the focus of extensive
empirical and policy attention, with mechanisms, impacts, and mitiga-
tion strategies increasingly well understood. However, novel emerging
and region-specific risks require greater recognition than they are
currently receiving to ensure effective conservation.

Our aim is to inform and broaden research agendas and to catalyse
interdisciplinary global engagement with these complex challenges.
Much as climate science relies on early warning systems and scenario
planning, pollinator conservation needs to anticipate under-recognised
and future challenges and opportunities. Evidence is emerging for pre-
viously overlooked sources of impact on pollinators. Drawing on an
expert elicitation involving international pollinator experts (Howard
et al., 2025), we present a synthesis that offers a conceptual perspective
for refining pollinator conservation. We share high-impact, under--
recognised trends that could provide timely insights to guide pollinator
research and conservation between horizon scans. This perspective
provides a framework for anticipating emerging threats and opportu-
nities in pollinator conservation across socio-ecological systems. To
guide policy development for pollinator conservation as early as
possible we must bring lesser-studied, high-impact issues to the forefront
to refine the research focus. Integrating diverse perspectives and disci-
plines will be critical to address these complex challenges. Pollinator
conservation sits at the intersection of ecology, agriculture, technology,
and socio-economic systems, requiring collaboration across environ-
mental science, social science, policy, and local knowledge.

Table 1

Methods

Overall, 23 pollinator experts were contacted and invited to partic-
ipate in the study. These experts were chosen to cover a range of taxo-
nomic pollinator expertise and to broadly represent geographic
knowledge across the continents. A strong coverage of those criteria by
the 10 participating experts is demonstrated in Table 1.

We elicited expert opinion using two consecutive structured ques-
tionnaires. Questionnaire one was designed to elicit a longlist of
emerging and under-researched threats and opportunities for pollinators
over a timeframe of the next 5-15 years. We asked experts to focus on
novel issues that were only beginning to gain attention and to provide
any evidence for their argument. This process generated a longlist of 44
threats and 36 opportunities with associated references (Howard et al.,
2025, Annex 2). This list was collated by removing well-known issues
(those mentioned in the last major horizon scan (Brown et al., 2016) and
consolidating any duplicates. This collated list (Howard et al., 2025,
Annex 3) was alphabetised and used to form questionnaire 2.

For questionnaire two, the same group of experts were asked to score
each listed item based on its novelty, geographical coverage, potential
impact on pollinator populations, and their confidence in their assess-
ment according to the criteria in Table 2. An even number of rankings
were used to reduce fence-sitting. The highest-ranked threats and op-
portunities were then used to guide a review of scientific and grey
literature. Questionnaire two was sent to experts within one month of
sending questionnaire one, and experts were given no more than two
weeks to complete each questionnaire. Overall, ten experts participated
in the survey process, nine in questionnaire two.

From this assessment emerged the most novel and impactful threats
and opportunities, from regional to global scales, according to the ex-
perts. In some, but not all cases, the threats and potential opportunities
are opposing aspects of a similar issue. For example, increasing focus on
net zero initiatives is driving large-scale tree planting efforts; this could
offer a significant opportunity to enhance pollinator biodiversity when
prioritising diverse native species, yet they pose a considerable threat if
tree species are chosen without considering their ecological impact on
floral and nesting resources.

The number of experts (n = 10) participating in the structured questionnaires within each taxonomic and broad geographic area of expertise. Experts could select
multiple geographic regions and taxonomic groups. Both the numerical values and cell shading represent the total count of experts with specific knowledge of each area
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Table 2
Criteria for questionnaire two, the expert scoring process of a longlist of expert-
identified threats and opportunities for pollinators.

Category Rank  Description
1 Well-established (long-recognised, well-studied,
and widely understood)
9 Moderately established (recognised for some time,
but still evolving in understanding)
3 Emerging concern (recently identified as
important, with growing evidence)
Novelty g .
4 New and developing (very recent, with early
research indicating significance)
5 Highly novel (previously unknown, little research,
potential major impact)
6 Completely unknown (no prior evidence, highly
uncertain but potentially significant)
1 Negligible impact (no noticeable effect on
pollinator populations or ecosystems)
9 Low impact (affects some pollinators but with
minimal or localised consequences)
3 Moderate impact (noticeable effects on specific

pollinator species or habitats)

Level of impact High impact (significant effects on pollinator

4 populations or ecosystems, but not widespread)
5 Severe impact (widespread, major consequences
for pollinators and ecosystem services)

6 Critical impact (threatens pollinator survival or

causes irreversible ecosystem disruption)
1 Very localised (affects a single site, farm, or small
habitat)
9 Local (affects a town, city, or small ecological
region)
Level of geographical 3 Regional (impacts multiple regions or an entire
country)

coverage . . .
8 Widespread national (affects pollinators across a

whole country)

Continental (affects pollinators across multiple
countries or ecosystems)

6 Global (worldwide impact on pollinators)

Low confidence (limited or unreliable data,
significant uncertainty)

Moderate confidence (some supporting evidence,

Confidence in 2 but notable gaps remain)
assessment 3 High confidence (strong, well-supported evidence
with minor uncertainty)
4 Near-certain (extensive, reliable data with
minimal uncertainty)
Ethics

Ethical approval for this study was obtained from the University of
Reading Research Ethics Committee (APD Ethical Clearance), reference
number D0016, and participants gave informed consent to participate in
the study.

Results

The analysis revealed emerging threats and opportunities expected
to impact pollinators within the next 5-15 years (Howard et al., 2025).
In no particular order, the topics presented here represent the core
findings warranting greater attention from researchers and
decision-makers. Emerging pollutants were a major theme of important
threats to pollinators; among them microplastics, antibiotics, heavy
metals (e.g., lead, mercury, cadmium), air pollution (e.g., ozone, sulphur
dioxide, and nitrogen oxides) and artificial light. Additional themes
included interactions between threats, for example, pesticide cocktails
and increased severity of wildfires under climate change and habitat
degradation. Additionally, the results revealed emerging opportunities
for pollinator conservation. For example, this included emerging tools
and technologies, including those which could be used for monitoring
and safeguarding pollinators, exploring solutions that benefit multiple
ecosystem services, and beekeeping legislation to protect wild bees,
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particularly in locations surrounding protected areas.
Discussion

We discuss the above results in light of the current literature to align
our results with established evidence. Pollution was a repeated theme
among the results, revealing a complex array of lesser-known pollutants,
from chemical residues to physical contaminants, that extend far beyond
pesticides alone. For example, microplastics are more ubiquitous than
was previously thought (INSIGNIA-EU Consortium, 2024), and pre-
liminary studies suggest hive contamination and negative consequences
for honey bee survival, and growth (Al Naggar et al., 2024). Studies to
date have focused mainly on honey bees (Willcox et al., 2023). Whilst, to
our knowledge, specific pollinating avian species have yet to be inves-
tigated, microplastics have been detected in the bodies of a variety of
other birds (Wang et al., 2025). According to studies in managed birds
(poultry), the negative consequences of microplastic ingestion and
inhalation for avian species can include gut inflammation, tissue dam-
age, and disruption of organ function (Carrasco et al., 2025). Micro-
plastics are also ingested and inhaled by bats, including nectar-feeding
species (Correia et al., 2023). This has been associated with decreased
body mass, but the full effects require further investigation (Cable et al.,
2025). The ubiquity of microplastics suggests research should investi-
gate the threat to all pollinator taxa (Anbumani and Kakkar, 2018),
representing a critical methodological gap in ecotoxicology.

Similarly, residual antibiotics are emerging as a threat to pollinators.
They can contaminate honey bee hives and honey, and exposure to
antibiotics affects bee foraging behaviour, reducing the number of
flower visits, which may impact survival and reproduction (Avila et al.,
2024). Across the continents, antimicrobial resistance is widespread
across mammalian taxa, including bats (Smoglica et al., 2025). There is
evidence of multidrug-resistant and pathogenic bacterial spread from
human to wildlife, for example, flying foxes living proximal to humans
(McDougall et al., 2021). A recent review focusing on bird species
highlighted wild birds as potential reservoirs for antimicrobial resis-
tance as a result of foraging environments polluted with antibiotics (e.g.,
antimicrobial-treated fields or contaminated surface water) (Mbuthia
and Hoza, 2025). Further research is needed for wider pollinating (and
non-pollinating) species (e.g., bumble bees (Avila et al., 2022, 2024),
bats (Smoglica et al., 2025), and birds (Mbuthia and Hoza, 2025), which
could inform strengthened regulations and monitoring, which is
particularly important for regions lacking effective laws and safe prac-
tices for antibiotic use and disposal (Kraemer et al., 2019; Thakur et al.,
2025).

Heavy metals, such as cadmium, mercury, and lead, also affect
pollinator behaviour, health, reproduction, and survival (Monchanin
et al., 2023; Polykretis et al., 2016; Li et al., 2022; Provase et al., 2021).
However, most research on heavy metal pollution and pollinators has
focused on honey bees and a few wild bee species, leaving the full effects
unknown. Lead, mercury, cadmium and arsenic can have biochemical,
histological, and physiological sub-lethal effects on mammals, and can
cause muscle weakness and spasms, even at low doses. For example, a
recent study investigated insectivorous bat species living in urban en-
vironments considered uncontaminated with heavy metals. They found
that cadmium, lead and zinc increased in concentration within the body
of the bats as they aged, and suggested that these metals could pose a
health risk to bats in areas where levels are elevated such as large cities
with high traffic and surrounding mines and smelters (Timofieieva et al.,
2024). This likely includes pollinating bat species. Similarly, negative
effects of heavy metals on bird species, such as decreased reproductive
health due to lead poisoning (Khwankitrittikul et al., 2024), could
extend to pollinating birds. Since heavy metals persist and accumulate
over time, understanding their cumulative impact on pollinator health,
behaviour and survival is a critical area for an expanded research focus.

Airborne forms of pollution, such as ozone, sulphur dioxide, and
nitrogen oxides, are a threat to insects, including pollinators, and recent
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research suggests that even moderate levels of air pollution can reduce
insect health (Ryalls et al., 2022). For example, diesel exhaust and ozone
(O3) can alter the olfaction of bees and flower visitation patterns by
insect pollinators (Vanderplanck et al., 2021; Rollin et al., 2022; Ryalls
et al., 2022). These effects may be particularly accentuated in areas with
few vegetative resources (Coallier et al., 2025). Airborne forms of ni-
trogen oxides may combine with other sources of nitrogen, for example,
fertilisers. Together, this total amount of nitrogen can change the types
of flowers available to pollinators (David et al., 2019; Carvalheiro et al.,
2020). Air pollution has been linked to stress, immunosuppression,
behavioural effects, and respiratory distress and illness in avian species
(Sanderfoot and Holloway, 2017). Studies have found negative associ-
ations between bird abundance and ambient ozone concentrations. For
example, in the United States it is estimated that the decline in ozone
concentrations have averted major loss of avian populations, which may
extend to pollinating species (Liang et al., 2020). This area requires
further investigation, and whilst a broad consensus of the impacts of air
pollution on terrestrial birds is lacking, most studies find at least one
negative consequence (Barton et al., 2023).

An additional emerging form of pollution is artificial light. Nocturnal
pollinators are underrepresented in research, yet artificial light is now
also recognised as a major pollutant to these species (Barentine, 2023),
reducing flower visits by up to 62% (Knop et al., 2017) through
disruption of a moth's life cycle and behaviour (Boyes et al., 2021).
Given the expected expansion of urban areas, as the world’s population
increasingly migrates to cities and towns, light pollution could be
particularly damaging in the future.

Beyond the single-factor threats, the analysis revealed an important
theme: the compounding effects of well-known threats, such as the
interaction between climate change, extreme weather, and habitat
degradation along with the combined impacts of different pesticides. For
example, climate change is altering fire regimes worldwide, driving
increases in their size, severity, frequency, and duration, and shifting
their seasonal timing (Hogendoorn et al., 2021; Dorey et al., 2021; Latty
and Forster, 2024). For ecosystems that have evolved with fire, periodic
burning can contribute to long-term persistence of wild plant and
pollinator communities. However, although research in this area is still
developing, these more extreme wildfires can impact pollinators either
not evolved with fire or not able to adapt to new fire regimes that are
emerging with climate change. Intensified fire activity can damage or
eliminate critical habitats, reducing the availability of floral resources
and nesting sites and forcing pollinators to move further in search of
suitable conditions. For example, nectarivorous birds completely avoid
recently burnt vegetation in South African fynbos (Geerts et al., 2012),
although visitation rates increase again at 6-15 months post-fire
(Mantintsilili et al., 2025). Fragmented landscapes compound these
pressures, where opportunities for refuge, persistence, and recolonisa-
tion are already limited (Dorey et al., 2021). When habitat patches are
small relative to fire size, pollinators lose spatial refuges and cannot
track post-fire floral resources across the landscape (Driscoll et al.,
2021). In small, isolated plant populations, this can create
density-dependent pollination failures where fire-stimulated flowering
fails to improve seed production because of insufficient pollinator access
or low conspecific densities (Beck et al., 2023). Specialist pollinator
species face the greatest risk, as losing key host plants following fire may
result in local extinctions (Latty and Forster, 2024).

Similarly, whilst pesticide pollution remains a well-known threat to
pollinators, the risks associated with pesticide cocktails are poorly un-
derstood. A global analysis of pesticide trends from 1995 to 2020
revealed that the use of insecticides, herbicides, and fungicides is
increasing in Africa and South America, while herbicide use is rising in
North America and Central Asia, and fungicide use is growing across all
Asian regions (Basu et al., 2024). This is concerning, as early research
suggests that certain pesticide combinations, such as fungicides and
insecticides, disrupt metabolic detoxification pathways in some bumble
bees and mason bees, which can lower their tolerance to the active
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ingredients (Basu et al., 2024). Compounding this issue, some regions
have reduced or stopped monitoring pesticide use due to budget cuts or
systemic failures (Kolok et al., 2023), potentially leading to the repeated
use of more toxic insecticides even after pests have developed a resis-
tance. Understanding how pesticide combinations affect wild pollinators
is crucial, particularly in developing nations where food security and
exports are highly dependent on pollinator-reliant crops (Murphy et al.,
2022).

In addition to these emerging threats, our analysis revealed a
promising theme of novel tools and technologies as opportunities for
pollinator conservation. Whilst emerging technologies are not without
their own potential threats to biodiversity (e.g., Sutherland et al., 2021,
2022, 2023, 2024, 2026), these can offer conservation and monitoring
opportunities. Camera traps, audio sensors, remote sensing, and mobile
citizen science apps may enable improved pollinator and habitat
monitoring, for example by detecting threats and providing early
warnings, allowing for non-destructive sampling, and wide or rapid data
collection on pollinator populations and plant-pollinator interactions
(Pringle et al., 2023; Persson et al., 2023). These tools can help identify
the most endangered areas, habitats, and species to guide conservation
efforts (Chaplin-Kramer et al., 2019). Artificial intelligence (AI) acting
as a data-processing layer can improve crop pest detection facilitating
more targeted pesticide use, reducing harm to beneficial insects like
pollinators (Willcox et al., 2023). By employing machine learning to
automate the identification of species in images, Al can transform
massive datasets into real-time conservation insights. Alongside tradi-
tional methods, research and development of novel tools and methods
for conservation and monitoring could inform and streamline conser-
vation efforts for efficient use of time and resources. The majority of
pollinators are flying insects, and many of these remain undescribed, in
particular in tropical regions (e.g. Boyle et al., 2024). A lack of funding
for both taxonomy and field surveys hampers monitoring and conser-
vation of pollinator communities (Taylor et al., 2018). Development of
molecular taxonomy may increase the efficacy of real-time community
assessments using e-DNA, which could facilitate monitoring pollinator
populations worldwide (Leandro et al., 2024). Novel tools and tech-
nologies should be encouraged alongside continued investment in, and
capacity building for, existing monitoring and evaluation efforts. A
critical shortage of taxonomic expertise is particularly problematic in
biodiverse regions of the Global South, where knowledge deficits are
most severe despite these areas hosting unique and often incomparable
fauna (Skaldina and Blande, 2025). Although not discussed in detail
here, the taxonomic impediment represents a long-standing and urgent
challenge rather than an emerging threat. As summarized by Engel et al.
(2021), persistent taxonomic gaps which are fundamental to pollinator
diversity assessment and monitoring, are driven by: “(1) insufficient
recognition of taxonomy as a rigorous scientific discipline by peers and
policy-makers; (2) a critical shortage of well-trained professionals with
strong theoretical and practical expertise; and (3) legal, administrative,
and ideological barriers to the collection and curation of specimens,
without which robust taxonomy cannot be sustained” (Engel et al.,
2021).

A fourth theme resulting from this analysis that warrants greater
research attention was exploring solutions that benefit multiple
ecosystem services. The impacts of modern land conversion, including
net zero tree plantings, indoor farming, and solar parks, depend on
whether pollinator conservation is a core consideration. When pollina-
tion is prioritised alongside other services like carbon capture, and soil
health, these projects can become win-win solutions rather than threats.
Research into nature-based solutions, conserving, protecting, or man-
aging full ecosystems while supporting human well-being (such as urban
green spaces, urban farming, and agroforestry), shows that pollinators
are rarely considered (Rafferty and Cosma, 2024). This is a research and
conservation area which needs broadening to include pollinators,
hopefully enhancing the effectiveness of nature-based solutions.

Our analysis also identified opportunities to reduce the negative



C. Howard et al.

impacts of managed bees on wild populations. A scarcity of available
natural resources can lead to managed bees being moved within or
surrounding conservation areas. This can occur without full recognition
and understanding of the pressures exerted on wild bees by managed
bees through disease spread or competition for resources (Iwasaki and
Hogendoorn, 2022). However, thoughtful planning and a clear under-
standing of ecosystem dynamics can align beekeeping practices with
broader conservation goals (Beaurepaire et al., 2025). Research focusing
on beekeeping effects in and around conservation areas could inform
and support well-designed beekeeping legislation, supported by guide-
lines that recognise wild pollinator diversity and protect their unique
roles.

Conclusions

This synthesis proposes a conceptual framework linking novel pol-
lutants, technological innovation, and multi-service land-use planning
as central pillars for next-generation pollinator conservation. This
assessment provides critical and timely insights to support pollinator
conservation in the period between major horizon scans. The coming
decade will determine whether pollinator declines can be halted or
reversed. The issues identified here highlight research gaps which could
aid conservation efforts to prevent serious future pollinator declines.
These issues span multiple disciplines and bridge ecological research,
technology, policy, and local knowledge. Using these findings to steer
pollinator research could inform conservation planning and improve
pollinator protection. A larger group of experts and a full “horizon
scanning” approach are needed to complete the picture (Brown et al.,
2016). Addressing the research gaps identified here will be key for
developing socially informed and forward-thinking strategies for polli-
nator conservation. Integrating these multidisciplinary insights into new
conceptual frameworks and conservation planning now will be essential
to safeguard pollinators and the services they provide for people and
nature. We hope this synthesis prompts and helps to inform discussion
about whether current conservation approaches are sufficient for the
rapidly changing threats and opportunities facing pollinators.

Ethics

Ethical approval for this study was obtained from the University of
Reading Research Ethics Committee (APD Ethical Clearance), reference
number D0016, and participants gave informed consent to participate in
the study.
Funding

This work was financially supported by Re:wild (Bee:wild).

Data archiving

We intend to store our data on the University of Reading Research
Data Archive.

Declaration of competing interest
The authors have no conflicts of interest.
Acknowledgements

We thank bee:wild (beewild.rewild.org) for supporting the project
and Re:wild (www.rewild.org) for funding it. We thank Tom Breeze
(University of Reading, UK) for help with the questionnaire design. We
thank Matthew L. Forister (University of Nevada, USA) for contribution
of pollinator knowledge. We are grateful for the valuable insight and
input provided by our collaborators at bee:wild - Karen Ziffer and Eva
Kruse - and Re:wild - Matt Foster and Robin Moore.

Perspectives in Ecology and Conservation xxx (Xxxx) xxx
Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.pecon.2026.03.004.

References

Al Naggar, Y., Ali, H., Mohamed, H., Kholy, S.E., El-Seedi, H.R., Mohamed, A., Sevin, S.,
Ghramh, H.A., Wang, K., 2024. Exploring the risk of microplastics to pollinators:
focusing on honey bees. Environ. Sci. Pollut. Res. 31 (34), 46898-46909.

Anbumani, S., Kakkar, P., 2018. Ecotoxicological effects of microplastics on biota: a
review. Environ. Sci. Pollut. Res. 25, 14373-14396.

Avila, L., Dunne, E., Hofmann, D., Brosi, B.J., 2022. Upper-limit agricultural dietary
exposure to streptomycin in the laboratory reduces learning and foraging in
bumblebees. Proc. R Soc. B 289 (1968), 20212514.

Avila, L., McCullough, C., Schiffer, A., Moreno, J., Ganjur, N., Ofenloch, Z., DuPont, T.,
Nottingham, L., Gerardo, N.M., Brosi, B.J., 2024. Effects of a field-sprayed antibiotic
on bee foraging behavior and pollination in pear orchards. Agric. Ecosyst. Environ.
359, 108757.

Barentine, J., 2023. Artificial light at night: state of the science 2023. Zenodo. https://
doi.org/10.5281/zenodo.8071915.

Barton, M.G., Henderson, L., Border, J.A., Siriwardena, G., 2023. A review of the impacts
of air pollution on terrestrial birds. Sci. Total Environ. 873, 162136.

Basu, P., Ngo, H.T., Aizen, M.A., Garibaldi, L.A., Gemmill-Herren, B., Imperatriz-
Fonseca, V., Klein, A.M., Potts, S.G., Seymour, C.L., Vanbergen, A.J., 2024. Pesticide
impacts on insect pollinators: current knowledge and future research challenges. Sci.
Total Environ. 954, 176656.

Beaurepaire, A.L., Hogendoorn, K., Kleijn, D., Otis, G.W., Potts, S.G., Singer, T.L., Boff, S.,
Pirk, C., Settele, J., Paxton, R.J., Raine, N.E., 2025. Avenues towards reconciling
wild and managed bee proponents. Trends Ecol. Evol.

Beck, J., Waananen, A., Wagenius, S., 2023. Habitat fragmentation decouples fire-
stimulated flowering from plant reproductive fitness. Proc. Natl. Acad. Sci. 120 (39),
€2306967120.

Boyes, D.H., Evans, D.M., Fox, R., Parsons, M.S., Pocock, M.J., 2021. Is light pollution
driving moth population declines? A review of causal mechanisms across the life
cycle. Insect Conserv. Diversity 14 (2), 167-187.

Boyle, M.J., Sharp, A.C., Barclay, M.V., Chung, A.Y., Ewers, R.M., de Rougemont, G.,
Bonebrake, T.C., Kitching, R.L., Stork, N.E., Ashton, L.A., 2024. Tropical beetles
more sensitive to impacts are less likely to be known to science. Curr. Biol. 34 (16),
R770-R771.

Brown, M.J., Dicks, L.V., Paxton, R.J., Baldock, K.C., Barron, A.B., Chauzat, M.P.,
Freitas, B.M., Goulson, D., Jepsen, S., Kremen, C., Li, J., 2016. A horizon scan of
future threats and opportunities for pollinators and pollination. PeerJ 4, e2249.

Cable, A.B., Willcox, E.V., Crowley, L.N., Leppanen, C., 2025. First report of
microplastics in the gastrointestinal tracts of North American insectivorous bats.
PeerJ 13, e19740.

Carrasco, L., Jiménez-Mora, E., Utrilla, M.J., Pizarro, 1.T., Reglero, M.M., Rico-San
Roman, Martin-Maldonado, B., 2025. Birds as bioindicators: Revealing the
widespread impact of microplastics. Birds 6 (1), 10.

Carvalheiro, L.G., Biesmeijer, J.C., Franzén, M., Aguirre-Gutiérrez, J., Garibaldi, L.A.,
Helm, A., Michez, D., Poyry, J., Reemer, M., Schweiger, O., Leon van den, B., 2020.
Soil eutrophication shaped the composition of pollinator assemblages during the past
century. Ecography 43 (2), 209-221.

Chaplin-Kramer, R., Sharp, R.P., Weil, C., Bennett, E.M., Pascual, U., Arkema, K.K.,
Brauman, K.A., Bryant, B.P., Guerry, A.D., Haddad, N.M., Hamann, M., 2019. Global
modelling of nature’s contributions to people. Science 366 (6462), 255-258.

Coallier, N., Perez, L., Franco, M.F., Cuellar, Y., Vadnais, J., 2025. Poor air quality raises
mortality in honey bees, a concern for all pollinators. Commun. Earth Environ. 6 (1),
126.

Correia, L.L., Ribeiro-Brasil, D.R., Garcia, M.G., de Melo e Silva, D., Alencastre-Santos, A.
B., Vieira, T.B., 2023. The first record of ingestion and inhalation of micro-and
mesoplastics by neotropical bats from the Brazilian Amazon. Acta Chiropterol. 25
(2), 371-383.

David, T.I., Storkey, J., Stevens, C.J., 2019. Understanding how changing soil nitrogen
affects plant-pollinator interactions. Arthropod-Plant Interact. 13 (5), 671-684.

Dicks, L.V., Breeze, T.D., Ngo, H.T., Senapathi, D., An, J., Aizen, M.A,, Basu, P.,
Buchori, D., Galetto, L., Garibaldi, L.A., Gemmill-Herren, B., 2021. A global-scale
expert assessment of drivers and risks associated with pollinator decline. Nat. Ecol.
Evol. 5 (10), 1453-1461.

Dorey, J.B., Rebola, C.M., Davies, O.K., Prendergast, K.S., Parslow, B.A., Hogendoorn, K.,
Leijs, R., Hearn, L.R., Leitch, E.J., O’Reilly, R.L., Marsh, J., 2021. Continental risk
assessment for understudied taxa post-catastrophic wildfire indicates severe impacts
on the Australian bee fauna. Global Change Biol. 27 (24), 6551-6567.

Driscoll, D.A., Armenteras, D., Bennett, A.F., Brotons, L., Clarke, M.F., Doherty, T.S.,
Haslem, A., Kelly, L.T., Sato, C.F., Sitters, H., Aquilué, N., 2021. How fire interacts
with habitat loss and fragmentation. Biol. Rev. 96 (3), 976-998.

Engel, M.S., Ceriaco, L.M., Daniel, G.M., Dellapé, P.M., Lobl, 1., Marinov, M., Reis, R.E.,
Young, M.T., Dubois, A., Agarwal, I., Lehmann, A.P., 2021. The taxonomic
impediment: a shortage of taxonomists, not the lack of technical approaches. Zool. J.
Linn. Soc. 193 (2), 381-387.

Geerts, S., Malherbe, S.D., Pauw, A., 2012. Reduced flower visitation by nectar-feeding
birds in response to fire in Cape fynbos vegetation, South Africa. J. Ornithol. 153 (2),
297-301.


http://beewild.rewild.org
http://www.rewild.org
https://doi.org/10.1016/j.pecon.2026.03.004
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0005
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0005
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0005
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0010
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0010
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0015
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0015
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0015
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0020
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0020
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0020
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0020
https://doi.org/10.5281/zenodo.8071915
https://doi.org/10.5281/zenodo.8071915
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0030
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0030
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0035
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0035
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0035
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0035
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0040
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0040
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0040
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0045
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0045
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0045
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0050
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0050
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0050
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0055
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0055
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0055
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0055
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0060
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0060
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0060
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0065
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0065
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0065
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0070
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0070
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0070
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0075
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0075
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0075
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0075
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0080
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0080
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0080
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0085
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0085
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0085
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0090
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0090
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0090
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0090
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0095
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0095
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0100
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0100
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0100
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0100
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0105
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0105
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0105
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0105
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0110
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0110
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0110
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0115
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0115
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0115
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0115
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0120
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0120
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0120

C. Howard et al.

Goulson, D., Nicholls, E., Botias, C., Rotheray, E.L., 2015. Bee declines driven by
combined stress from parasites, pesticides, and lack of flowers. Science 347 (6229),
1255957.

Hogendoorn, K., Glatz, R.V., Leijs, R., 2021. Conservation management of the green
carpenter bee Xylocopa aerata (Hymenoptera: Apidae) through provision of artificial
nesting substrate. Austral Entomol. 60 (1), 82-88.

Howard, C., Buchori, D., Carvalheiro, L.G., Hogendoorn, K., Jha, S., Lattorff, H.M.G.,
Ngo, H.T., Seymour, C.L., Senapathi, D., Potts, S.G., 2025. Emerging threats and
opportunities for conservation of global pollinators. Available at: https://www.bee
wild.org/uploads/2025/10/Emerging-Threats-Full-Report.pdf.

INSIGNIA-EU Consortium, 2024. INSIGNIA-EU Legacy Brochure: Preparatory action for
monitoring of environmental pollution using honey bees (Accessed: 29 July 2025).
Available at: https://usercontent.one/wp/www.insignia-bee.eu/wp-content/uplo
ads/2024/12/INSIGNIA-EU-Legacy-Brochure.pdf.

IPBES, 2016. The assessment report of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services on pollinators, pollination and food production.
In: Potts, S.G., Imperatriz-Fonseca, V.L., Ngo, H.T. (Eds.), Secretariat of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services.
Bonn, Germany, p. 552. https://doi.org/10.5281/zenodo.3402856.

Iwasaki, J.M., Hogendoorn, K., 2022. Mounting evidence that managed and introduced
bees have negative impacts on wild bees: an updated review. Curr. Res. Insect Sci. 2,
100043.

Khwankitrittikul, P., Poapolathep, A., Poapolathep, S., Prasanwong, C., Kulprasertsri, S.,
Khidkhan, K., 2024. Species differences and tissue distribution of heavy metal
residues in wild birds. Animals 14 (2), 308.

Knop, E., Zoller, L., Ryser, R., Gerpe, C., Horler, M., Fontaine, C., 2017. Artificial light at
night as a new threat to pollination. Nature 548 (7666), 206-209.

Kolok, A.S., Joseph, N., Propper, C.R., 2023. The US Geological Survey Plans to Severely
Curtail the National Pesticide Synthesis Project. Environ. Toxicol. Chem. 42 (8),
1647-1648.

Kraemer, S.A., Ramachandran, A., Perron, G.G., 2019. Antibiotic pollution in the
environment: from microbial ecology to public policy. Microorganisms 7 (6), 180.

Latty, T., Forster, C., 2024. Like a moth to a flame: the effect of megafires on pollinators
and pollination systems. Curr. Opin. Insect Sci., 101304

Leandro, C., Jay-Robert, P., Pétillon, J., 2024. eDNA for monitoring and conserving
terrestrial arthropods: Insights from a systematic map and barcode repositories
assessments. Insect Conserv. Diversity 17 (4), 565-578.

Li, Z., Qiu, Y., Li, J., Wan, K., Nie, H., Su, S., 2022. Chronic cadmium exposure induces
impaired olfactory learning and altered brain gene expression in honey bees (Apis
mellifera). Insects 13 (11), 988.

Liang, Y., Rudik, L., Zou, E.Y., Johnston, A., Rodewald, A.D., Kling, C.L., 2020.
Conservation cobenefits from air pollution regulation: Evidence from birds. Proc.
Natl. Acad. Sci. 117 (49), 30900-30906.

Mantintsilili, A., Geerts, S., Seymour, C.L., Coetzee, A., 2025. Post-fire flowering
enhances pollinator visitation and may reduce florivory and nectar robbing in
sunbird-pollinated plants. S. Afr. J. Bot. 186, 201-211.

Mbuthia, C.W., Hoza, A.S., 2025. Wild birds as potential reservoirs of antimicrobial-
resistant Escherichia coli: a systematic review. Front. Microbiol. 16, 1615826.
McDougall, F.K., Boardman, W.S., Power, M.L., 2021. Characterization of beta-lactam-
resistant Escherichia coli from Australian fruit bats indicates anthropogenic origins.

Microb. Genomics 7 (5), 000571.

Monchanin, C., Burden, C., Barron, A.B., Smith, B.H., 2023. Heavy metal pollutants: The
hidden pervasive threat to honey bees and other pollinators. Adv. Insect Physiol. 64,
255-288. Academic Press.

Murphy, J.T., Breeze, T.D., Willcox, B., Kavanagh, S., Stout, J.C., 2022. Globalisation and
Pollinators: Pollinator declines are an economic threat to global food systems. People
Nat. 4 (3), 773-785.

Persson, A.S., Hederstrom, V., Ljungkvist, I., Nilsson, L., Kendall, L., 2023. Citizen
science initiatives increase pollinator activity in private gardens and green spaces.
Front. Sustainable Cities 4, 1099100.

Polykretis, P., Delfino, G., Petrocelli, I., Cervo, R., Tanteri, G., Montori, G., Perito, B.,
Branca, J.J.V., Morucci, G., Gulisano, M., 2016. Evidence of immunocompetence
reduction induced by cadmium exposure in honey bees (Apis mellifera). Environ.
Pollut. 218, 826-834.

Perspectives in Ecology and Conservation xxx (xxxx) xxx

Pringle, S., Davies, Z.G., Goddard, M.A., Dallimer, M., Hart, E., Le Goff, L.E., Langdale, S.
J., 2023. Robotics and Automated Systems for Environmental Sustainability:
Monitoring Terrestrial Biodiversity.

Provase, M., Salla, R.F., de Lima, C.R., Abdalla, F.C., 2021. Effects of mercury at field
estimated concentration in brain of Bombus atratus (Hymenoptera: Bombini).
Chemosphere 276, 130198.

Rafferty, N.E., Cosma, C.T., 2024. Sustainable nature-based solutions require
establishment and maintenance of keystone plant-pollinator interactions. J. Ecol.
112 (11), 2432-2441.

Rollin, O., Aguirre-Gutiérrez, J., Yasrebi-de Kom, I.A., Garratt, M.P., de Groot, G.A.,
Kleijn, D., Potts, S.G., Scheper, J., Carvalheiro, L.G., 2022. Effects of ozone air
pollution on crop pollinators and pollination. Global Environ. Change 75, 102529.

Ryalls, J.M., Langford, B., Mullinger, N.J., Bromfield, L.M., Nemitz, E., Pfrang, C.,
Girling, R.D., 2022. Anthropogenic air pollutants reduce insect-mediated pollination
services. Environ. Pollut. 297, 118847.

Sanderfoot, O.V., Holloway, T., 2017. Air pollution impacts on avian species via
inhalation exposure and associated outcomes. Environ. Res. Lett. 12 (8), 083002.

Skaldina, O., Blande, J.D., 2025. Global biases in ecology and conservation research:
insight from pollinator studies. Ecol. Lett. 28 (1), €70050.

Smoglica, C., Carcagni, A., Angelucci, S., Di Tana, F., Marsilio, F., Lopez-Olvera, J.R., Di
Francesco, C.E., 2025. Systematic review and meta-analysis of antimicrobial
resistant bacteria in free-ranging wild mammals. BMC Vet. Res. 21 (1), 150.

Sutherland, W.J., Atkinson, P.W., Broad, S., Brown, S., Clout, M., Dias, M.P., Dicks, L.V.,
Doran, H., Fleishman, E., Garratt, E.L., Gaston, K.J., 2021. A 2021 horizon scan of
emerging global biological conservation issues. Trends Ecol. Evol. 36 (1), 87-97.

Sutherland, W.J., Atkinson, P.W., Butchart, S.H., Capaja, M., Dicks, L.V., Fleishman, E.,
Gaston, K.J., Hails, R.S., Hughes, A.C., Le Anstey, B., Le Roux, X., 2022. A horizon
scan of global biological conservation issues for 2022. Trends Ecol. Evol. 37 (1),
95-104.

Sutherland, W.J., Bennett, C., Brotherton, P.N., Butterworth, H.M., Clout, M.N., Coté, L.
M., Dinsdale, J., Esmail, N., Fleishman, E., Gaston, K.J., Herbert-Read, J.E., 2023.
A global biological conservation horizon scan of issues for 2023. Trends Ecol. Evol.
38 (1), 96-107.

Sutherland, W.J., Bennett, C., Brotherton, P.N., Butchart, S.H., Butterworth, H.M.,
Clarke, S.J., Esmail, N., Fleishman, E., Gaston, K.J., Herbert-Read, J.E., Hughes, A.C.,
2024. A horizon scan of global biological conservation issues for 2024. Trends Ecol.
Evol. 39 (1), 89-100.

Sutherland, W.J., Butchart, S.H., Clarke, S.J., Doar, N.R., Doran, H., Douglas, I.C.,
Field, D.J., Fleishman, E., Gaston, K.J., Herbert-Read, J.E., Hughes, A.C., 2026.

A horizon scan of biological conservation issues for 2026. Trends Ecol. Evol. 41 (1),
91-101.

Taylor, G.S., Braby, M.F., Moir, M.L., Harvey, M.S., Sands, D.P., New, T.R., Kitching, R.L.,
McQuillan, P.B., Hogendoorn, K., Glatz, R.V., Andren, M., 2018. Strategic national
approach for improving the conservation management of insects and allied
invertebrates in Australia. Austral Entomol. 57 (2), 124-149.

Thakur, R., Singh, A., Dhanwar, R., Kadam, S., Waghmare, U., Lodha, T., Lopes, B.S.,
Prakash, O., 2025. Global perspectives on residual antibiotics: environmental
challenges and trends. Discover Sustainability 6 (1), 232.

Timofieieva, O., Labecka, A.M., Vlaschenko, A., Shulenko, A., Laskowski, R., 2024. Trace
metal accumulation with age in bats: a case study on Pipistrellus kuhlii lepidus from
a relatively unpolluted area. Environ. Sci. Pollut. Res. 31 (57), 65638-65647.

Insect Pollinators Initiative, Vanbergen, A.J., 2013. Threats to an ecosystem service:
pressures on pollinators. Front. Ecol. Environ. 11 (5), 251-259.

Vanderplanck, M., Lapeyre, B., Brondani, M., Opsommer, M., Dufay, M., Hossaert-
McKey, M., Proffit, M., 2021. Ozone pollution alters olfaction and behavior of
pollinators. Antioxidants 10 (5), 636.

Wang, M., Zhou, P., DuBay, S., Zhang, S., Yang, Z., Wang, Y., Zhang, J., Cao, Y., Hu, Z.,
He, X., Wang, S., 2025. Assessing microplastic and nanoplastic contamination in bird
lungs: evidence of ecological risks and bioindicator potential. J. Hazard. Mater. 487,
137274.

Willcox, B.K., Potts, S.G., Brown, M.J., Alix, A., Al Naggar, Y., Chauzat, M.P., Costa, C.,
Gekiere, A., Hartfield, C., Hatjina, F., Knapp, J.L., 2023. Emerging threats and
opportunities to managed bee species in European agricultural systems: a horizon
scan. Sci. Rep. 13 (1), 18099.


http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0125
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0125
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0125
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0130
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0130
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0130
https://www.beewild.org/uploads/2025/10/Emerging-Threats-Full-Report.pdf
https://www.beewild.org/uploads/2025/10/Emerging-Threats-Full-Report.pdf
https://usercontent.one/wp/www.insignia-bee.eu/wp-content/uploads/2024/12/INSIGNIA-EU-Legacy-Brochure.pdf
https://usercontent.one/wp/www.insignia-bee.eu/wp-content/uploads/2024/12/INSIGNIA-EU-Legacy-Brochure.pdf
https://doi.org/10.5281/zenodo.3402856
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0150
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0150
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0150
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0155
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0155
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0155
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0160
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0160
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0165
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0165
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0165
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0170
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0170
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0175
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0175
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0180
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0180
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0180
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0185
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0185
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0185
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0190
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0190
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0190
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0195
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0195
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0195
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0200
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0200
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0205
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0205
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0205
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0210
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0210
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0210
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0215
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0215
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0215
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0220
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0220
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0220
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0225
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0225
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0225
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0225
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0230
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0230
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0230
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0235
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0235
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0235
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0240
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0240
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0240
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0245
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0245
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0245
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0250
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0250
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0250
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0255
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0255
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0260
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0260
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0265
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0265
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0265
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0270
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0270
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0270
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0275
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0275
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0275
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0275
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0280
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0280
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0280
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0280
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0285
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0285
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0285
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0285
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0290
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0290
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0290
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0290
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0295
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0295
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0295
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0295
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0300
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0300
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0300
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0305
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0305
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0305
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0310
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0310
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0315
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0315
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0315
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0320
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0320
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0320
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0320
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0325
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0325
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0325
http://refhub.elsevier.com/S2530-0644(26)00035-0/sbref0325

	Moving beyond the known: Identifying conceptual gaps, emerging threats, and novel opportunities for global pollinator conse ...
	Introduction
	Methods
	Ethics

	Results
	Discussion
	Conclusions
	Ethics
	Funding
	Data archiving
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


