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Insect monitoring is pivotal for assessing biodiversity and informing conservation strategies. This study delves into the complex
realm of insect monitoring in the Global South—world developing and least-developed countries as identified by the United
Nations Conference on Trade and Development—highlighting challenges and proposing strategic solutions. An analysis of
publications from 1990 to 2024 reveals an imbalance in research contributions between the Global North and South, highlight-
ing disparities in entomological research and the scarcity of taxonomic expertise in the Global South. We discuss the socio-
economic factors that exacerbate the issues, including funding disparities, challenges in collaboration, infrastructure deficits,
information technology obstacles and the impact of local currency devaluation. In addition, we emphasize the crucial role of
environmental factors in shaping insect diversity, particularly in tropical regions facing multiple challenges including climate
change, urbanization, pollution and various anthropogenic activities. We also stress the need for entomologists to advocate for
ecosystem services provided by insects in addressing environmental issues. To enhance monitoring capacity, we propose strat-
egies such as community engagement, outreach programmes and cultural activities to instill biodiversity appreciation. Further,
language inclusivity and social media use are emphasized for effective communication. More collaborations with Global North
counterparts, particularly in areas of molecular biology and remote sensing, are suggested for technological advancements. In
conclusion, advocating for these strategies—global collaborations, a diverse entomological community and the integration of
transverse disciplines—aims to address challenges and foster inclusive, sustainable insect monitoring in the Global South, con-
tributing significantly to biodiversity conservation and overall ecosystem health.

This article is part of the theme issue ‘Towards a toolkit for global insect biodiversity monitoring’.
oc.B
379:20230102
1. Introduction
Insects play critical roles in shaping habitat dynamics [1], providing a broad range of ecosystem services [2,3], serving as integral com-
ponents of the food webs and pollinating major food sources across the globe [4–7]. As with biodiversity worldwide, declining insect
populations are of global concern as insect communities are indispensable for global sustainability and human development [4,5].
This decline is particularly pronounced in the tropics, home to more than 3.9 million of the approximately 5.5 million insect species in
theworld [4]. Furthermore, while insects constitute the predominant segment ofmacroscopic terrestrial animal life and insect pollinators
contribute tomore than one-third of global crop production [6], our comprehension of insect responses to anthropogenic threats remains
poor. Therefore, to ensure that insects are protected and conserved, there is a need to understand past population trends in response to
stressors, and for a greater understanding of insect biology and ecology [5] and how insect populations are currently changing. As such,
there is an urgent imperative for sustained, comprehensive monitoring, especially in substantially under-sampled regions, such as the
Global South1, to add to the paucity of global invertebrate conservation literature [4,8], and to ascertain the applicability of findings
from temperate studies, which currently provide robust empirical support for these alarming declines in insect populations [8–10].

Given the potential heightened sensitivity of insects to climate change, it is important to allocate increased attention to their
study [4,8]. The identification of key functional arthropod taxa in tropical terrestrial and aquatic habitats through functional
traits provides a basis for developing long-term monitoring programmes [2]. These programmes should prioritize collaboration
with local researchers and be adaptable to the specific challenges faced in the Global South, ensuring inclusivity and sustainability
[9,11,12]. By advocating for tailored approaches and addressing these challenges, we can foster a more equitable distribution of
knowledge and contribute to conserving vulnerable species and habitats in these regions [10,12].

Recently, Lamarre et al. [10] and Slade & Ong [12] underscored the following key challenges in insect biomonitoring within tropical
regions. Among these, a primary obstacle is the extraordinary diversity of insect species in tropical ecosystems, presenting a formidable
challenge for their comprehensive identification and monitoring. Compounding this, the scarcity of taxonomic expertise [13] and
resources in many tropical countries further impedes the identification and monitoring of insect species [14]. The logistical complexities
associatedwithworking in remote andchallenging-to-reach tropical ecosystems, suchas forests in outlyingmostly inaccessible areas, add
a layer of difficulty to insect monitoring initiatives [14]. Additionally, establishing and maintaining long-term, continuous monitoring
programmes can be resource-intensive, demanding sustained funding commitments that are often unable to be met by local budgetary
allocations. Lastly, the active involvement of local communities and stakeholders becomes paramount for garnering support for
conservation endeavours and ensuring the enduring sustainability of monitoring programmes through conservation policy [15].

Considering these challenges, our review paper aims to give voice to local researchers in the Global South grappling with the
intricacies of insect monitoring research. This paper seeks to use their insights as a catalyst for fostering inclusive collaborations,
shedding light on unique socio-economic cases that influence the development of standardized methodologies. Moreover, we aim
to provide viable opportunities that resonate with the perspectives of local researchers and communities, facilitating the creation of
localized biomonitoring programmes. Through a series of structured interviews and discussions among Global South experts, we
endeavour to uncover region-specific concerns and potential solutions (see box 1). The paper underscores the urgency of addres-
sing these challenges and leveraging the opportunities to advance insect monitoring in the most diverse regions in the world and
how these efforts can be supported worldwide.
2. Challenges in insect monitoring
In recent years, the field of insect biomonitoring within tropical regions has faced significant challenges [10,12]. Understanding
these challenges is crucial for unravelling the complexities of insect dynamics, stemming from the extraordinary diversity of



Box 1. Structured survey protocol.

To comprehensively capture diverse perspectives on insect monitoring across the Global South, authors Dr M. Sánchez-
Herrera and Dr K. Kemabonta coordinated a comprehensive survey within the entomological community, and all
respondents actively participated as co-authors in crafting this review paper. The survey delved into key aspects, including
prevalent insect monitoring methods, their efficacy in respective regions, encountered challenges, and the impact of environ-
mental or socio-economic factors on monitoring initiatives. Participants were asked about necessary resources and support to
fortify insect monitoring efforts, highlighting specific species or groups of concern, valuable research papers, access to
unpublished data and engagement of local organizations in monitoring or conservation. Regulatory or policy issues were
explored, along with suggestions for collaborations and insights into technological adoption challenges or opportunities.
A total of 22 colleagues from diverse regions across the Global South shared their perspectives, enriching the depth and
breadth of our collective vision presented in this paper.

The following 11 open-ended suggestions were explored using the Google Forms platform:

1. Prevalent insect monitoring methods: Exploring the effectiveness of methods used in different regions.
2. Encountered challenges: Identifying main limitations faced during insect monitoring activities.
3. Impact of environmental or socio-economic factors: Assessing how specific factors affect insect monitoring in various

areas.
4. Needed resources and support: Gathering insights on what is required to enhance insect monitoring efforts.
5. Concerns about specific insect species or groups:Highlighting species or taxonomic groups of concern and the reasons

behind the concerns.
6. Valuable research papers: Identifying peer-reviewed publications related to insect monitoring in the Global South.
7. Access to unpublished data: Exploring the availability of data or case studies that could contribute to understanding

insect monitoring.
8. Involvement of local organizations: Sharing information about organizations, communities or initiatives actively

engaged in insect monitoring or conservation.
9. Regulatory or policy issues: Addressing any issues that need attention or improvement concerning insect monitoring.

10. Suggestions for collaborations: Providing insights into potential collaborations or partnerships to enhance monitoring
efforts.

11. Challenges or opportunities related to technology adoption: Highlighting specific technological challenges or oppor-
tunities for insect monitoring in different regions.

The figure below shows word clouds for the suggestions provided by the author participants.

Box figure 1. Wordle word clouds of the raw suggestions (1–5) of the Google Forms questionnaire.
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insect species within tropical ecosystems. This diversity poses a formidable challenge for comprehensive insect identification and
monitoring. Examining the Web of Science Core Collection from 1990 to 2024, we extracted the number of sources for the following
two combinations of keywords: (i) ‘insect biodiversity biomonitoring’ and (ii) ‘insect decline tropics’ (see details in electronic sup-
plementary material, S1). We obtained a total of 135 publications for the first combination and 80 publications for the second
(figure 1; electronic supplementary material, S1). Interestingly, when we look at the country of origin, we see that approximately
70% of these sources are contributions from the Global North and only approximately 30% from the Global South (figure 1), which
points out the imbalance in entomological research and publication. As discussed previously, the scarcity of taxonomic expertise
and resources in many tropical countries, part of the Global South, compounds this difficulty, hindering the effective identification
and monitoring of insect species. However, our perspective from the Global South highlights important and unique environmental
and socio-economic issues that underlie the systemic challenges that limit resources and expertise for biodiversity biomonitoring,
particularly of arthropods, in this region of the world.

(a) Socio-economic factors
One primary concern among researchers in the Global South is the inconsistent funding landscape, particularly from government
sources, which is crucial for sustaining long-term biomonitoring efforts. The disparity in scientific investment across countries is
stark, as evidenced by data on research and development expenditure as a percentage of gross domestic product (GDP) sourced
from the United Nations Educational, Scientific and Cultural Organization (UNESCO) Institute for Statistics at the World Bank
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Figure 1. Discrepancies between the entomological publication records of the Global North and Global South based on keyword searches in the Web of Science Core
Collection: (a) ‘insect biodiversity biomonitoring’ and (b) ‘insect decline tropics’. Each panel displays the total number of sources, pie charts representing the Global
North and Global South, the number of publications by country, and the countries contributing the most to the recovered sources. (Data source: Web of Science Core
Collection 1990–2024’ electronic supplementary material, S1.)
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(figure 2). Tropical countries, on average, allocate approximately 3 percentage points less of their GDP to scientific endeavours
compared with countries such as the United States, Japan, the UK and The Netherlands. Only Brazil and Malaysia among
Global South nations invest more than 1% of their GDP in scientific and technological pursuits, with Brazil leading in publication
records related to insect monitoring (figure 1). However, lack of continuous data on research investments in some regions, for
example Indomalaya and Africa, highlights the challenge in obtaining comprehensive insights. While countries like India and
South Africa provide significant data, many others lack transparency or face limitations in data availability, especially during
disruptive events like the pandemic, which saw a significant decrease in investment across the Global South (figure 2).

Moreover, socio-economic factors exacerbate the funding shortfall for insect-related research. In terms of GDP, developing
countries, despite hosting a significant portion of the global biodiversity, often spend less than 50% of the global average expenditure
on biodiversity conservation [16]. This financial constraint extends to academic institutions, where researchers often struggle to secure
funding and access essential resources for their work. Unlike their counterparts in developing countries, researchers in the Global
South face limited opportunities for private funding [17], or for government grants dedicated to support insect-related research
[12]. For example, in many Caribbean countries, long-term arthropod vector monitoring and control, and training of personnel in
vector taxonomy and biology, are fiscally unsustainable and therefore often require external support [18].

This reliance on external support further perpetuates inequalities in research capacity, with academics from the Global South
competing for resources against better-equipped counterparts from the Global North. Existing collaboration models, while offering
opportunities, often fail to address local research capacity-building needs and may perpetuate dependency rather that fostering
sustainable growth. In countries in Asia and Africa these collaborations may promote sending samples abroad, ‘parachute or heli-
copter research’, where foreign researchers visit countries for short periods and then leave, or advocate for locals to collect and
send samples abroad, and/or for field research sites run by external researchers, or lure top local researchers from existing national
institutes and universities with offers of greater incentives [19].

At the national level, the funding deficit severely impacts research infrastructure and capacity-building initiatives, hindering
access to essential equipment, technology and training opportunities [20,21]. This lack of resources is particularly evident in
fields like taxonomy and natural history, essential for insect identification and conservation efforts in tropical regions [12,22]. Fur-
thermore, inadequate investment in information technology infrastructure and data management systems hampers data collection,
storage and sharing efforts, essential for effective insect biomonitoring. The absence of standardized protocols and incentives for
data sharing (e.g. the Global Biodiversity Information Facility, GBIF) further exacerbates this challenge, limiting collaboration and
hindering the advancement of collective knowledge [23,24]. Finally, currency devaluation adds another layer of complexity, affect-
ing the purchasing power of research budgets and exacerbating financial constraints, especially compared with agencies in the
Global North with stronger currencies (e.g. US dollar, Euro, pound Sterling).

In conclusion, addressing the multifaceted challenges faced by tropical regions in insect biomonitoring in tropical regions
requires collaborative efforts, sustainable funding mechanisms, and strategic investments in education, research and technological
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infrastructure. Only through comprehensive approaches can these regions overcome socio-economic barriers and pave the way for
effective and sustainable insect monitoring, crucial for biodiversity conservation in critical ecosystems.
(b) Environmental factors
The prevailing environmental conditions significantly shape insect biomonitoring efforts worldwide, particularly in tropical regions
facing various environmental challenges [20]. Climate change, alongside issues like urbanization [24], land use conversion [25], pol-
lution and poverty [26,27], presents complex obstacles to biodiversity preservation. Tropical areas, home to the majority of global
biodiversity, are crucial for carbon sequestration and habitat preservation [27]. As such, there is a growing emphasis on research
and development expenditure in these regions, driven by international agendas like the sustainable development goals (SDGs).
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Central and South America exemplify regions facing significant environmental pressures. In Central America, climate change
exacerbates vulnerabilities, prompting initiatives for climate resilience. The focus here is on enhancing resilience to climate change
through initiatives such as the Central America Commission for Environment and Development’s Regional Environmental Frame-
work Strategy 2020–2025 and collective initiatives within the Caribbean Community (CARICOM). Additionally, the Green Climate
Fund supports projects like geothermal resource development in several Caribbean nations, while Guyana’s Sovereign Wealth
Fund aims to transform Bartica into a green town, highlighting the need for increased support for biodiversity research in the
region [20,28]. South America, home to diverse ecosystems like the Amazon Basin and páramos, confronts threats from urbaniz-
ation, mining, agriculture and deforestation [29]. In Latin America, the fastest urbanizing region of the world [30], where urban
population has surpassed rural since the 1980s [24], inadequate urban planning and sanitation practices (common direct disposal
of sewage into natural waterways in the area, [31]) pose significant risks to both human populations and ecosystems supporting
rich insect diversity [32]. Colombia, despite overcoming internal conflict, faces challenges in biodiversity exploration. Post-peace
treaty, the ColombiaBio (https://minciencias.gov.co/portafolio/colombia-bio) programme emerged, promoting biodiversity con-
servation, management and sustainable use. However, funding limitations due to COVID-19 and subsequent government changes
hinder continuous biomonitoring observation. Deforestation within Colombian Protected Areas and buffer zones has also surged
post-conflict, challenging assumptions about automatic biodiversity protection [33]. Conversely, Brazil has been active in climate
diplomacy and has hosted several international summits on climate change. However, recent political ideologies in government
relaxed environmental laws and regulations, which is a cause for concern given the string of ecological disasters that Brazil has
experienced in recent years [28,34]. The UNESCO Science Report calls for greater environmental monitoring in Brazil, as severe
environmental crises have occurred owing to insufficient monitoring and prevention systems [20].

In Southeast Asia, rapid urbanization and high energy demands heighten vulnerability to climate change [35]. Bhutan’s com-
mitment to environmental conservation, guided by the Gross National Happiness philosophy, offers a model for sustainable
development [20]. By contrast, countries like Bangladesh prioritize technological solutions to mitigate environmental challenges,
reflecting diverse approaches within the region [20]. Moreover, India has made significant strides in promoting clean energy and
reducing carbon emissions, and the latest UNESCO science report suggests that the country is actively promoting sustainable
development and addressing environmental challenges. In Africa, biodiversity loss poses significant challenges to rural liveli-
hoods, particularly for women. Conservation efforts, such as improved land use practices and investment in smallholder
farmers, are critical for addressing food security and preserving ecosystem services [36].

As entomologists within and outside the tropical region, we should advocate for the crucial ecosystem services that insects
provide for the surveillance and monitoring of various environmental issues [1–3,7,37,38]. Our expertise and research play a pivo-
tal role in understanding and addressing the complex interplay between insects, climate change and the overall health of
ecosystems, emphasizing the need for continued support and collaboration in preserving the invaluable biodiversity within
these extremely biodiverse regions.
(c) Ongoing biomonitoring programmes and logistic complexities
In the domain of insect monitoring, diverse approaches and effectiveness are evident across different regions, as highlighted in
figure 3 [39]. Focal groups, notably charismatic taxa like Lepidoptera (i.e. diurnal butterflies, skippers and moths) [32,41–46]
and beetles (mostly dung beetles) [47–53], have been extensively studied, utilizing effective collection and observational survey
methods that allow the establishment of standardized protocols replicable over time [54–56]. Substantial progress has also been
achieved in freshwater monitoring programmes, with the immature stages of various aquatic orders playing a pivotal role
[32,41,42,44,45,57–59]. Noteworthy biodiversity monitoring efforts in India, utilizing camera traps and portable photography
devices like smartphone-macro lens setups, have significantly enhanced regional biodiversity documentation [60].

Despite these advancements, challenges persist in species identification, especially in insect groups for which there is limited
expertise available [22,61,62]. While taxonomic knowledge has grown through international collaborations, this progress remains
uneven across the vast diversity found in tropical ecosystems [63]. In Latin American countries like Panama and Brazil, biomoni-
toring programmes have seen an increase, driven by strong local taxonomical expertise and long-term collaborative initiatives like
the Forest Global Earth Observatory (ForestGEO) programme run by the Smithsonian Tropical Research Institute [64]. For the
Brazilian case, state organizations like the Compahia Ambiental do Estado de São Paulo (CETESB) are sponsoring a macroinver-
tebrate monitoring programmes. Other federal units like the Chico Mendes Institute for Biodiversity Conservation (ICMBio) is
implementing the MONITORA programme (https://www.gov.br/icmbio/pt-br/assuntos/monitoramento), which aims to
strengthen the dialogue around environmental issues through the sharing of information and the formulation of questions invol-
ving researchers, area managers and communities. A set of procedures has been established to gather data using simple, low-cost
techniques, prioritizing the participation of local actors, accompanied by the sharing of analyses and collective interpretation of
results. In addition, the multidisciplinary Synergize network (https://synergize.xibe.org/about/) focused on understanding
the human-driven and climate-associated disturbances affecting the Brazilian Amazon aquatic and terrestrial biodiversity by gath-
ering community-level datasets on insects, particularly ants, dung beetles [65,66] and aquatic insects [14]. In East Africa, the Kibale
National Park in Uganda has documented a decline in arthropod abundance over almost four decades, with a significant decrease
in the moderately logged forest area. Various factors, including temperature increase, changes in mammal species, forest structure
and landscape alterations outside the park, contribute to the complexity of understanding the drivers of these changes, highlight-
ing the need for long-term, multidisciplinary conservation efforts [67]. However, in other regions, like West Africa and the
Indomalaya region, local researchers face obstacles such as the lack of systematic guidelines for monitoring programmes,
the absence of taxonomical expertise to create baseline data for local insect checklists, limited access to expensive entomological
equipment supplies, and insufficient analytical data and communication skills for publication in scientific journals.

https://minciencias.gov.co/portafolio/colombia-bio
https://www.gov.br/icmbio/pt-br/assuntos/monitoramento
https://synergize.xibe.org/about/


Figure 3. Focal taxa and effective collecting of data for monitoring insects in the tropical region. HLC, human landing catch. See [11,37,39,40].
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Furthermore, researchers in the Global South express concerns about the logistical complexities of working in remote tropical
forests. Some highlight issues related to limited personnel and to local infrastructure, such as inaccessible terrain with no access
roads, making it prohibitively expensive to transport researchers and equipment, hindering the establishment and maintenance of
long-term monitoring programmes. For example, the probability to do research in the Brazilian Amazon relies heavily on the
accessibility and proximity to research facilities [14]. Others point to security risks, such as the fear of local communities in
Peru regarding extracting natural resources and limiting access to their terrains. In Colombia, local social unrest and conflicts
over illegal crops contribute to challenges in accessing key areas. In countries where conflict zones exist, night-time
fieldwork is particularly dangerous, preventing the capture of night insect behaviours, including those of important functional
groups like moths.

Besides insect biodiversity monitoring, entomological surveillance significantly contributes to regional public health, particu-
larly in monitoring vector-borne diseases like malaria, dengue, Zika and chikungunya. A study in Rio de Janeiro’s Parque Estadual
dos Três Picos (PETP) focused on identifying culicids to assess arbovirus circulation risk, revealing vectors such as Aedes fluviatilis,
Aedes scapularis, Haemagogus leococelaenus and Culex spp. [68]. Continuous surveillance in ecotourism parks is emphasized. In
Ghana, another study assessed the efficiency of entomological markers in arbovirus infection risk, highlighting the significance
of insect-specific viruses [69]. In Thailand, a study conducted entomological surveillance within 72 h of reported dengue cases,
detecting Zika virus (ZIKV) RNA and dengue viruses (DENV-1 and DENV-4) in Aedes aegypti samples [70]. Despite advancements
in molecular tools for epidemiological monitoring, exemplified in studies like Laroche et al. [37], the need for enhanced
entomological surveillance persists, especially considering the challenges posed by climate change and global connectivity.

In the realm of biomonitoring programmes for agriculturally significant pest species, substantial investments and funding from
multidisciplinary institutions have been made [71]. However, the dissemination of information regarding these practices to local
farmers in certain tropical regions appears scattered. A case in point is the Tropical Whitefly Integrated Pest Management (IPM)
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Project [72], launched in 2007 as a global initiative by research institutions worldwide. This project aimed to tackle the manage-
ment of whiteflies, including Trialeurodes vaporariorum, Bemisia afer, and four cryptic species of the Bemisia tabaci complex, as pests
and vectors of plant viruses in the tropics. In South America, the dynamics of these whiteflies have evolved significantly, with
T. vaporariorum emerging as a major greenhouse and field crop pest, B. afer causing issues in Peruvian lowlands, and B. tabaci
strains adapting to monocropping practices and pesticide use. The recent invasion of the species B. tabaci MED (= Mediterranean)
in countries like Argentina, Brazil and Uruguay further adds to the challenges. Molecular analyses have played a crucial role in
identifying these species.

However, the implementation of IPM in developing countries encounters challenges owing to confusion about the actual scope
of the multifaceted nature of whitefly management. While most strategies underscore the importance of understanding whiteflies’
behaviours and preferences, the inclusion of cultural, biological and chemical control strategies can be perplexing for local farmers.
Advocating for an integrated approach becomes imperative for effective and sustainable pest control, especially in the face of new
challenges posed by invasive species. It is crucial to ensure that efforts focus on mitigating constraints and fostering broader
adoption, thereby maximizing positive impacts on sustainable agriculture and pest management [73].

The sustainability of biodiversity, public health surveillance and agricultural biomonitoring programmes hinges not only on
sustained funding commitments and active involvement from local communities and stakeholders [10,12,15] but also on the rec-
ognition of these challenges by the entire entomological community. This acknowledgement can pave the way for advocacy and
support for local researchers grappling with these hurdles.
.Soc.B
379:20230102
3. Opportunities for advancement
Building on the challenges identified by local researchers in the Global South, we present strategies to enhance monitoring capacity
in this region. The initial crucial step is the acknowledgement of our local challenges. When the entomological community com-
prehends and recognizes the specific requirements for enhancing local monitoring programmes across this region, it sets the stage
for robust collaboration and partnerships with local researchers to overcome the challenges.

Now more than ever, engaging local communities and stakeholders in understanding the vital ecosystem services provided by
insect and arthropod communities is crucial. In addition, we need to start working on transverse disciplines (e.g. conservation
psychology) that can allow us to evaluate human perceptions towards insects and their ecosystem services across diverse
group cultures and communities to better build stakeholder and public advocacy conservation strategies for insects [74,75].

As highlighted earlier, many countries in the Global South face challenges in funding science, particularly biodiversity and
monitoring programmes, owing to historical or socio-economic factors. While much of the research in these regions has been
driven by international collaborations and private academic institutions, the question arises: is this information reaching
beyond the scientific community? Citizen science allows the non-scientist public to participate in and contribute to scientific
research and brings them closer to science. This contributory model of citizen science brings together scientists and other
members of the general populace to collect and process data and to discuss and make meaningful data-driven decisions on threats
to biodiversity and the environment [76,77]. This crowdsourcing, contributory model in the research effort, viz. ‘public partici-
pation in scientific research’ as described in Shirk et al. [78], has grown over the years and has proven to be an invaluable
collaborative effort among various stakeholders for collecting and tracking large-scale ecological and biodiversity data across mul-
tiple geographical regions, which would not have been possible using conventional research methods [79]. Thus, citizen
science was used on a large scale to monitor global insect populations, thereby providing a feasible way to address the gap in
data for most insect taxa across the world [1,2] for outcomes ranging from research to building community-level capacities for con-
servation action and policy-making [78]. It should be noted that, although there are a handful of global insect monitoring
initiatives currently, such as Global Butterfly Monitoring, Wide Pollinator Monitoring and Global Mosquito Alert [79], there are
challenges, such as a disconnect with scientists and a lack of resources in the Global South [80] and many of the well-developed
national-level monitoring programmes exist primarily in Europe and North America [79], leading to a taxonomic and geographical
bias in data collected [80]. Therefore, there is an urgent need to further develop these programmes with local experts in the Global
South. It is noted that platforms like iNaturalist (https://www.inaturalist.org) are widely being used in Latin American countries;
however, there is still a lack of integration in Asia and Africa. One of the most significant issues is that these platforms suffer from
biased data owing to the heavy contributions from the Global North [81]; facilitating the engagement of local experts on these
platforms and integrating them with local initiatives (e.g. Butterflies of India, https://www.ifoundbutterflies.org/) will increase
their global impact. Further long-term engagement of these stakeholders is essential to contributing to the meaningful assessments
of biodiversity change [79].

While we actively work on building local expertise capacity through citizen science, it is equally important to empower local
communities to appreciate their biodiversity, integrate it into their way of life and foster sustainable strategies in agriculture, eco-
tourism and industrial innovation. Implementing outreach programmes targeting the public through cultural activities can serve
as a valuable approach to enhancing public knowledge about the ecosystem services provided by this megadiverse group of
insects. Recently in Colombia, non-profit organizations and local governments have been interested in the organization of cultural
events that bring citizens together from different cities within the country that highlight insect biodiversity. Here are some
examples: Insectopolis [82] is a one-week lecture-based opportunity for non-academics, amateurs and academics to interact
around entomological topics and is mainly hosted in public libraries around Cali, Valle del Cauca; Festival ARTropodo is an
annual Bug Film Festival to showcase the fascinating and diverse world of insects and other arthropods through the art of
cinema, while fostering appreciation and understanding of these often misunderstood creatures (https://www.masuyfunda-
cion.org/en/festivalartropodo); and LepiFEST is an event hosted in Manizales that is trying to bring, through photography,

https://www.inaturalist.org
https://www.ifoundbutterflies.org/
https://www.masuyfundacion.org/en/festivalartropodo
https://www.masuyfundacion.org/en/festivalartropodo
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lectures and workshop activities, a better understanding of the ecosystem services that Lepidoptera provide (https://www.ina-
turalist.org/projects/lepidoptera-colombiana). We hope that the continuation of these outreach and educational programmes
will have a positive impact on Colombian insect diversity and engage local stakeholders.

In addition to using festivals to engagewith the public, another valuable citizen science collaboration is to involve communities in
research processes from the beginning, including designing the project, implementation and dissemination of results through stake-
holder engagements at the community level, and educational activities in schools, museums, zoos and other public spaces that
promote biodiversity conservation. Moreover, there is a need to provide training and capacity-building opportunities for community
members, empowering them to participate in and benefit from research within their communities, both in rural and in urban areas.

Indigenous knowledge systems (IKS) consist of institutionalized traditional and local knowledge and practices existing within
and developed by indigenous people and communities from specific regions, that have been passed down through generations
[15,83–85]. IKS can provide useful tools and solutions to many conservation and societal problems as these people have lived
and continue to live in harmony with nature [84]. For example, in Kenya, farmers from the Makueni District use indigenous
knowledge in their practices to adapt to rainfall variability. This knowledge can be used to predict insect emergence patterns
and many other life traits and behaviours. In addition to agriculture, these knowledge systems can and have been used in
other fields such as biodiversity conservation, interpreting climate change, provision of food sources [84], river, land and general
resource management [83], ecosystem preservation, fishing, hunting and medicine [85]. Additionally, in the Neotropical region,
there are many indigenous and ethnic territories that can provide important areas for insect conservation [15,86]. Particularly,
Indigenous and Community Conservation Areas (ICCA) are very effective in preventing overstepping land expansion in protected
areas such as the Brazilian Cerrado [87,88], so actively involving indigenous communities in insect conservation projects can
significantly affect declining species.

In order for us to communicate and involve these broad communities it is important to provide outreach and educational tools in
the local languages, such as Spanish, Portuguese or French [74,89]. English has for centuries been the dominant language for com-
municating science [87]; however, it is essential to support local languages, allowing local communities and stakeholders to have this
primary information in their local language. Therefore, it is important for entomological journals to allow Global South researchers to
publish their contributions in their local language [33]. In addition, the creation of social media platforms and local educational
resources promotes the interaction of these discoveries towards a broader audience [88].

Furthermore, collaborations and networking can significantly contribute to technological advancements in monitoring prac-
tices [40]. The utilization of molecular biology and barcode genes stands out as an effective approach to delve into the genetic
layer of biodiversity [90–92]. While recent progress in environmental DNA (eDNA) monitoring for terrestrial and aquatic arthro-
pods is noteworthy [11,93,94], there are several methodological challenges that researchers in the Global South may encounter.
Apart from the financial constraints associated with these technologies, the challenge lies in the substantial difficulty posed by
the persistence (decay) of DNA in the varied environments found within the tropics. Additionally, the lack of comprehensive gen-
etic reference data in many of these countries hinders the improvement of taxonomic resolution in studies. Therefore, improving
the funding for national biological collections within the countries will be important for constructing the reference data [95]. The
vast diversity of species in this ecosystem necessitates further development, as the abundance of species may not be sufficient to
trace the entirety of insect diversity during a particular season. Although some of these technologies are beginning to offer more
cost-effective versions and methods of implementation, overall their high cost makes it challenging to implement long-term
monitoring programmes in most of the Global South [92].

Another future direction can be fostering remote sensing insect detection [96] as recent indirect and direct methods can play
pivotal roles, offering complementary insights into the ecological dynamics of insect populations [96]. However, some indirect
detection methods delve into the environmental repercussions of insect presence, focusing on signs such as habitat disturbances
[97,98]. Spectral feeding signs, discerned through plant indices like normalized difference vegetation index (NDVI) and multispec-
tral satellite data, enable the monitoring of insect-induced plant stress and biomass loss [96]. This approach, especially evident in
mapping forest defoliation patterns caused by caterpillars and sawfly larvae, benefits from the high temporal resolution of satel-
lite-derived data [99]. Additionally, structural feeding signs, identified through light detection and ranging (LiDAR) and synthetic
aperture radar (SAR) technologies coupled with machine learning, provide a nuanced understanding of changes in vegetation
structure resulting from insect feeding [100]. LiDAR excels in mapping defoliation caused by specific insect species, showcasing
superior performance when combined with structural information [101]. The integration of radar and optical data further enhances
detection probabilities, particularly in regions with persistent cloud cover.

On the other hand, direct detection methods involve a more immediate and targeted approach to studying insect populations
[96]. Vertical-looking radar (VLR) systems, capable of autonomously monitoring insect migration patterns, offer detailed infor-
mation on the shape, mass, altitude and movement of individual flying insects [102,103]. This transformative technology has
been instrumental in quantifying seasonal and diurnal patterns of insect migration for various taxa. Entomological LiDAR,
with its shorter wavelength compared with microwaves, excels in detecting smaller insects at close range, providing information
on position, cross-sectional area and wingbeat frequency [96]. Additionally, passive sensing methods, such as thermal imaging,
offer opportunities for detecting insect aggregations through the elevation of collective body temperatures [96]. As advancements
continue in indirect and direct detection techniques, a holistic understanding of insect behaviour, abundance and ecological
impacts emerges, contributing to more effective conservation and management strategies.

However, we need global building capacity for coding, programming, molecular biology and remote sensing skills to start
looking more into providing the best outcomes for the vast diversity of landscapes that are within the tropical regions. We encour-
age support of local workshops and brainstorming sessions in the Global South; this can be helpful in the implementation of these
technologies across the diversity of ecosystems present in the Global South. Beyond financial barriers, the lack of access to under-
lying design or source code for many of these technologies restricts users’ ability to adapt or maintain them independently. It is

https://www.inaturalist.org/projects/lepidoptera-colombiana
https://www.inaturalist.org/projects/lepidoptera-colombiana
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essential to embrace open access and examine any perceived challenges in adopting practices across the Global South. Open-source
hardware and software align with fundamental open science practice fostered by UNESCO’s recommendation [104].

Providing and facilitating spaces for Global South researchers to interact with those from developed countries can strengthen
local and international networks, prioritizing diverse areas with gaps in entomological knowledge in tropical environments [95].
For instance, the ‘Status of Insects,’ a National Science Foundation (NSF)-funded research coordination network (https://statuso-
finsects.github.io/index.html), has provided a significant opportunity for entomologists worldwide to connect and collaborate
towards advancing data gathering and analysis, and solutions for insect decline. Promoting local in-person meetings to be
more inclusive of Global South participation and/or offering hybrid participation options for global meetings can help these
countries reduce travel and accommodation costs. Such networking opportunities can foster meaningful collaborations, potentially
addressing limited funding opportunities, mitigating article processing fees (including open access) and sharing cost-effective
technological advances [95].

Overall, we are hopeful that equitable collaborations across the world will advocate and improve our understanding towards
the actual status of insects in the Global South. It is vital to build a diverse and equitable entomological community [105] around
the world to preserve our biodiversity and our existence as humankind.
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Israel, Japan and South Korea), and Oceania (excluding Australia and New Zealand). The Global North broadly comprises North America and
Europe, Israel, Japan, South Korea, Australia and New Zealand.
References
1. Metcalfe DB et al. 2014 Herbivory makes major contributions to ecosystem carbon and nutrient cycling in tropical forests. Ecol. Lett. 17, 324–332. (doi:10.1111/ele.12233)
2. Noriega JA et al. 2018 Research trends in ecosystem services provided by insects. Basic Appl. Ecol. 26, 8–23. (doi:10.1016/j.baae.2017.09.006)
3. Seibold S et al. 2021 The contribution of insects to global forest deadwood decomposition. Nature 597, 77–81. (doi:10.1038/s41586-021-03740-8)
4. Crespo-Pérez V, Kazakou E, Roubik DW, Cárdenas RE. 2020 The importance of insects on land and in water: a tropical view. Curr. Opin. Insect Sci. 40, 31–38. (doi:10.1016/j.cois.

2020.05.016)
5. Landmann T, Schmitt M, Ekim B, Villinger J, Ashiono F, Habel JC, Tonnang HEZ. 2023 Insect diversity is a good indicator of biodiversity status in Africa. Commun. Earth Environ. 4,

234. (doi:10.1038/s43247-023-00896-1)
6. Tolera K, Ballantyne G. 2021 Insect pollination and sustainable agriculture in sub-Saharan Africa. J. Pollinat. Ecol. 27, 36–46. (doi:10.26786/1920-7603(2021)615)
7. Ollerton J. 2021 Pollinators and pollination: nature and society. Exeter, UK: Pelagic Publishing. See https://www.boswellbooks.com/book/9781784272289.
8. Stork NE. 2018 How many species of insects and other terrestrial arthropods are there on earth? Annu. Rev. Entomol. 63, 31–45. (doi:10.1146/annurev-ento-020117-043348)
9. Basset Y et al. 2012 Arthropod diversity in a tropical forest. Science 338, 1481–1484. (doi:10.1126/science.1226727)
10. Lamarre GPA, Fayle TM, Segar ST, Laird-Hopkins BC, Nakamura A, Souto-Vilarós D, Watanabe S, Basset Y. 2020 Monitoring tropical insects in the 21st century. In Advances in

ecological research (eds AJ Dumbrell, EC Turner, TM Fayle), pp. 295–330. New York, NY: Academic Press. (doi:10.1016/bs.aecr.2020.01.004)
11. Ji Y et al. 2013 Reliable, verifiable and efficient monitoring of biodiversity via metabarcoding. Ecol. Lett. 16, 1245–1257. (doi:10.1111/ele.12162)
12. Slade EM, Ong XR. 2023 The future of tropical insect diversity: strategies to fill data and knowledge gaps. Curr. Opin. Insect Sci. 58, 101063. (doi:10.1016/j.cois.2023.101063)
13. Cardoso P, Erwin TL, Borges PAV, New TR. 2011 The seven impediments in invertebrate conservation and how to overcome them. Biol. Conserv. 144, 2647–2655. (doi:10.1016/j.

biocon.2011.07.024)
14. Carvalho RL et al. 2023 Pervasive gaps in Amazonian ecological research. Curr. Biol. 33, 3495–3504.e4. (doi:10.1016/j.cub.2023.06.077)
15. Duffus NE, Echeverri A, Dempewolf L, Noriega JA, Furumo PR, Morimoto J. 2023 The present and future of insect biodiversity conservation in the neotropics: policy gaps and

recommendations. Neotrop. Entomol. 52, 407–421. (doi:10.1007/s13744-023-01031-7)
16. Adenle AA, Stevens C, Bridgewater P. 2015 Global conservation and management of biodiversity in developing countries: an opportunity for a new approach. Environ. Sci. Policy

45, 104–108. (doi:10.1016/j.envsci.2014.10.002)
17. Ubfal D, Maffioli A. 2011 The impact of funding on research collaboration: evidence from a developing country. Res. Policy 40, 1269–1279. (doi:10.1016/j.respol.2011.05.023)
18. Francis S et al. 2021 Challenges in the control of neglected insect vector diseases of human importance in the Anglo-Caribbean. One Health 13, 100316. (doi:10.1016/j.onehlt.

2021.100316)

https://statusofinsects.github.io/index.html
https://statusofinsects.github.io/index.html
http://dx.doi.org/10.1111/ele.12233
http://dx.doi.org/10.1016/j.baae.2017.09.006
http://dx.doi.org/10.1038/s41586-021-03740-8
http://dx.doi.org/10.1016/j.cois.2020.05.016
http://dx.doi.org/10.1016/j.cois.2020.05.016
https://doi.org/10.1038/s43247-023-00896-1
https://doi.org/10.26786/1920-7603(2021)615
https://www.boswellbooks.com/book/9781784272289
http://dx.doi.org/10.1146/annurev-ento-020117-043348
http://dx.doi.org/10.1126/science.1226727
https://doi.org/10.1016/bs.aecr.2020.01.004
http://dx.doi.org/10.1111/ele.12162
http://dx.doi.org/10.1016/j.cois.2023.101063
http://dx.doi.org/10.1016/j.biocon.2011.07.024
http://dx.doi.org/10.1016/j.biocon.2011.07.024
http://dx.doi.org/10.1016/j.cub.2023.06.077
http://dx.doi.org/10.1007/s13744-023-01031-7
http://dx.doi.org/10.1016/j.envsci.2014.10.002
http://dx.doi.org/10.1016/j.respol.2011.05.023
https://doi.org/10.1016/j.onehlt.2021.100316
https://doi.org/10.1016/j.onehlt.2021.100316


royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

379:20230102

11

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

16
 J

un
e 

20
25

 

19. Costello A, Zumla A. 2000 Moving to research partnerships in developing countries. BMJ 321, 827–829. (doi:10.1136/bmj.321.7264.827)
20. Lewis J, Schneegans S, Straza T (eds). 2021 UNESCO Science Report: the race against time for smarter development. Paris, France: UNESCO.
21. Harris E. 2004 Building scientific capacity in developing countries. EMBO Rep. 5, 7–11. (doi:10.1038/sj.embor.7400058)
22. Brown BV. 2005 Malaise trap catches and the crisis in neotropical dipterology. Am. Entomol. 51, 180–183. (doi:10.1093/ae/51.3.180)
23. Tenopir C, Allard S, Douglass K, Aydinoglu AU, Wu L, Read E, Manoff M, Frame M. 2011 Data sharing by scientists: practices and perceptions. PLoS ONE 6, e21101. (doi:10.1371/

journal.pone.0021101)
24. Montgomery MR. 2008 The urban transformation of the developing world. Science 319, 761–764. (doi:10.1126/science.1153012)
25. Beaty RM. 2007 Habitat fragmentation and landscape change: an ecological and conservation syntheses. Environment 49, 44.
26. Jaureguiberry P et al. 2022 The direct drivers of recent global anthropogenic biodiversity loss. Sci. Adv. 8, eabm9982. (doi:10.1126/sciadv.abm9982)
27. Marques A et al. 2019 Increasing impacts of land use on biodiversity and carbon sequestration driven by population and economic growth. Nat. Ecol. Evol. 3, 628–637. (doi:10.

1038/s41559-019-0824-3)
28. Ferrante L, Fearnside PM. 2019 Brazil’s new president and ‘ruralists’ threaten Amazonia’s environment, traditional peoples and the global climate. Environ. Conserv. 46, 261–263.

(doi:10.1017/S0376892919000213)
29. Ríos-Touma B, Ramírez A. 2019 Multiple stressors in the neotropical region: environmental impacts in biodiversity hotspots. In Multiple stressors in river ecosystems (eds S Sabater,

A Elosegi, R Ludwig), pp. 205–220. Amsterdam, The Netherlands: Elsevier. (doi:10.1016/B978-0-12-811713-2.00012-1)
30. United Nations. 2022 CEPALSTAT. Statistical databases and publications. New York, NY: United Nations. See https://statistics.cepal.org/portal/cepalstat/index.html?lang=en.
31. Walteros JM, Ramírez A. 2020 Urban streams in Latin America: current conditions and research needs. Rev. Biol. Trop. 68, 13–28. (doi:10.15517/rbt.v68iS2.44330)
32. Ríos-Touma B, Villamarín C, Jijón G, Checa J, Granda-Albuja G, Bonifaz E, Guerrero-Latorre L. 2022 Aquatic biodiversity loss in Andean urban streams. Urban Ecosyst. 25,

1619–1629. (doi:10.1007/s11252-022-01248-1)
33. Clerici N et al. 2020 Deforestation in Colombian protected areas increased during post-conflict periods. Scient. Rep. 10, 4971. (doi:10.1038/s41598-020-61861-y)
34. Abessa D, Famá A, Buruaem L. 2019 The systematic dismantling of Brazilian environmental laws risks losses on all fronts. Nat. Ecol. Evol. 3, 510–511. (doi:10.1038/s41559-019-

0855-9)
35. Pandey A, Asif M. 2022 Assessment of energy and environmental sustainability in South Asia in the perspective of the sustainable development goals. Renew. Sustain. Energy Rev.

165, 112492. (doi:10.1016/j.rser.2022.112492)
36. United Nations Economic Commission for Africa, United Nations Development Programme, African Union Commission, African Development Bank. 2023 2023 Africa sustainable

development report: accelerating recovery from the coronavirus disease (COVID-19) and the full implementation of the 2030 Agenda for Sustainable Development and African Union
Agenda 2063 at all levels. Addis Ababa, Ethiopia: Economic Commission for Africa. See https://repository.uneca.org/handle/10855/49956.

37. Laroche M et al. 2017 Medical entomology: a reemerging field of research to better understand vector-borne infectious diseases. Clin. Infect. Dis. 65, S30–S38. (doi:10.1093/cid/
cix463)

38. Dangles O, Casas J. 2019 Ecosystem services provided by insects for achieving sustainable development goals. Ecosyst. Serv. 35, 109–115. (doi:10.1016/j.ecoser.2018.12.002)
39. Santos JC, Fernandes GW. 2021 Measuring arthropod biodiversity: a handbook of sampling methods. Cham, Switzerland: Springer International Publishing. (doi:10.1007/978-3-030-

53226-0)
40. van Klink R et al. 2022 Emerging technologies revolutionise insect ecology and monitoring. Trends Ecol. Evol. 37, 872–885. (doi:10.1016/j.tree.2022.06.001)
41. Barletta M et al. 2010 Fish and aquatic habitat conservation in South America: a continental overview with emphasis on neotropical systems. J. Fish Biol. 76, 2118–2176. (doi:10.

1111/j.1095-8649.2010.02684.x)
42. Arana Maestre J, Carrasco Badajoz C, Coayla Peñaloza P, Rayme Chalco C, Sánchez Peña M. 2021 Aquatic macroinvertebrates of arid and semi-arid ecosystems of Peru. Front.

Environ. Sci. 9, 658940. (doi:10.3389/fenvs.2021.658940)
43. Dos Santos DA et al. 2018 Cold/warm stenothermic freshwater macroinvertebrates along altitudinal and latitudinal gradients in western South America: a modern approach to an

old hypothesis with updated data. J. Biogeogr. 45, 1571–1581. (doi:10.1111/jbi.13234)
44. Ríos-Touma B, Holzenthal RW, Huisman J, Thomson R, Rázuri-Gonzales E. 2017 Diversity and distribution of the caddisflies (Insecta: Trichoptera) of Ecuador. PeerJ 5, e2851.

(doi:10.7717/peerj.2851)
45. Romero GQ, Moi DA, Nash LN, Antiqueira PAP, Mormul RP, Kratina P. 2021 Pervasive decline of subtropical aquatic insects over 20 years driven by water transparency, non-native

fish and stoichiometric imbalance. Biol. Lett. 17, 20210137. (doi:10.1098/rsbl.2021.0137)
46. Basset Y et al. 2017 The Saturniidae of Barro Colorado Island, Panama: a model taxon for studying the long-term effects of climate change? Ecol. Evol. 7, 9991–10004. (doi:10.

1002/ece3.3515)
47. Iannuzzi L et al. 2021 Sampling methods for beetles (Coleoptera). In Measuring arthropod biodiversity: a handbook of sampling methods (eds JC Santos, GW Fernandes),

pp. 125–185. Cham, Switzerland: Springer International Publishing. (doi:10.1007/978-3-030-53226-0_6)
48. Arellano L, Noriega JA, Ortega-Martínez IJ, Rivera JD, Correa CMA, Gómez-Cifuentes A, Ramírez-Hernández A, Barragán F. 2023 Dung beetles (Coleoptera: Scarabaeidae) in grazing

lands of the Neotropics: a review of patterns and research trends of taxonomic and functional diversity, and functions. Front. Ecol. Evol. 11, 1084009. (doi:10.3389/fevo.2023.
1084009)

49. Audino LD, Louzada J, Comita L. 2014 Dung beetles as indicators of tropical forest restoration success: is it possible to recover species and functional diversity? Biol. Conserv. 169,
248–257. (doi:10.1016/j.biocon.2013.11.023)

50. Mora-Aguilar EF et al. 2023 Toward a standardized methodology for sampling dung beetles (Coleoptera: Scarabaeinae) in the Neotropics: a critical review. Front. Ecol. Evol. 11,
1096208. (doi:10.3389/fevo.2023.1096208)

51. Salomão RP, Lopera-Toro A, Pulido-Herrera LA, Arias-Buriticá JA. 2023 Habitat type affects the diversity of dung beetle (Coleoptera: Scarabaeidae) assemblages in a neotropical
mountainous region of Colombia. Int. J. Trop. Insect Sci. 43, 793–803. (doi:10.1007/s42690-023-00987-8)

52. Ríos-Touma B, Rosero P, Morabowen A, Guayasamin JM, Carson C, Villamarín-Cortez S, Solano-Ugalde A, Tobes I, Cuesta F. 2023 Biodiversity responses to land-use change in the
equatorial Andes. Ecol. Indic. 156, 111100. (doi:10.1016/j.ecolind.2023.111100)

53. Basset Y et al. 2023 Towards a functional classification of poorly known tropical insects: the case of rhinoceros beetles (Coleoptera, Dynastinae) in Panama. Insect Conserv. Divers.
16, 147–163. (doi:10.1111/icad.12613)

54. Basset YS. 1999 Diversity and abundance of insect herbivores foraging on seedlings in a rainforest in Guyana. Ecol. Entomol. 24, 245–259. (doi:10.1046/j.1365-2311.1999.00197.x)
55. Basset Y et al. 2023 Abundance, occurrence and time series: long-term monitoring of social insects in a tropical rainforest. Ecol. Indic. 150, 110243. (doi:10.1016/j.ecolind.2023.

110243)

https://doi.org/10.1136/bmj.321.7264.827
https://doi.org/10.1038/sj.embor.7400058
http://dx.doi.org/10.1093/ae/51.3.180
http://dx.doi.org/10.1371/journal.pone.0021101
http://dx.doi.org/10.1371/journal.pone.0021101
http://dx.doi.org/10.1126/science.1153012
http://dx.doi.org/10.1126/sciadv.abm9982
http://dx.doi.org/10.1038/s41559-019-0824-3
http://dx.doi.org/10.1038/s41559-019-0824-3
http://dx.doi.org/10.1017/S0376892919000213
https://doi.org/10.1016/B978-0-12-811713-2.00012-1
https://statistics.cepal.org/portal/cepalstat/index.html?lang=en
http://dx.doi.org/10.15517/rbt.v68iS2.44330
http://dx.doi.org/10.1007/s11252-022-01248-1
https://doi.org/10.1038/s41598-020-61861-y
http://dx.doi.org/10.1038/s41559-019-0855-9
http://dx.doi.org/10.1038/s41559-019-0855-9
http://dx.doi.org/10.1016/j.rser.2022.112492
https://repository.uneca.org/handle/10855/49956
http://dx.doi.org/10.1093/cid/cix463
http://dx.doi.org/10.1093/cid/cix463
http://dx.doi.org/10.1016/j.ecoser.2018.12.002
https://doi.org/10.1007/978-3-030-53226-0
https://doi.org/10.1007/978-3-030-53226-0
http://dx.doi.org/10.1016/j.tree.2022.06.001
http://dx.doi.org/10.1111/j.1095-8649.2010.02684.x
http://dx.doi.org/10.1111/j.1095-8649.2010.02684.x
https://doi.org/10.3389/fenvs.2021.658940
https://doi.org/10.1111/jbi.13234
https://doi.org/10.7717/peerj.2851
http://dx.doi.org/10.1098/rsbl.2021.0137
http://dx.doi.org/10.1002/ece3.3515
http://dx.doi.org/10.1002/ece3.3515
https://doi.org/10.1007/978-3-030-53226-0_6
https://doi.org/10.3389/fevo.2023.1084009
https://doi.org/10.3389/fevo.2023.1084009
http://dx.doi.org/10.1016/j.biocon.2013.11.023
https://doi.org/10.3389/fevo.2023.1096208
http://dx.doi.org/10.1007/s42690-023-00987-8
http://dx.doi.org/10.1016/j.ecolind.2023.111100
http://dx.doi.org/10.1111/icad.12613
https://doi.org/10.1046/j.1365-2311.1999.00197.x
http://dx.doi.org/10.1016/j.ecolind.2023.110243
http://dx.doi.org/10.1016/j.ecolind.2023.110243


royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

379:20230102

12

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

16
 J

un
e 

20
25

 

56. Lucas M, Forero D, Basset Y. 2016 Diversity and recent population trends of assassin bugs (Hemiptera: Reduviidae) on Barro Colorado Island, Panama. Insect Conserv. Divers. 9,
546–558. (doi:10.1111/icad.12191)

57. Mendoza-Penagos CC, Calvão LB, Juen L. 2021 A new biomonitoring method using taxonomic families as substitutes for the suborders of the Odonata (Insecta) in Amazonian
streams. Ecol. Indic. 124, 107388. (doi:10.1016/j.ecolind.2021.107388)

58. Oliveira-Junior JMB, Juen L. 2019 The Zygoptera/Anisoptera ratio (Insecta: Odonata): a new tool for habitat alterations assessment in Amazonian streams. Neotrop. Entomol. 48,
552–560. (doi:10.1007/s13744-019-00672-x)

59. de Almeida MVO, Pinto ÂP, Carvalho AdL, Takiya DM. 2013 When rare is just a matter of sampling: unexpected dominance of clubtail dragonflies (Odonata, Gomphidae) through
different collecting methods at Parque Nacional da Serra do Cipó, Minas Gerais State, Brazil. Rev. Bras. Entomol. 57, 417–423. (doi:10.1590/S0085-56262013005000042)

60. Riyaz M, Ignacimuthu S. 2023 Smart phone-macro lens setup (SPMLS): a low-cost and portable photography device for amateur taxonomists, biodiversity researchers, and citizen
enthusiasts. Bull. Natl Res. Cent. 47, 143. (doi:10.1186/s42269-023-01120-y)

61. Engel MS et al. 2021 The taxonomic impediment: a shortage of taxonomists, not the lack of technical approaches. Zool. J. Linn. Soc. 193, 381–387. (doi:10.1093/zoolinnean/
zlab072)

62. Poorani J. 2022 Overcoming the taxonomic impediment: an action plan for India. Indian J. Entomol. 84, 104–107. (doi:10.55446/IJE.2022.919)
63. Deng J, Wang X, Zeng L, Zou X, Huang X. 2019 Dynamics of global institutional collaboration in insect taxonomy reveal imbalance of taxonomic effort. Insect Conserv. Divers. 12,

18–28. (doi:10.1111/icad.12298)
64. Anderson-Teixeira KJ et al. 2015 CTFS-ForestGEO: a worldwide network monitoring forests in an era of global change. Glob. Change Biol. 21, 528–549. (doi:10.1111/gcb.12712)
65. França FM, Beiroz W, Andretti CB, Costa TV, Vaz-De-Mello FZ, Silveira JM, Louzada J. In press. Selective logging intensity and time since logging drive tropical bird and dung

beetle diversity: a case study from Amazonia. Environ. Conserv. (doi:10.1017/S0376892923000334)
66. Carvalho EC et al. 2023 Dung beetles from two sustainable-use protected forests in the Brazilian Amazon. Biodivers. Data J. 11, e96101. (doi:10.3897/BDJ.11.e96101)
67. Opito EA, Alanko T, Kalbitzer U, Nummelin M, Omeja P, Valtonen A, Chapman CA. 2023 30 years brings changes to the arthropod community of Kibale National Park, Uganda.

Biotropica 55, 529–539. (doi:10.1111/btp.13206)
68. Balthazar TD, Maia DA, Oliveira AA, Marques WA, Bastos AQ, Vilela ML, Mallet JRS. 2021 Entomological surveillance of mosquitoes (Diptera: Culicidae), vectors of arboviruses, in an

ecotourism park in Cachoeiras de Macacu, state of Rio de Janeiro-RJ, Brazil. PLoS ONE 16, e0261244. (doi:10.1371/journal.pone.0261244)
69. Amoa-Bosompem M et al. 2020 Entomological assessment of the status and risk of mosquito-borne arboviral transmission in Ghana. Viruses 12, 147. (doi:10.3390/v12020147)
70. Kosoltanapiwat N, Tongshoob J, Singkhaimuk P, Nitatsukprasert C, Davidson SA, Ponlawat A. 2020 Entomological surveillance for Zika and dengue virus in Aedes mosquitoes:

implications for vector control in Thailand. Pathogens 9, 442. (doi:10.3390/pathogens9060442)
71. Nair KSS. 2007 Tropical forest insect pests: ecology, impact, and management. Cambridge, UK: Cambridge University Press. (doi:10.1017/CBO9780511542695)
72. Morales FJ. 2006 Tropical Whitefly IPM Project. Adv. Virus Res. 69, 249–311. (doi:10.1016/S0065-3527(06)69006-4)
73. Alwang J, Norton G, Larochelle C. 2019 Obstacles to widespread diffusion of IPM in developing countries: lessons from the field. J. Integr. Pest Manag. 10, 10. (doi:10.1093/jipm/

pmz008)
74. Amano T, Sutherland WJ. 2013 Four barriers to the global understanding of biodiversity conservation: wealth, language, geographical location and security. Proc. R. Soc. B 280,

20122649. (doi:10.1098/rspb.2012.2649)
75. Belaire JA, Westphal LM, Whelan CJ, Minor ES. 2015 Urban residents’ perceptions of birds in the neighborhood: biodiversity, cultural ecosystem services, and disservices. Condor

117, 192–202. (doi:10.1650/CONDOR-14-128.1)
76. Bonney R, Phillips TB, Ballard HL, Enck JW. 2016 Can citizen science enhance public understanding of science? Public Underst. Sci. 25, 2–16. (doi:10.1177/0963662515607406)
77. Sheard JK et al. 2024 Emerging technologies in citizen science and potential for insect monitoring. Phil. Trans. R. Soc. B 379, 20230106. (doi:10.1098/rstb.2023.0106)
78. Shirk J et al. 2012 Public participation in scientific research: a framework for deliberate design. Ecol. Soc. 17, 29. (doi:10.5751/ES-04705-170229)
79. Richter A et al. 2021 Motivation and support services in citizen science insect monitoring: a cross-country study. Biol. Conserv. 263, 109325. (doi:10.1016/j.biocon.2021.109325)
80. Pocock MJO et al. 2018 A vision for global biodiversity monitoring with citizen science. Adv. Ecol. Res. 59, 169–223. (doi:10.1016/bs.aecr.2018.06.003)
81. Di Cecco GJ, Barve V, Belitz MW, Stucky BJ, Guralnick RP, Hurlbert AH. 2021 Observing the observers: how participants contribute data to iNaturalist and implications for

biodiversity science. BioScience 71, 1179–1188. (doi:10.1093/biosci/biab093)
82. Cruz M. 2023 ‘Insectópolis’ ilega a su quinta versión en la Biblioteca Departamental del Valle [‘Insectopolis’ reaches its fifth version at the Departmental Library of Valle]. Cali,

Colombia: Gobernación del Valle del Cauca. See https://www.valledelcauca.gov.co/publicaciones/77806/insectopolis-llega-a-su-quinta-version-en-la-biblioteca-departamental-del-
valle/ (accessed 26 November 2023). [In Spanish.]

83. Halim A, Othman N, Ismail SR, Jawan JA, Ibrahim NN. 2013 Indigenous knowledge and biodiversity conservation in Sabah, Malaysia. Int. J. Soc. Sci. Hum. 2, 159–163. (doi:10.
7763/IJSSH.2012.V2.88)

84. Selaledi L, Hassan Z, Manyelo TG, Mabelebele M. 2021 Insects’ production, consumption, policy, and sustainability: what have we learned from the indigenous knowledge
systems? Insects 12, 432. (doi:10.3390/insects12050432)

85. Hens L. 2006 Indigenous knowledge and biodiversity conservation and management in Ghana. J. Hum. Ecol. 20, 21–30. (doi:10.1080/09709274.2006.11905897)
86. Schwartzman S, Zimmerman B. 2005 Conservation alliances with indigenous peoples of the Amazon. Conserv. Biol. 19, 721–727. (doi:10.1111/j.1523-1739.2005.00695.x)
87. Amano T, González-Varo JP, Sutherland WJ. 2016 Languages are still a major barrier to global science. PLoS Biol. 14, e2000933. (doi:10.1371/journal.pbio.2000933)
88. Sitar GM, Rusu AS. 2023 The impact of environmental educational programs in promoting insects conservation awareness: a scoping review. J. Educ. Sci. 24, 74–92.
89. Nolde-Lopez B, Bundus J, Arenas-Castro H, Román D, Chowdhury S, Amano T, Berdejo-Espinola V, Wadgymar SM. 2023 Language barriers in organismal biology: what can

journals do better? Integr. Org. Biol. 5, obad003. (doi:10.1093/iob/obad003)
90. Janzen DH, Hajibabaei M, Burns JM, Hallwachs W, Remigio E, Hebert PDN. 2005 Wedding biodiversity inventory of a large and complex Lepidoptera fauna with DNA barcoding.

Phil. Trans. R. Soc. B 360, 1835–1845. (doi:10.1098/rstb.2005.1715)
91. Chua PYS, Bourlat SJ, Ferguson C, Korlevic P, Zhao L, Ekrem T, Meier R, Lawniczak MKN. 2023 Future of DNA-based insect monitoring. Trends Genet. 39, 531–544. (doi:10.1016/j.

tig.2023.02.012)
92. Srivathsan A, Lee L, Katoh K, Hartop E, Kutty SN, Wong J, Yeo D, Meier R. 2021 ONTbarcoder and MinION barcodes aid biodiversity discovery and identification by everyone, for

everyone. BMC Biol. 19, 217. (doi:10.1186/s12915-021-01141-x)
93. Beng KC, Tomlinson KW, Shen XH, Surget-Groba Y, Hughes AC, Corlett RT, Slik JWF. 2016 The utility of DNA metabarcoding for studying the response of arthropod diversity and

composition to land-use change in the tropics. Scient. Rep. 6, 24965. (doi:10.1038/srep24965)
94. Valentini A et al. 2016 Next-generation monitoring of aquatic biodiversity using environmental DNA metabarcoding. Mol. Ecol. 25, 929–942. (doi:10.1111/mec.13428)

http://dx.doi.org/10.1111/icad.12191
http://dx.doi.org/10.1016/j.ecolind.2021.107388
https://doi.org/10.1007/s13744-019-00672-x
https://doi.org/10.1590/S0085-56262013005000042
https://doi.org/10.1186/s42269-023-01120-y
http://dx.doi.org/10.1093/zoolinnean/zlab072
http://dx.doi.org/10.1093/zoolinnean/zlab072
https://doi.org/10.55446/IJE.2022.919
http://dx.doi.org/10.1111/icad.12298
http://dx.doi.org/10.1111/gcb.12712
https://doi.org/10.1017/S0376892923000334
http://dx.doi.org/10.3897/BDJ.11.e96101
http://dx.doi.org/10.1111/btp.13206
http://dx.doi.org/10.1371/journal.pone.0261244
https://doi.org/10.3390/v12020147
https://doi.org/10.3390/pathogens9060442
https://doi.org/10.1017/CBO9780511542695
http://dx.doi.org/10.1016/S0065-3527(06)69006-4
http://dx.doi.org/10.1093/jipm/pmz008
http://dx.doi.org/10.1093/jipm/pmz008
http://dx.doi.org/10.1098/rspb.2012.2649
https://doi.org/10.1650/CONDOR-14-128.1
https://doi.org/10.1177/0963662515607406
https://doi.org/10.1098/rstb.2023.0106
http://dx.doi.org/10.5751/ES-04705-170229
http://dx.doi.org/10.1016/j.biocon.2021.109325
https://doi.org/10.1016/bs.aecr.2018.06.003
http://dx.doi.org/10.1093/biosci/biab093
https://www.valledelcauca.gov.co/publicaciones/77806/insectopolis-llega-a-su-quinta-version-en-la-biblioteca-departamental-del-valle/
https://www.valledelcauca.gov.co/publicaciones/77806/insectopolis-llega-a-su-quinta-version-en-la-biblioteca-departamental-del-valle/
http://dx.doi.org/10.7763/IJSSH.2012.V2.88
http://dx.doi.org/10.7763/IJSSH.2012.V2.88
http://dx.doi.org/10.3390/insects12050432
http://dx.doi.org/10.1080/09709274.2006.11905897
http://dx.doi.org/10.1111/j.1523-1739.2005.00695.x
http://dx.doi.org/10.1371/journal.pbio.2000933
http://dx.doi.org/10.1093/iob/obad003
https://doi.org/10.1098/rstb.2005.1715
http://dx.doi.org/10.1016/j.tig.2023.02.012
http://dx.doi.org/10.1016/j.tig.2023.02.012
https://doi.org/10.1186/s12915-021-01141-x
https://doi.org/10.1038/srep24965
http://dx.doi.org/10.1111/mec.13428


royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

379

13

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

16
 J

un
e 

20
25

 

95. Silveira FAO et al. 2023 Overcoming major barriers in seed ecology research in developing countries. Seed Sci. Res. 33, 172–181. (doi:10.1017/S0960258523000181)
96. Rhodes MW, Bennie JJ, Spalding A, ffrench-Constant RH, Maclean IMD. 2022 Recent advances in the remote sensing of insects. Biol. Rev. 97, 343–360. (doi:10.1111/brv.12802)
97. Senf C, Seidl R, Hostert P. 2017 Remote sensing of forest insect disturbances: current state and future directions. Int. J. Appl. Earth Obs. Geoinform. 60, 49–60. (doi:10.1016/j.jag.

2017.04.004)
98. Stoll E, Roopsind A, Maharaj G, Velazco S, Caughlin TT. 2022 Detecting gold mining impacts on insect biodiversity in a tropical mining frontier with SmallSat imagery. Remote

Sens. Ecol. Conserv. 8, 379–390. (doi:10.1002/rse2.250)
99. Zhang J, Huang Y, Yuan L, Yang G, Chen L, Zhao C. 2016 Using satellite multispectral imagery for damage mapping of armyworm (Spodoptera frugiperda) in maize at a regional

scale. Pest Manag. Sci. 72, 335–348. (doi:10.1002/ps.4003)
100. Ramos APM et al. 2022 Detecting the attack of the fall armyworm (Spodoptera frugiperda) in cotton plants with machine learning and spectral measurements. Precis. Agric. 23,

470–491. (doi:10.1007/s11119-021-09845-4)
101. Dwivedi M, Shadab MH, Santosh VR. 2020 Insect pest detection, migration and monitoring using radar and LiDAR systems. In Innovative pest management approaches for the 21st

century: harnessing automated unmanned technologies (ed. AK Chakravarthy), pp. 61–76. Singapore, Singapore: Springer. (doi:10.1007/978-981-15-0794-6_4)
102. Hernández Rosas M, Espinosa Flores-Verdad G, Peregrina Barreto H, Liedo P, Altamirano Robles L. 2023 Shadow effect for small insect detection by W-band pulsed radar. Sensors

23, 9169. (doi:10.3390/s23229169)
103. Chapman JW, Smith AD, Woiwod IP, Reynolds DR, Riley JR. 2002 Development of vertical-looking radar technology for monitoring insect migration. Comput. Electron. Agric. 35,

95–110. (doi:10.1016/S0168-1699(02)00013-3)
104. UNESCO. 2021 UNESCO recommendation on Open Science. Paris, France: UNESCO. See https://www.unesco.org/en/open-science/about (accessed 18 March 2024).
105. Ramírez-Castañeda V et al. 2022 A set of principles and practical suggestions for equitable fieldwork in biology. Proc. Natl Acad. Sci. 119, e2122667119. (doi:10.1073/pnas.

2122667119)
106. Sánchez Herrera M et al. 2024 Systematic challenges and opportunities in insect monitoring: a Global South perspective. Figshare. (doi:10.6084/m9.figshare.c.7165775)
:20230102

http://dx.doi.org/10.1017/S0960258523000181
http://dx.doi.org/10.1111/brv.12802
http://dx.doi.org/10.1016/j.jag.2017.04.004
http://dx.doi.org/10.1016/j.jag.2017.04.004
http://dx.doi.org/10.1002/rse2.250
http://dx.doi.org/10.1002/ps.4003
https://doi.org/10.1007/s11119-021-09845-4
https://doi.org/10.1007/978-981-15-0794-6_4
https://doi.org/10.3390/s23229169
http://dx.doi.org/10.1016/S0168-1699(02)00013-3
https://www.unesco.org/en/open-science/about
https://doi.org/10.1073/pnas.2122667119
https://doi.org/10.1073/pnas.2122667119
https://doi.org/10.6084/m9.figshare.c.7165775

	Systematic challenges and opportunities in insect monitoring: a Global South perspective
	Introduction
	Challenges in insect monitoring
	Socio-economic factors
	Environmental factors
	Ongoing biomonitoring programmes and logistic complexities

	Opportunities for advancement
	Data accessibility
	Declaration of AI use
	Authors' contributions
	Conflict of interest declaration
	Funding
	Acknowledgements
	References


