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Abstract
Public participation in scientific research (PPSR) is the intentional engagement of the public in scientific inquiry and is increasingly popular in conservation and related fields. It advances knowledge, participant learning opportunities, local innovation and empowerment, and more equitable natural resource management. While the published literature recognizes various PPSR types, many reviews — especially those labelled “citizen science” — have overlooked comparable experiences in tropical countries and territories. Consequently, our current knowledge of PPSR in the tropics is limited to a few regions and case studies, hindering broader connections and lessons. This review aims to clarify PPSR and the interactions between institutions, the environment, and local and non-local actors by drawing from a bibliometric review and authorial experiences to illustrate the role of PPSR across the global tropics. Results show that public participation has significantly contributed to tropical conservation and environmental management for at least 50 years. However, international authorities and scholarly sources only began recognizing their value and potential in the early 1990s. Most publications reviewed (383/453 papers published through to 2020) describe one place-based research activity, with high representation from terrestrial-oriented research in the field of resource management located in developed countries (e.g., Australia and British, French, and US territories). We follow with vignettes to illustrate participation and make recommendations from our synthesis of the lessons. These recommendations present public participation as an opportunity for tropical conservation and environmental management to better value the local context and contributions from diverse communities. This approach encourages embedding participation in more reflexive practices to enhance the overall effectiveness and inclusivity of conservation efforts.
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1. INTRODUCTION

Public participation in scientific research (PPSR) describes projects that intentionally engage members of the public in scientific inquiry (Bonney et al., 2009; Shirk et al., 2012). PPSR is increasingly popular in conservation and adjacent fields, contributing to the advancement of knowledge, learning opportunities for participants, local innovation and empowerment, and, ideally, more equitable natural resource management (Conrad & Hilchey, 2011; Miller-Rushing et al., 2012; Stepenuck & Green, 2015; Irwin, 2018; McKinley et al., 2017). The characteristics and impact of these projects vary based on factors such as who designs, leads, and participates in projects (and how), the natural and social history of where the project takes place, and the duration, structure, and intended outcomes of the projects (Cornwall, 2008; Pandya, 2012; Shirk et al., 2012; Kimura & Kinchy, 2016). Researchers and practitioners can design and implement projects informed by prior efforts by understanding the diversity of public participation in scientific, conservation, and environmental management research (which we broadly refer to as PPSR). For researchers and practitioners working in the tropics, like Biotropica’s readers, a synthesis of PPSR in this region contributes to this goal.
Many of the most well-known PPSR projects in ‘developed’ countries are led by professional scientists, where the participation of volunteers is conceived as an educational leisure activity, one that is typically undertaken by a middle-class environmentally aware citizen (Wiggins, 2011; for a discussion on country categorization, see Supplementary Information). These projects are often run through internet portals or applications, such as eBird or iNaturalist (Sullivan et al., 2009; Newman et al., 2012; Requier et al., 2020). Although growing in popularity, this model does not apply to every context, and alternative models of PPSR exist to fit the needs of different publics and the diversity of project types (Requier et al., 2020). These alternative models, for example, can be centered on natural resource management and involve various levels of engagement from participants who have a direct interest in monitoring the resources on which they depend for food and income (Hackel, 1999; Danielsen et al., 2009; Franco et al., 2021). The published literature has begun recognizing and celebrating this PPSR-type gamut. Yet, many reviews on PPSR — especially those under the “citizen science” umbrella — have tended to overlook comparable or divergent experiences in developing, often tropical, countries and territories (e.g., Silvertown, 2009; Conrad & Hilchey, 2011; Miller-Rushing et al., 2012; Weingart et al., 2021). As a result, our current knowledge of PPSR in the tropics is generally limited to a few regions and case studies, hindering our ability to make connections, analyze trends, and adapt conservation practices to enhance positive outcomes.
This review aims to clarify PPSR and the interactions between institutions, environment, and agency of local and non-local actors that constitute tropical conservation action (e.g., the dynamic negotiations involved in implementing payment for ecosystem services described in Shapiro-Garza et al. 2020). While we use the acronym PPSR across the review, we use it to encompass participation in scientific research and involvement in conservation and environmental management. The review was initially conceived to assess citizen science in the tropics for Biotropica. As the review changed leadership, a broad suite of researchers and practitioners with varied disciplinary and geographic backgrounds and decades of experience were incorporated, shifting the focus and selection of methods.  In this paper, we first present a bibliometric analysis of PPSR in peer-reviewed literature, followed by reflections from authors’ experiences in the field and the practice of PPSR in the tropics. We then offer recommendations that strive to facilitate participation from the tropics in a just way.

2. MAIN TRENDS IN PUBLISHED LITERATURE

2.1. Search and data collection
We conducted a bibliometric review on Web of Science to assess trends in published work on PPSR in tropical conservation and environmental literature. For complete search terms and methods, see Supplementary Information. Briefly, we ran two literature searches. The first literature search, from 1995 to August 2020 was based on 19 key terms describing PPSR and resulted in 1,986 papers, of which 414 were deemed relevant to our review (21% of the total). Selection criteria first constrained papers to those based on tropical and subtropical ecoregions (661 papers, 33% of search results) and then to those reporting primary data from research activities relevant to conservation and environmental management. The second literature search in early December 2024 used the same methods as the first but limited the time frame from the date of the first search to the date of the second search. This search resulted in 39 additional papers from 2020, and 958 articles from 2021-2024. We collected information on the research activities described in included papers, which we define as the independent research investigations reported in each paper. Papers published through the end of 2020 (n = 453 papers) were considered in the full review set presented here, while a discussion of the papers found from 2021 onwards is presented in Supplementary Information. We justify splitting the dataset to avoid the confounding factor of the COVID-19 epidemic on public participation in environmental science globally (e.g., Crimmins et al. 2021; Sánchez-Clavijo et al. 2021; see Supplementary Information for full discussion). 
2.2. General patterns
The papers in our review set represented 484 research activities across 56 countries from 1995 to 2020 (Figure 1a). They described either one place-based research activity (where the research happened in one locality; 370 papers), multiple independent research activities (where the paper describes disparate activities as case studies, 29 papers), or research designed to take place in multiple countries ( 54 papers) (Figure 1b). The countries with the most published PPSR activities in our set are Australia (80 activities), South Africa (30), the tropical and subtropical United States (29), and Brazil (23). Publication rapidly increased starting in 2005, with peaks in years associated with special issues in journals such as Biodiversity and Conservation (2005), Conservation Biology (2016), Ecology and Society (2017), and Environmental Conservation (2010, 2018). We found only one Biotropica publication that described PPSR, in which public surveys were used to estimate invasive species distribution (Mohanty, Sachin, Selvaraj, & Vasudevan, 2018). 
Most research activities investigated terrestrial habitats (274 activities, 57%), followed by marine habitats (158, 33%) and freshwater habitats (37, 8%) (Figure 2a). The remaining 15 activities took place in a combination of habitat types. In most of Oceania, Southeast Asia, and the tropical island holdings of the United Kingdom, most activities occurred in marine habitats. Only 9% of research activities occurred in urban areas. The three most frequent topics researched were resource management (i.e., management of natural resources like fisheries and timber; 24%), species diversity and distributions (i.e., the understanding of biogeographic patterns; 20%), and the citizen science process (i.e., methods, data validation, and participant’s involvement; 13%) (Figure 2b). Out of research activities with a taxonomic focus (432), birds were the most frequent (84), followed by fish (83), and then mammals (69) (Figure 2c).
We assessed the use of technology by noting if the data collection methods were analog or electronic, if social media was used, and if natural history platforms (mobile applications and large-scale databases relating to natural history) were used. Most research activities in our set (304, 63%) did not use electronics (tablets, cellular phones, GPS, cameras, or other tools) to collect data. Forty-four activities (9%) mentioned using social media in data collection and/or participation recruitment. Of these, Facebook was the most popular (28), followed by Twitter (6), Instagram (5), YouTube (4) and Flickr (4). Other large corporate social media platforms include LINE, WhatsApp, and Vimeo. Two research activities used specific social media platforms for niche interest groups (i.e., scuba divers and beekeepers). At least 48 different natural history platforms were used in 95 research activities. While the most popular platforms were eBird (30) and iNaturalist (13), many research activities developed their own applications through tools like Open Data Kit (e.g., Oviedo & Bursztyn, 2017). 
We used categories outlined by Shirk et al. (2012) to characterize the participation types reported for each research activity (Example of other typologies are proposed in Haklay, 2013, and Cooper et al 2007). These categories range from high community input across all research stages in “co-created” and “collegial” activities to “contributory” activities, in which the public is least involved in activity oversight, with “collaborative” activities in between. “Contractual” research constitutes activities where local communities contract researchers to answer local questions. The difference between collegial and co-created is that collegial activities do not involve professional researchers. Contributory refers to activities where scientists ask participants to collect and contribute data, and collaborative refers to activities where participants assist scientists in developing a study and collecting and analyzing data for shared research goals. 
In our review, the most common participation category was contributory, with 380 research activities (79%), followed by collaborative (12%, 58 activities), co-created (8%, 40 activities), and collegial (1%, 6 activities). We found no contractual research activities. These categories of papers highlighted lessons learned and challenges (Table 1). Much of the contributory research focused on the validity and reliability of the collected data and conclusions and how it compares with and complements standard research methodologies and training. The other participation categories focused on empowerment of participants, diversity of success, and knowledge of participants. 
The distribution of authorial leadership and funding sources revealed the involvement of institutions outside the tropics. A large proportion of research papers (374 of 453, 84%) have at least one author affiliated with a local institution (where local means the institution is headquartered in the same country as where the activity was carried out), and 63% (285) of the papers had a first author affiliated with a local institution (Figure 3a). Further, out of the reported funding sources (data for 337 papers, 225 funders), the United States had the highest number of headquarters (64 funders), with their resources being invested in every political region. Other non-tropical countries in Europe and Northern America made the list of most prevalent funders, funding research in multiple political regions and, in some instances, in former colonies and tropical territories (e.g., France and the United Kingdom). The tropical countries with the most funding sources map onto the tropical countries with the most publications (Figure 3c and Figure 1a). Australia, South Africa, and Brazil funders primarily funded research within their borders.

2.3. Key features and remarks
Although PPSR was not widely documented in the peer-reviewed conservation and environmental management literature until 2005, the trends in the literature reveal patterns highlighting the opportunity to make visible the contributions that non-professionals have made to the tropical conservation and environmental management fields. For example, our analysis shows that most of the reviewed literature had at least one author affiliated with a local institution, with 63% of papers with a first author with a local institution affiliation (Figure 3a). This is higher than in adjacent literature, like bird taxonomy, where only 41.2% of new species descriptions since 1995 had a first author with a local institution affiliation (Dubay, Palmer, & Piland, 2020). We also show that much of the documented participation is connected to topics that directly affect livelihoods, such as natural resource management and fish, which is a significant protein source in the tropics (McIntyre, Liermann, & Revenga 2016; Heilpern et al. 2021). The fact that most research activities reported were undertaken in “the field” also allows readers to search for experiences that give context to future initiatives in those places or nearby and showcase the importance of the locality to the research. Similarly, the frequency of apps designed for specific research and analog data collection tools shows the importance of context-dependent tools rather than universal digital platforms. 
Our results provide a snapshot of the major trends and diversity of PPSR projects in the tropics. Still, we highlight that the papers reviewed in this study represent only a fraction of the gamut of PPSR being undertaken across the world’s tropics. The scientific publications that supported our analyses are all from peer-reviewed and internationally indexed journals in English. This selection ignores a potentially rich source of information available, such as gray literature, organizations’ internal reports, and publications in other languages. This could explain the lack of contractual research activities since these could have different publication media depending on who is contracting. In a preliminary attempt to characterize gray literature on public participation in research overall, trends in production from specific countries were quite different from peer-reviewed literature databases using the same search terms (Piland et al., 2020). In addition, our findings are based on what is communicated in the published papers themselves, which may not reflect the complexity of the experience on the ground. Peer-reviewed journals, with an audience of scientists and researchers, may favor the validation of methods and techniques, which can explain why most contributory research focuses on the participation’s validity and reliability. A future step would be to intentionally seek out experiences communicated via other means, including journals not indexed by the Web of Science, gray literature, and literature written in different languages (see similar calls to actions, e.g., Amano et al., 2021). 
Another limitation of the dataset is the time range included (up through 2020). We made this decision due to an increased attention to public participation in research during the COVID-19 pandemic, declared in March 2020, and its potential effect on how these approaches play out, which we hypothesized would begin to be published as empirical articles in 2021 (e.g., Crimmins et al. 2021; Sánchez-Clavijo et al. 2021). We have provided preliminary analyses and the dataset from our 2021-2024 literature as Supplementary Information to facilitate further research.   

3. REFLECTIONS FROM THE TROPICS

The tropics have their own histories of public participation in research, which occur in parallel and in conversation with those of the temperate zones—both happening within a wide range of social, political, and economic contexts. We have drawn from our own experiences to supplement what we learned from peer-reviewed literature. Our author list includes ecologists, conservation practitioners, geographers, hydrologists, environmental managers, political scientists, sustainability scientists, and fisheries scientists. Our work in the tropics has focused on Australia, Bangladesh, Bolivia, Brazil, Cambodia, Colombia, Costa Rica, Ecuador, Florida (United States), India, Pakistan, Peru, Tanzania, and Thailand. Most of us work in freshwater systems. This section offers brief vignettes illustrating key reflections on participation in the tropics.
3.1. Participation bridges theory and action across the tropics
While public participation has been of increasing interest to conservation and environmental management in temperate zones, participation in the tropics has linked regional scholarly theory to action for at least sixty years. For example, conceptual offerings from South America, such as “popular education” and “participatory action research,” led to the community-based research common in the region’s conservation initiatives. The “popular education” approach centers people, particularly those marginalized, on the foundation that everyone has important knowledge gained through experience. Education occurs in the dialogue between the educator’s and the student’s knowledge (Freire, 2000[1970]; Kane, 2010; Jara, 2010). To achieve dialogue, students actively participate in creating their education (Freire, 2000[1970], p. 65). “Participatory Action Research” (PAR) takes the centering and active participation of marginalized people one step further, demanding participation from “the grass-roots and their cadres … from the very beginning … remain[ing] involved at every step of the [research] process” (Fals-Borda, 1987, p. 337). While popular education asks poor people to share their experiences, PAR begins with the question, “Why is there poverty?” seeing knowledge production as a way that the powerful reproduce themselves and thus subverting this tradition by promoting research by non-professional researchers (Fals-Borda, 1987). These approaches are influential across Latin American environmental management, where issues of “social” and “environmental” justice are often not considered separately (Santos, 2018). Indeed, Fals Borda’s PAR projects engaged Andean peasants and Atlantic coast Colombian Afro-Indigenous peasants whose livelihoods depended directly on natural resources (Rojas Guerra, 2009). While Fals Borda of Colombia is known as a key proponent of PAR, by the time he organized the first World Conference of Participatory Action Research in 1977, similar concepts, theories, and practices had arisen worldwide. Scholars from Africa, Asia, and other places participated in the conference, resulting in the International Participatory Research Network (Hall & Tandon, 2018). Despite this history, the valuation of Indigenous, local, and non-professional scientist knowledge and international participation in natural resources management is relatively recent (with Ostrom, 1990 encouraging much of this work). For example, the first international agreement to acknowledge the role and importance of local communities’ knowledge and participation in environmental management and sustainable development was passed in 1992 (Secretariat of the Convention on Biological Diversity, 2011; Markkula, Turunen, & Kantola, 2019). These international organizations seek to affirm the norm of public participation for national governments to include citizens in environmental conservation and management, particularly in the face of climate change (see, for example, the Sustainable Development Goals and the Paris Agreement). Proponents of PPSR continue to make the case for their inclusion for advancing global sustainability goals (Fritz et al., 2019; McElwee et al., 2020; de Sherbinin et al., 2021) and, in the meantime, documenting lessons learned, successes, and activities in peer-reviewed literature is one strategy to build momentum towards a codified norm and value.
3.2. The importance of understanding local trust in institutions for participation
Lake Observations by Citizens Scientists and Satellites (LOCSS, www.locss.org) is an effort to better understand how the volume of water in lakes changes over time. The project uses satellites and a network of citizen scientists to monitor lake elevation. Citizen scientists observe water level changes on LOCSS-installed gauges and report them via text message, through the LOCSS website, or using spreadsheets sent via email. While the project has sites worldwide, participation in LOCSS occurs across regions and organizations that collaborate with the project. In the tropics, lakes monitored by LOCSS are located in South Asia, Kenya, and Colombia. LOCSS’s experience establishing relationships in the tropics emphasized the need to understand country-specific governance realities. Each place’s history called for a different way of moving forward with the project. Despite challenges in some cases, this work has led to research publications that have advanced understanding of water resources in the region (e.g., Ahmad et al., 2020; Khan et al., 2023, Khan et al., 2024, Gómez et al. (In Press)).
In Colombia, the project relied on existing relationships between communities and LOCSS collaborators nurtured through other initiatives. Working with the local communities directly depends on the strength of the relationship between the initial collaborators in the project (governmental or academic institutions). . Part of the approach has been to ask the local communities whether to participate in the project. Communities participate if they trust  the institution that initiated the collaboration on the ground. In the Northern state of Uttar Pradesh in India, relationships proved to be important too, but this time, those of the project with the government rather than with the community, as the bottom-up approach of engaging with the public via local academic institutions failed. Leveraging personal connections with some city officials allowed the establishment of a public lake monitoring program on a limited scale. In Bangladesh, the government was able to help recruit participants through formal means. The Bangladesh Water Development Board saw the long-term potential of using citizens to improve data collection for water security planning and actively supported the citizen-observed network for gauges to monitor lakes. This support led to the Bangladesh government prioritizing the expansion of the activity, building an active stake in the LOCSS program (Figure 4a). The involvement of citizens was then orchestrated and fast-tracked via Government staff and their field offices. Finally, there was a strong need for a similar involvement of the government water agency for both participation and logistical support in Nepal, given the rugged and remote terrain and the need for institutional support to maintain networks. The government agency there was motivated by the big-picture value of public participation and has been lending its institutional support to initiate a participatory lake monitoring program. In Kenya, collaboration started thanks to an individual citizen who connected the project to academia. Approaching to local organizations was possible thanks to the work and trust the Technical University of Kenya has in the ground. Through this work, LOCCS has learned that an accurate understanding of the top-down governance history and a strong local community-academia relationship are needed to understand appropriate public participatory frameworks. One the connections with the local communities are established keeping constant communication and delivering updates are key in maintaining trust and connections with the collaborators.

3.3. Participation in environmental conservation and management for Indigenous sovereignty
Tropical Northern Australia is a region of high conservation significance and home to over 300,000 Indigenous peoples. Indigenous peoples’ engagement in environmental management activities and scientific research differs significantly from the general characteristics of “public” or citizen engagement due to distinctive socio-political features embedded in a settler-colonial context (Hill et al., 2006; Tengö et al., 2021). Over the last 50 years, Indigenous peoples in Tropical Northern Australia have asserted their sovereign rights and interests to collective self-determination and control over their customary estates. Reflecting ethics and norms of care (Jackson & Palmer, 2015), Indigenous land and water management practices are referred to locally as ‘caring for country’ (Altman & Kerins, 2012) and include work on all the region’s major cultural, environmental and biodiversity issues, including fire management, feral animal and weed control, biodiversity monitoring, and threatened species protection. Management practices enable Indigenous communities to fulfill cultural and religious responsibilities, produce knowledge, collaborate with government agencies and other stakeholders, and develop innovative partnerships with researchers to exchange knowledge and solve existing and emerging environmental problems. This stewardship has worked with land restitution schemes and the recognition of native title, which has returned substantial territory to Indigenous control. The extensive network of community groups has grown into a “social movement, attempting to reverse destructive social and cultural change that had come about from people separated from and thus losing management control of their ancestral country” (Altman & Kerins, 2012, p. 36). This transformative movement emerged outside the formal state-based conservation system over four decades as a response to demands for Indigenous land justice and reconciliation and the pressing need to craft regional development pathways to address Indigenous disadvantage in ways that accord with local aspirations.
3.4. Expanded capacity for resource management through formal public participation
Participation in environmental management and conservation has also increased partly because of new policy and institutional frameworks adopted in response to repeated failures of projects that excluded impacted communities. For example, at Tanzanian independence in the 1960s, water and environmental policies did not consider the role of communities or private sector involvement in water development projects; most water projects failed due to poor operation and maintenance and limited public participation, especially in rural areas. A major shortfall identified in the National Water Policy of 1991 and earlier policies was the government’s assumption of responsibility for the planning, design, and construction of water supply projects and the management of water resources; these policies excluded the role of stakeholders in these functions. Water was considered a free common good, and rural people did not pay for water services. In this context, communities referred to all projects as government-owned with no commitment to ensure long-term sustainability. Tanzania’s current water policy, enacted in 2002, brought a significant change in the institutional framework (United Republic of Tanzania, 2002). It emphasizes community participation from the national to village level and involves the public in planning, constructing, operating, and maintaining water projects to ensure sustainable service provision. Water Users Associations (WUA) were established to oversee water resource management, while community-owned water suppliers are responsible for the day-to-day operation and maintenance of community water supply. WUAs must have representation from every water group in a basin (small farmers, domestic users, industrial users, and commercial agriculture), and the process of setting one up includes participatory research, awareness-building campaigns, participatory planning, and operational training (Kabogo, Anderson, Hyera, & Kajanja, 2017). WUAs’ leadership is elected by water users, and they are organized by hydrological boundaries rather than political/administrative ones (Kabogo, Anderson, Hyera, & Kajanja, 2017). Among the functions of WUA are the protection and conservation of water sources, conflict management, and monitoring of water use and environmental conditions at the village or sub-basin level. The institutional changes in Tanzania have brought forth a sequential, formal, and incremental increase in public participation in water resource management and research (Dungumaro & Madulu, 2003; Kabogo, Anderson, Hyera, & Kajanja, 2017).
3.5. Using technical applications flexibly allows for adaptive project management
Citizen Science for the Amazon began as a project to generate knowledge about freshwater ecosystems at the Amazon basin extent to inform decision-making towards human and environmental well-being. By using a citizen science approach, it sought to act as a bridge between local people, science, and governance. Over time, the project (2016-2019) became the Citizen Science for the Amazon Network (2019-2023) and then the Amazon Waters Alliance (2023 to date; https://en.aguasamazonicas.org/). It continues to promote and connect citizen science initiatives in subject matters such as fisheries monitoring, environmental DNA, water quality monitoring, and environmental education to inform policies and decisions, ultimately contributing to the integrity and connectivity of the Amazon Basin’s freshwater systems. Here, we highlight how participation in developing Ictio.org (a mobile app platform to collect and share data on fisheries across Amazon) changed the nature of collaboration and work from project to network to alliance.
The Ictio.org platform and app were developed, tested, and deployed through participatory processes (Amazon Waters Alliance, 2024) and eventually showed that the app was only sometimes the right tool for local interests and capacities and that a diversified approach was necessary. In 2017, the Cornell Lab of Ornithology partnered with the Wildlife Conservation Society to lead the process in collaboration with over 15 organizations as part of Citizen Science for the Amazon. More than 60 small group meetings, workshop sessions with partners, and focus groups with fishers in Bolivia, Brazil, and Peru were held before the app was ready to be deployed in July 2018. The main challenges in the platform and app development process entailed balancing or managing tensions between ease of use and scientific requirements, catalyzing a community of citizen scientists while addressing privacy and intellectual property concerns, and lacking digital access and/or literacy by fishers. Since the test launch in 2017 and the 2.5 version launch in 2019, a rigorous privacy policy was developed and agreed upon through a series of partner meetings. This policy allows users to access their data and opt out of summative data. Protocols to collect? data with pen and paper or WhatsApp/Facebook groups as appropriate were developed to address digital access concerns. Finally, direct lines of communication to participating local partners and the team that maintains the Ictio.org database and mobile app are made available to all users. 
As new priorities and interests emerged among partners over time, there was momentum for the project to morph into something different that could more directly represent their interests. Project partners agreed to convene a small representative committee to design this new collaboration mode. Through a systematic, participatory, and transparent process, the committee presented different options for working together, identified a way to move forward, and co-created a governance structure for the resulting Citizen Science for the Amazon Network governance model (Figure 4b). Organizations and individuals participated in research projects and information exchanges: from annual members’ meetings to frequent collaboration group meetings, from working in schools with students to attending webinars, from helping organize the Network to registering data on Ictio.org during a fishing trip. In 2023, as the group articulated its desire for shared knowledge to influence policies, it evolved into the Amazon Waters Alliance. 
3.6. Participatory research as a tool for contestation and negotiation
In some cases, participation opposes the national government’s aims. In Thailand, the participatory methodology Thai Baan Research (Ngan Wijai Thai Baan, Tai Baan, Thaibaan, or TBR) was first implemented in 2001 to legitimize the claims of local communities affected by the construction of the Pak Mun Dam in 1994. Local communities’ protests had been dismissed by the government for lacking an ‘empirical’ basis, so they forged relationships with Thai academics and non-governmental organizations to respond, creating TBR and the Living River Siam Association, or Chiang Chong Conservation Group (formerly Southeast Asia River Network; Myint, 2016). By emphasizing the roles of local communities as villager-researchers, TBR mobilizes communities’ ecological knowledge to implement frameworks for conservation agendas and pursue political resistance to dam development (Heis & Chayan, 2020). This PPSR revealed the negative effects of the Pak Mun Dam. More specifically, Thai Baan community researchers documented a decline from 265 to 45 fish species (Southeast Asia Rivers Network [SEARIN], 2004) and a significant loss of livelihoods following the construction of the dam (about 1.4 million USD, Amornsakhai et al., 2000, p. 43; Ubon Ratchathani University, 2002). By leveraging this information, the communities convinced the government to open the dam’s sluice gates for a year and evaluate the impact on fish and livelihoods. 129 fish species returned to the river (SEARIN, 2004), and livelihoods improved but did not reach pre-dam levels (Ubon Ratchathani University, 2002). These results were critical for negotiations with the government (Sretthachau, 2002; Myint, 2016), leading to agreements that assured the dam’s gates would open during the wet season. Today, Pak Mun communities continue to demand that the dam be permanently decommission to fully restore their livelihoods (Sretthachau, 2002; Baird, Manorom, Phenow, & Gaja-Svasti, 2020). TBR methodologies have expanded to other community groups, including The Chiang Khong Conservation Group along the Mekong River and Indigenous upland communities along the Salween River (Committee of Researchers of the Salween Sgaw Karen, 2005; Hengsuwan, 2019; Heis & Chayan, 2020; Sanjaroenkijthaworn, 2021). PPSR, in the form of TBR, has forged a route for local communities to have a say in.

4. RECOMMENDATIONS

In developing this paper, we agreed on five recommendations for Biotropica readers to support public participation in tropical conservation and environmental management and better value the local context and contributions from diverse communities (for how we arrived at these recommendations, see Supplementary Information). 
4.1. Improve publishing structures
A first step towards a broad recognition of PPSR across the tropics, particularly in academic circles, would be to make publishing more accessible to researchers and practitioners in the tropics. Organizations, either publishers or universities, could hire translators and copy editors to support researchers’ writing (Ramírez-Castañeda, 2020; Nuñez, Chiuffo, Pauchard, & Zenni, 2021). Perhaps this work could also be supported by new artificial intelligence tools that have improved translation services to streamline efforts (Steigerwald et al., 2022). Editors can also instruct reviewers to focus their comments and judgments on the content of research articles rather than wordsmithing or style (Pettorelli et al., 2021). Increasing the diversity of editors and reviewers to better represent people with lived experience in the tropics may also provide a more supportive publishing environment and may increase the dissemination of research innovative or relevant to the region in international research publications (Espin et al., 2017; Nuñez et al., 2019). These changes could also make way for the publication of multilingual pieces, where researchers can write in the language of their choice, and translators supply an English version to accompany it (Nuñez et al., 2019; UNESCO & Canadian Commission for UNESCO, 2022). Finally, we recommend that article processing charges take account of the effect of pricing in research dissemination (van Noorden, 2013; Smith et al., 2021).  
4.2. Transparent articulation and negotiation of research benefits
Research projects that engage the public require clear communication and transparency about the costs and benefits of research (Southwest Network for Environmental and Economic Justice, 1996; Eleta, Clavell, Righi, & Balestrini, 2019; Cooper, Martin, Wilson, & Rasmussen, 2023). In many projects, researchers conceptualize and articulate the participants’ costs and benefits before public engagement commences. While this constitutes a necessary step towards establishing a protocol or formal agreement to guide research activities, there must be multiple opportunities for consent or refusal to take part in the research and for the research direction to adapt to how these opportunities play out (Tuck & Yang, 2014; Rodenbiker, 2022). Benefits for participation can include payment, authorship, data, and others, but they should be negotiated with the participants (Cooper, Martin, Wilson, & Rasmussen, 2023; Ocampo-Ariza et al., 2023). As the previous discussion indicates, some benefits may not be economic but political or cultural or a combination of these kinds (Ocampo-Ariza et al., 2023; de Lange et al., 2023). This practice can also create the possibility of community peer review, where participants and communities impacted by the research can comment  to improve it (Liboiron, 2021). Moving towards a dynamic where participants are supported to articulate how they benefit, what costs they might incur and how to avoid or mitigate them, and the temporality or extent of their participation under transparent conditions promotes trust, a fundamental aspect of partnerships and collaborations (Jackson, 2019; Saif, Keane, & Staddon, 2022). 
4.3. Researchers actively engage with local voices 
In addition to negotiating research benefits, researchers must be open to local engagements and contributions of their knowledge (Miller et al., 2008). Lack of engagement with different ways of knowing (Indigenous and otherwise) can lead to a poor understanding of the potential outcomes of environmental research (Ferguson, 1994; Collard, Dempsey, & Sundberg, 2015). Critically engaging with local non-academic knowledge media in the local language, such as gray literature, news items, social media, podcasts, and stories, can help move researchers beyond the “official story” toward plural understandings of a situation (Haddaway & Bayliss, 2015; Amano et al., 2021; Nuñez & Amano, 2021). Further, acknowledging these knowledge sources through citation and improving the publishing structures can help change the research culture and lead to more ethical engagement with knowledge sources (Ahmed, 2017; Liboiron, 2021). The changes seen in researchers by these engagements should translate to flexibility and changes in the research projects themselves or reflexive environmental ethics (Cordner, Ciplet, Brown, & Morello-Frosch, 2012; Pienkowski et al., 2023). This body of work acknowledges that ethical research depends on each situation's context, power dynamics, and objectives. 
4.4. Expand what the standard representation of research is
Taking non-dominant knowledges seriously also requires expanding how research is defined (Checker, 2007). Contributions by non-professional scientists are well documented but only sometimes acknowledged (Varese et al., 2021). As we showed in the literature review, PPSR is an opportunity to better value the contributions of non-professional scientists. As we expand authorship and improve publishing structures, the next step is to re-think standards in standard research practice. Authorship standards can be changed to include Indigenous knowledge-holders who communicate foundational local context for Western naturalists, among others frequently excluded (Cooke et al., 2021). Additionally, standard measurements can help communicate data to academics, but they do not always make data and research legible to non-academic audiences. One example of how to do this can be learned from Thai Baan Research, where fish were measured by spoons, making the research not only more accessible but more actionable for villagers (Myint, pers. comm.). The push for standardization in established science is one of the strategies historically employed since the Enlightenment to prioritize specific ways of knowing over others, leading to epistemic injustices (Grosfoguel, 2013; Saif, Keane, & Staddon, 2022). As such, changes to these standards must also allow for them to be influenced by the people involved in and the objectives of the research: Transdisciplinary good science, research, and conservation must be reflexive to the context in which it occurs (Schneider et al., 2022). 
4.5. Long-term relationship building
These recommendations align with other calls for more equitable conservation partnerships (e.g., Ramirez-Castañeda et al., 2022; The ICBOs and Allies Workgroup, 2022). These partnerships require trust to be built (Jackson, 2019; Saif, Keane, & Staddon, 2022), and, because of the history of much conservation and sustainable development work, this means a commitment to long-term relationships (as opposed to “parachute science,” where outsider researchers complete a study and never go back; Asase, Mzumara-Gawa, Owino, Peterson, & Saupe, 2022). While some individuals can prioritize long-term relationships, many run into institutional barriers, such as professional incentives that prioritize quantity over quality, time and funding limitations, insecure infrastructure and jobs, and others (Kainer et al., 2009; Tropical Rivers Lab, 2021). Long-term, meaningful relationships are not just attitudes and interpersonal practices that researchers and the public take on but a set of enabling structural conditions that are needed for these practices to be possible (e.g., Tadaki, Brierley, Dickson, Le Heron, & Salmond, 2015). This point is supported by our authorial experience and funding bibliometric analysis: the continuing over-representation of institutions outside of the tropics, particularly in funders, suggests that many institutions in the tropics do not have the capacity and resources (including staffing and time) to invest in participatory conservation and environmental management. What institutional and organizational changes need to be made to facilitate equitable collaborations is likely context-specific. This need is illustrated in our case studies: Citizen Science for the Amazon moved from project to network to share decision-making across participants and partners, and LOCSS prioritized relationship-building where regulatory structures and partners were most powerful for implementation success. In these two cases, the organizations will likely change again to advance public participation as time passes. 

5. CONCLUSION

PILAND et al. 		PILAND et al. 
In this paper, we bring together authors’ experience, literature review, and bibliometric analysis to contribute to an understanding of what public participation in tropical research, conservation, and environmental management is occurring and why. We show that public participation has been important to our scientific understanding and management of tropical ecosystems and resources for over 50 years and has also been an avenue for expressing Indigenous sovereignty, local self-determination, and institutionalizing multiscale collaborations for even longer. At the same time, indexed journals and international policies only really started to reflect these experiences in the early 1990s, with a burst in the early 2000s. As interest in PPSR continues to increase, we propose a set of recommendations and experiences that show the importance of flexibility in research projects to adjust to local realities, knowledge, relations, and desires. Public participation presents an opportunity for context-driven and reflexive conservation, environmental management, and research practice. 
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Table 1. Illustrative examples per category of public participation in the research activities assessed in the 414 papers processed. Participation categories followed the classification proposed by Shirk et al., 2012.
	Participation Category 
	Title, year, country, ecosystem
	Description
	Authorship & funding
	Topic, participant, and data type
	Opportunities, Challenges, and/or Lessons Learned

	Contributory
(n = 349 activities)

	Modeling avian full annual cycle distribution and population trends with citizen science data

2020
Countries in the Americas, Terrestrial
	Observation data from the global bird monitoring project, eBird, was obtained to estimate the occurrence and abundance of the Wood Thrush (a long-distance Neotropical migrant and species of conservation concern) across various spatial scales throughout the annual cycle.
	First Author: Fink, D., 
Cornell Univ. USA

# Authors: 6

Funding:
Foundation (USA)

	Topic: Species diversity/ distribution of birds 

Participants: eBird users.  

Data Type: pictures, eBird App lists
	· Citizen science data demonstrated to be reliable enough to estimate relative abundance trends

· Citizen science data should not supplant data collected using more formal sampling data-- they are complementary and give information outside of the scope of any one individual sampling design, providing a basis for inference in additional habitat types, regions, and seasons that do not currently have enough research representation.

	
	Tracing coral reefs: A citizen science approach in mapping coral reefs to enhance marine park management strategies

2019
Malaysia, Marine 
	Coral reef health surveys were conducted over 32 days by a team of surveyors comprising marine biologists and volunteers who recorded information on fish species, invertebrates, and substrate. This citizen science approach proved successful and generated a baseline map revealing a difference in the health of coral reefs between the west and east sides of Tioman Island, where the West had <25% live coral cover as compared to >50% on the East.
	First Author: Lau, C., ReefCheck, Malaysia 

# Authors: 14

Funding: Government (Malaysia)

	Topic: Coral bleaching/ climate change 

Participants: Volunteers from Pulau Tioman 

Data Type: biological samples, field notes  
	· Authors highlight that the citizen science approach allows producing a baseline map with minimal resources and is still sufficiently reliable.

· Intentional training is important: All volunteers were trained to ensure a minimum 80% correct identification of indicator species and substrate categories.

	Collaborative
(n = 57 activities)
	Population recovery, seasonal site fidelity, and daily activity of pirarucu (Arapaima spp.) in an Amazonian floodplain mosaic

2019 
Brazil, Freshwater

	Community leaders and local fishermen tagged and monitored pirarucu movements and migration patterns. Scientists worked with local people to choose the sampled lakes. They interviewed experienced pirarucu fishermen about their perception of the types of habitats used by pirarucu, the level of habitat fidelity, and any differences in movement ecology between adults and juveniles.
	First Author: Campos-Silva, J., 
Fed. Univ. Alagoas, 
Brazil

# Authors: 3

Funding: International Cooperation (UK)
	Topic: Migration/
movement of fish 

Participants: Juruá River Fishing Community 

Data Type: field notes and interview responses
	· Fishing agreements empower local communities to encourage sustainable management of aquatic resources in tropical floodplains.

· Questions regarding daily and seasonal movement patterns interest fishers and can be answered by them.

	
	Participatory resource mapping for adaptive collaborative management at Mt. Kasigau, Kenya

2007
Kenya, Terrestrial
	Researchers in Makwasinyi and Jora villages facilitated resource-mapping sessions, compiled historical timelines, and recorded photos and narratives on transect walks. Participants mapped different natural and human-constructed features related to their gendered work activities.
	First Author: Kalibo, H., 
Miami Univ.
USA

#Authors: 2 

Funding: 
Academic (USA)

	Topic: Ethnobiology

Participants: 
Community of Makwasinyi and Jora villages

Data Type: field notes and interview responses

	· Participatory exercises and local collaboration create a legible study by community members.

· “How the plan is developed becomes just as important as the plan.” (pg. 156)

· Participatory studies can open up opportunities for other capacity-building experiences and participation in decision-making.


	Co-Created
(n = 37 activities)

	Towards local governance of marine resources and ecosystems on Easter Island

2017
Easter Island - Chile, 
Marine
	The local community on Easter Island started a bottom-up process to improve marine resources conservation and management. Local stakeholders formed a working group that has regular meetings and goals, such as creating a sea council and action plans, thus initiating a local governance transformation process. A participatory process was conducted together with a local organization that led the marine conservation issues on the island to define the factors that could favor and/or undermine the formation of the sea council.
	First Author: Aburto, J., Univ. Catolica Norte, Chile 

# Authors: 1 

Funding: Government (Chile)
	Topic: Resource management – fisheries

Participants: Rapanui community, Fishers

Data Type: field notes and interview responses 

	· Participatory process can identify the key issues in hindering or favoring a desired governance transformation

· An important obstacle in governance transformations is low attendance at meetings. The lack of funding is the second most influential factor in the system, which has an impact on attendance.


	
	Participatory Monitoring and Evaluation of Management Strategies to Control Xanthomonas Wilt of Banana in East and Central Africa

2009
Rwanda, Burundi and Democratic Republic of Congo, Uganda, Kenya, and Tanzania,
Terrestrial 
	A regional participatory strategy was implemented to control the disease - Xanthomonas wilt - affecting banana trees in East and Central African countries. The tools for monitoring and evaluating the effects of capacity-building efforts were developed with farmers in workshops. Results indicate that the regional strategy has been variably implemented, with differing success across the region.
	First Author: Karamura, E., Biodiversity International, Uganda  

# Authors: 6

Funding: International Cooperation (USA)
	Topic: Resource management - agriculture

Participants: Banana Farmers, NGO representatives, 
Stakeholders 

Data Type: field notes, biological samples 

	· Despite targeted strengthening of capacity building, management is differentially implemented to different levels of success.

· Mobilization of stakeholders through communications efforts such as posters, brochures and pamphlets, radio/television, documentaries, and monitoring and evaluating were seen as the first lines of defense against Xanthomonas wilt.

· Overall participation in participatory management changes over time, with communications efforts helping broaden participation and raise funds.

	Collegial
(n = 6 activities)
	Community-based conservation of leatherback turtles in Solomon Islands: Local responses to global pressures

2018
Solomon Islands, Marine 
	The Zaira community self-initiated the construction of a leatherback hatchery that could replicate the ideal nesting temperature for balanced sex ratios. The community developed a nest monitoring and satellite telemetry program to provide a regional context to their conservation efforts. The scientific and traditional knowledge of the Zaira community underpinned the community-based management regime of Leatherback Sea Turtles.
	First Author: Jino, N., 
Zaira Community. Solomon Islands 

# Authors: 7 

Funding: Not listed. 
	Topic: Resource management 

Participants: Zaira community 

Data Type: field notes and pictures 

	· The success of this effort resulted from centuries-old knowledge of leatherback turtle nesting behavior and seasonality held by the Zaira people.

· “Motivations for management of leatherbacks in Zaira appear to be driven by local identity, maintenance of land tenure, and genuine local concern about declines in leatherback populations in recent decades. In contrast with many other community-based sea turtle conservation programs, community participation in this project is not motivated by direct economic incentives or benefits, making it less vulnerable to changing market forces.” (pg. 465)

	
	Involving recreational snorkelers in inventory improvement or
creation: a case study in the Indian Ocean


2018
Reunion Island, Marine   
	Four amateur naturalists and underwater photographers registered sixty first-time entries for a species, with three species probably new to science at Reunion Island (Indian Ocean). 
	First Author: Boujon, P., Volunteer Observer Network of Reunion Marine Park, France

# Authors: 4

Funding: Not listed.
	Topic: Taxonomy/ Inventories 

Participants: amateur naturalists and underwater photographers,
practicing snorkeling

Data Type: pictures 

	· Three key factors of success: “(1) freedom of initiative of each participant, (2) regular practice of random path snorkeling sessions by resident observers, and (3) the existence of correspondent observers with sufficient naturalist skills to select relevant data for transmission to experts and authorities in charge of the management and conservation of coastal areas.” (pg. 457) 

· Authors suggest that future programs should create web resources with identification tools and training programs in naturalist photography, identification, and best practices in the field. 





Figure 1. (a) Number of tropical research activities found by country and ecosystem where the research took place. Intensity of yellow indicates number of research activities conducted in inland habitats (terrestrial and freshwater) and intensity of blue indicates number of research activities carried out in marine habitats. Countries or parts of them outside of tropical biogeographic regions (such as the United States and France) are colored in, but the research took place in their holdings within the tropics (such as Hawai’i and southern Florida for the United States, and French Polynesia and Reunion Island for France). No color means no research activities were identified for that country, although it is worth noting that activities that reported research in multiple countries are not included (61 activities total). See Supplementary Materials for more information on methods. (b) Cumulative number of research activities reported in each political region identified in 453 papers from 1995-2020 by publication year. The category “multiple” here refers to research activities conducted in multiple political regions. For research conducted in multiple countries within a single political region, activities were classified according to the political region. 

Figure 2. Bar plots with the number of research activities by ecosystem type (a), research topic (b), and taxonomic group (c). The colors of the bars in panel (c) differentiate animals (shades of purple), plants (shades of green), and other organisms (white).

Figure 3. Plots show authorial leadership and funding patterns across the multiple research papers and activities. Donut plots show that (a) 84% of reviewed papers (n = 374 papers) included an author with a local institution affiliation, and (b) 63% of reviewed papers (n = 285 papers) had a first author with a local institution affiliation. (c) Sankey diagram shows the flow of funds from the country where the primary funding source is located to where the research funds are carried out. Five countries with the most funding institutions are shown individually (United States, Australia, United Kingdom, South Africa, France, and Brazil), and the rest are summarized by political region. 

Figure 4. (a) Visual aid to guide the conversation around organizational governance structures at the Citizen Science for the Amazon Workshop in Leticia, Colombia, 2019. Drawing by Karen Soacha. Image credit: Natalia C. Piland. (b) Participants holding informational signs as part of the LOCSS project in Bangladesh. Image credit: Bangladesh Water Development Board.
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