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Engagement in biodiversity citizen science initiatives can confer health and wellbeing benefits to individuals and communities. Yet, few biodiversity citizen science initiatives are explicitly planned to optimize health and wellbeing as a potential co-benefit, leading to missed opportunities for biodiversity conservation and human health. In this perspective, we use a dose-response approach to discuss the components that determine how engagement in biodiversity citizen science initiatives map onto opportunities to foster health and wellbeing benefits. We considered aspects related to the duration and frequency of contact with nature, and the intensity of interactions with nature and between individuals to highlight the different health benefits across the variety of citizen science initiatives. To illustrate these aspects, we use a sample of 95 citizen science initiatives from seven English and non-English-speaking countries and show how careful project design can increase the potential to confer health and wellbeing benefits to participants. We conclude with considerations on how to enhance the health and wellbeing benefits from citizen science initiatives, and propose potential research avenues to assess synergies and trade-offs between benefits to biodiversity and human health from these initiatives.
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INTRODUCTION
Citizen (or community) science initiatives focused on crowd-sourcing biodiversity data are increasing rapidly in number and scale. These broadly refer to initiatives that engage volunteers (members of the public, who may or may not be scientifically trained) to work with professional scientists to collectively gather and/or process data (Miller-Rushing et al., 2012; Bonney et al., 2016). Consequently, citizen science data now form one of the predominant sources of biodiversity data (Fritz et al., 2019), is widely used to track biodiversity change (Forister et al., 2021), inform on-the-ground conservation approaches (Sullivan et al., 2017), and quantify ecological processes and species interactions (Groom et al., 2021) in many regions of the world. However, the potential benefits of citizen science initiatives extend far beyond the contribution of biodiversity data (Peter et al., 2021; Williams et al., 2021). Understanding the aspects that influence how people benefit from these initiatives can have important implications for policies that improve human health and wellbeing.
Citizen science projects can enhance human health through interactions with nature (Nigg et al., 2022), and the social contexts within which these projects operate. As most biodiversity citizen science projects require participants to be outdoors to collect data on biodiversity and the environment, these initiatives facilitate health-promoting behaviors such as physical exercise through walking and hiking (Warburton and Bredin, 2017; Biddle et al., 2019). A physical immersion in nature activates psychological and physiological mechanisms that can directly and indirectly reduce stress, improve mood (Alcock et al., 2014), and enhance cognitive function (Stobbe et al., 2022). Citizen science initiatives often require active engagement from participants in biodiversity data collection, and this could offer greater psychological benefits than the passive experience of visiting greenspaces. Furthermore, the inherently social and collaborative nature of citizen science initiatives often necessitates interactions among participants, fostering social connections and reducing social isolation―key factors for strengthened mental resilience and wellbeing (Evans et al., 2005; Jordan et al., 2011). Citizen science initiatives may also create opportunities to empower marginalized groups, such as older adults, to effect meaningful changes in their environment, as seen in projects documenting urban features for healthy aging (Wood et al., 2022). Participation in citizen science initiatives can promote personal growth, learning, and a sense of purpose (Day et al., 2022), contributing to overall wellbeing and life satisfaction, and potentially benefiting physical and mental health (Pocock et al., 2023).
From a health perspective, biodiversity citizen science projects encompass numerous elements that foster health-promoting behaviors, positioning them as potential “nature-based interventions” for healthcare practitioners. Nature-based interventions are intentional programs, activities or strategies designed to engage individuals in nature-based experiences with the specific objective of enhancing health and wellbeing (Shanahan et al., 2019; Gritzka et al., 2020). The growing interest in nature-based interventions is fueled by the global mental health crisis and a need to reduce the production and consumption of pharmaceutical products to minimize their adverse impacts on the climate, environment and biodiversity (Van Den Bosch and Ode Sang, 2017; Belkhir and Elmeligi, 2019; Gworek et al., 2021; Helwig et al., 2024). Research has shown that increased engagement with nature can buffer the negative mental and behavioral impacts of intense stressful events, such as the COVID-19 pandemic (Berdejo-Espinola et al., 2021). Nature-based interventions are centered around green (e.g., urban parks, forests and wilderness), blue (rivers, lakes, coastal areas) and other natural elements (e.g., geological formations). They encompass a wide range of activities, from the development of community gardens, to sea swimming initiatives and wilderness programs (Hunter et al., 2019). These interventions can be conducted in individual or group settings. Nature-based interventions not only support health promotion and prevention, but may also be recommended as treatments within a broader suite of therapeutic tools (De Bell et al., 2024). Biodiversity citizen science projects thus represent a crucial opportunity for healthcare systems to innovate their services (Britton et al., 2020). Urban and public health administrations are beginning to acknowledge the importance of proximity to, and interaction with natural environments as proactive health interventions for populations (Maller et al., 2006).
Here, we illustrate how engagement in biodiversity citizen science projects create opportunities to foster health and wellbeing benefits. We present a dose-response perspective to discuss the main components that determine the potential health benefits of biodiversity citizen science initiatives, and how it supports a rapid and comprehensive assessment of nature exposure in relation to social determinants of health. We demonstrate its application with two case studies that represent the primary ways we interact with nature daily: direct and indirect engagement. We then discuss considerations for extending biodiversity citizen science initiatives as nature-based health interventions, and explore potential synergies and trade-offs between biodiversity and human health goals. To fully recognize the suite of conservation and health benefits associated with engagement in biodiversity citizen science projects, we argue for an explicit consideration of the pathways that amplify human health and wellbeing benefits. This holistic understanding is essential to maximize the positive impacts of these projects on both biodiversity conservation and human health.
EVALUATING NATURE EXPOSURE IN BIODIVERSITY CITIZEN SCIENCE INITIATIVES
Our approach encompasses two major components: (i) the interactions that individuals have with nature; and (ii) the social determinants of health, such as forming quality relationships with others. This approach integrates perspectives from ecology and health. The dose-response perspective was originally developed to model the effect of a dose of a substance or activity on health outcome(s) of an individual, community or population (Altshuler, 1981). It has been used to determine the duration and intensity of physical activity associated with premature mortality and the prevention of chronic medical conditions such as cardiovascular disease (Warburton and Bredin, 2017). It has also been adapted to assess the components of nature exposure that impact human health, such as (i) the frequency of exposure (how often), (ii) the duration of exposure (how long), and (iii) the intensity of exposure (the quality or quantity of nature itself; Shanahan et al., 2015; 2016).
This perspective can be applied to understand the spatial and temporal dynamics (quantity) of opportunities for human-nature interactions within a citizen science initiative, and across groups of initiatives. Of key relevance are measures of how frequently a citizen science event occurs and the duration of each event. These metrics are crucial as they also define the sampling effort in biodiversity data collection, and commonly take the form of how much time, distance or area covered by the data collector and typically reflected in the metadata of the biodiversity data generated through citizen science initiatives. For example, sampling effort using eBird data (a citizen science platform used to record bird species) can be quantified using the total number of checklists submitted for a given location and time period, providing an indication of observer activity (Box 1; Sullivan et al., 2017).
The intensity of exposure is less well-defined as it is highly dependent on the scientific discipline of the citizen science project. For environmental projects, this could be tied to measures of biodiversity, such as the number of taxonomic groups (e.g., plants, vertebrates) and taxonomic diversity (e.g., encountering 50 versus 10 bird species). It could also be the structural complexity of the natural environment where these citizen science initiatives take place; for instance, a patch with more vertical layers of vegetation is more complex and thus may deliver a more intense interaction with nature than a simple grass lawn. From a social health perspective, intensity of exposure can involve measures that recognize the balance between costs and benefits, such as the degree of urbanization intensity. A person’s overall health status is therefore a function of exposure to nature (benefits) and human stressors (costs; White et al., 2023). This approach also considers social determinants of health, including whether the initiatives are conducted in individual or group settings, the extent of contact between participants and project staff or researchers, participants’ gain in knowledge and skills, and the degree to which citizen scientists experience a sense of contribution and recognition.
Box 1: eBird (direct nature contact)
eBird is a popular field-based data collection app, wherein individuals submit checklists of bird species, and their abundances, they encounter as the primary data. Each checklist also captures secondary data relating to the sampling effort (i.e., the duration and route taken during the birdwatching activity) and the number of birders present (i.e., if the birding event was done alone or as a group, as each checklist could be “shared” with other birders). From a conservation perspective, checklists aggregated at a specific location across time are analyzed to assess changes in bird population trends and composition. From a health perspective, the “sampling effort” secondary data provides a measure of the quantity of nature contact. Aggregated across time and space, checklists submitted by one individual could provide objective measures on how frequently they engage with nature, and the average duration per nature visit. The geolocated data could then be associated with other environmental data such as digital elevation maps and landcover maps to generate a measure of the intensity (e.g., whether the birdwatching took place within a highly dense and polluted city or within wildlands) of the nature-based physical activity, with possible links to health-centric measures such as energy expenditure. Further inquiry could include investigating whether nature contact varies by socio-demographic factors such as group size, age and gender. This may be particularly useful for public health researchers and practitioners to explore the use of biodiversity citizen science initiatives on potentially at-risk communities such as those who are socially isolated, groups such as older adults or those living with mobility or sensory limitations who are in search of meaningful engagement and use of their skills, and persons with chronic illness who often struggle to re-engage in physical activities and communities of shared interest.
Box 2: FrogFind (Indirect nature contact)
FrogFind is an online citizen science initiative where each participant is presented with a 30 s audio clip collected from an Australian habitat. Each clip may contain calling frogs, and participants are asked to identify the species of frog(s) calling. There is also a forum for online social interaction between participants and between participants and project staff and researchers. From a conservation perspective, analyzed calls support herpetologists in understanding the spatial and temporal distribution of target frog species. From a public health perspective, exposure to natural soundscapes (typically characterized by sounds from animals, wind or water; Buxton et al., 2021) can have a range of positive effects related to wellbeing, including improved mood and cognitive function (Buxton et al., 2021; Stobbe et al., 2022). Some research suggests that greater species richness may contribute to more mental health benefits (Fisher et al., 2021) but findings are mixed (Rozario et al., 2023). Indirect nature contact could also be useful for persons with functional limitations, such as impaired mobility. While they may be unable to directly interact with nature, they can help in the categorization or analysis of nature-based data, which could contribute to their wellbeing through engagement in a meaningful activity and/or with a like-minded community; the astronomy community provides an excellent model here (Christian et al., 2012). The burgeoning “passive citizen science” literature using social media to document aspects of nature is also notable; for example, observational data of diurnal birds by photographers on Flickr aligns closely with data compiled through the National Biodiversity Network Atlas (Edwards et al., 2021), and could be a way to engage an even wider community in terms of awareness and engagement with nature.
EVALUATING HEALTH AND WELLBEING OUTCOMES FROM BIODIVERSITY CITIZEN SCIENCE INITIATIVES
Quantifying health and wellbeing outcomes in biodiversity citizen science initiatives requires approaches that can be tailored to the specifics of each initiative. Methods range from administrating surveys before and after program engagement, to implementing more holistic frameworks involving healthcare practitioners. Regardless of the chosen approach, it is essential to distinguish between short-term and long-term outcomes. Short-term outcomes, such as stress levels, can be measured immediately before and after participation, and are more likely to improve after a short-term, one-off citizen science event (Oh et al., 2024). Long-term outcomes, such as depressive symptoms, are less responsive to short-term interventions (Oh et al., 2024), and more likely to be influenced by repeated engagement with citizen science initiatives. Frameworks developed to evaluate complex health interventions may also be applied to evaluate benefits and impacts of biodiversity citizen science initiatives. These frameworks emphasize flexibility, and extend evaluation beyond whether a single target outcome was achieved, to encompass diverse impacts, potential mechanisms of effect, the influence of contextual factors and resources required to deliver benefits (Skivington et al., 2021).
We recognize that a targeted evaluation of the specific health and wellbeing benefits of citizen science initiatives extends beyond the scope of many citizen science coordinators, who already balance diverse goals such as enhancing scientific literacy and contributing to scientific research. Collaborating with health and social science experts can facilitate effective evaluation and adaptation, rather than placing additional burdens on coordinators. For example, if increasing nature-based physical activity is a goal, then initiatives could be designed with features that encourage participants to gradually increase the frequency, duration and intensity of their engagement. Recognizing the curvilinear relationship between physical activity and health benefits, where notable health benefits are observed with relatively minor volumes of physical activity (Barton and Pretty, 2010; Warburton and Bredin, 2017), initiatives such as eBird (see Box 1; Figure 1) exemplify inclusivity and flexibility. By allowing participants to engage with nature on their own terms, without minimum engagement requirements that may create barriers to participation, this feature accommodates diverse preferences. It also enables participation in various settings, from birding in a forest (direct) to observing birds in gardens from a living room window (indirect).
[image: Figure 1]FIGURE 1 | Biodiversity citizen science initiatives are conducted along a spectrum of natural and urban environments that could range from unmanaged, more remote wilderness (left; blue) to cities (right; orange). The radar chart in the center compares potential metrics of citizen science initiatives as nature-based interventions, comprising possible components such as the frequency and duration of nature interactions, intensity, number of social interactions (with other participants and/or project staff and researchers), knowledge gain, and sense of contribution. The radar chart will vary across individuals and initiatives, which we illustrate with two examples: (A) a field-based citizen science initiative that engages in birdwatching in forests as a group (see also Box 1); and (B) a citizen science initiative that uses digital platforms to engage individuals with disabilities (see also Box 2). Accordingly, the blue line in the radar chart represents metrics associated with the first example, while the orange line in the radar chart represents that from the second example. This illustrates how different contexts could influence the nature and social determinants of health within biodiversity citizen science initiatives. Photos are by: Ravi N Jha from Unsplash, and Freepik.
By reimagining biodiversity citizen science initiatives as integral components of broader health and wellbeing interventions, we can enable a more comprehensive evaluation of their impacts and the processes driving these changes. While it may be challenging to achieve all biodiversity and health goals to a high standard, embedding health and wellbeing considerations into the core goals and design of projects, rather than treating them as separate additions, can unlock new synergies that amplify their utility and impact on conservation and human health. Particularly since the process of assessing nature exposure is relatively straightforward (as demonstrated in Figure 1; Boxes 1, 2) ―metrics related to sampling effort not only contributes biodiversity data collection but also naturally serve as measures of health-promoting behaviors.
CONSIDERATIONS TO MAXIMIZE CITIZEN SCIENCE INITIATIVES’ POTENTIAL AS NBIS
Citizen science initiatives hold significant potential as nature-based health interventions due to the diversity in combinations of quantity and quality of nature exposure offered, methods of delivery and target groups (Box 3). The wide variety of citizen science initiatives could engage a broad segment of the population as it allows individuals to choose initiatives that best suit their needs and capabilities. Such a transition towards health-promotion where people are empowered with the skills and confidence to manage their own health could reduce societal burden on healthcare resources.
As with most societal change initiatives, motivation and capability are necessary for widespread uptake of biodiversity citizen science initiatives (Soga and Gaston, 2021), and constraints on motivation or capability may limit participation and health goals. Motivation, a process which energizes and directs behavior, is often higher in individuals who already have a strong connection to nature. This connection significantly shapes people’s experiences of and motivations to engage with nature, and it is those who exhibit a higher-than-population-average connection who engage in citizen science initiatives (Oh et al., 2024). Consequently, the application of citizen science initiatives as nature-based interventions may inadvertently perpetuate health inequalities as health and wellbeing benefits derived from engagement in biodiversity citizen science initiatives are limited to those who participate, and do not necessarily translate to broader societal or population levels. Indeed, access to nature and nature-based recreation is limited for many social groups (Suárez et al., 2020; Dean et al., 2022). For example, field-based initiatives are unlikely to engage individuals with health or mobility challenges, even though these individuals could make meaningful contributions (e.g., retired teachers), and derive significant benefits from their participation.
To ensure that citizen science initiatives gain traction at societal and population levels, and become recognized as public health (not just health) interventions, a multi-faceted approach is needed. This should combine bottom-up promotion of the desired behavior and its benefits to normalize participation, while securing appropriate funding support from top-down sources, with a focus on social groups rather than individuals (Hébert-Dufresne et al., 2022). Through this, citizen science initiatives can exhibit the three characteristics of a public health intervention: (i) scope: the intervention improves the health of entire populations, often through community-wide or population-level efforts (e.g., vaccination programs); (ii) focus: prioritizes the prevention of health problems and promotes healthy behaviors and environments, through programs and policies that affect entire communities (rather than diagnosing and treating individual diseases); and (iii) delivery approach: involves various stakeholders including government and non-governmental organizations, rather than confined to healthcare systems and medical staff (Escoffery et al., 2019).
Capability refers to an individual’s capacity to engage in interactions with nature (Soga and Gaston, 2021). While discussions have primarily focused on physical capability (e.g., the physical ability to climb mountains) and cognitive capability (e.g., skills to identify species), it is important to understand the socio-economic factors that constrain capability. Challenges related to diversity, equity and inclusion in citizen science initiatives mirror those in nature-based interventions (Cooper et al., 2021). Many biodiversity citizen science initiatives, especially those involving field-based data collection and direct contact with nature, exclude historically underrepresented populations such as women and people of color, due to negative experiences related to racism or general feelings of unsafety (Bailey et al., 2020). A cross-sectional study on demographics of citizen science participants demonstrated an underrepresentation of women from ethnic minorities, and socio-economically disadvantaged individuals (Pateman et al., 2021). Incidents such as that experienced by African-American bird enthusiast Christian Cooper highlight safety concerns for participants from minority groups (Bailey et al., 2020). Addressing these barriers is crucial to actively promoting participation in underrepresented or vulnerable groups in citizen science initiatives. For example, co-production principles which focus on creating safe and inclusive environments while providing resources and support for diverse participants can have meaningful impacts on breaking down some of these barriers (Hidalgo et al., 2021).
BOX 3: Nature exposure varies considerably across biodiversity citizen science initiatives
To demonstrate the diversity of citizen science initiatives and the extent to which they facilitate nature exposure, we performed a general search for citizen science initiatives using Google.com, covering a total of 95 citizen science initiatives across seven English and non-English speaking countries (English: Australia, Singapore, India and the United States of America; non-English: Colombia, Argentina and Germany; see Supplementary Material for details on search method). This was not intended to be a comprehensive analysis, rather we use it for illustration. For each citizen science initiative, we extracted data on quantity of nature exposure, specifically the duration of each data collection event (minutes) and the frequency it occurs within a year (e.g. daily, weekly, monthly etc.). We also extracted possible biodiversity and social measures of intensity, such as (i) number of biodiversity taxonomic groups; (ii) type of contact (direct or online); (v) whether engagement occurred in an individual- or group-setting.
We found that citizen science initiatives varied in their duration and frequency of nature exposure, and biodiversity and social measures of intensity. In general, the duration ranged from 1 to 855 minutes (average 141.4 ± 40.8 SE), while the frequency ranged from 1 to 370 monitoring sessions per year (average 153.7 ± 33.7 SE). There was a general trade-off between duration and frequency of nature contact monitoring sessions of longer durations tend to be conducted less frequently (Figure 2). The intensity of nature exposure—in this case the type of ecosystems and taxonomic groups participants encountered—varied across terrestrial, intertidal and marine settings but favored more easily detectable taxonomic groups such as birds (29.0%) and mammals (16.1%; Figure 2).
[image: Figure 2]FIGURE 2 | Summarizes the variability in citizen science efforts by country, social setting, and taxonomic focus from 95 citizen science initiatives. The heatmaps illustrate the (A) average duration (in minutes) of citizen science monitoring events and (B) the annual frequency (number of times a year) of citizen science monitoring events in various social settings (group, individual, or both individual and groups) across seven countries. Darker shades indicate longer durations or higher frequencies. (C) The bar chart depicts the percentage of citizen science initiatives investigating each taxonomic group, with some initiatives focusing on two or more groups (green columns; x-axis). The solid line represents the average duration (in minutes) of one monitoring session, while the dashed line indicates the annual frequency (number of times a year) of monitoring sessions for each taxonomic group (y-axis).
Inter-cultural differences similarly existed—initiatives in Asia had more frequent nature contact at an individual level, while initiatives in Latin America were of a lower frequency for individuals but occurred at higher frequencies in group settings (Figure 2).
It is essential to consider variations in how people perceive and respond to nature-based activities, and the types of nature and climate that they face. Geographic, cultural and socio-economic factors significantly shape health behaviors and perceptions of wellbeing. Some populations live with greater risks of ill health from nature exposure due to climate differences (e.g., greater heat risk; Kjellstrom et al., 2009), safety concerns (e.g., armed conflicts in biodiversity hotspots; Ladan, 2014; Ordway, 2015) and existing biodiversity (e.g., encounters with dangerous wildlife such as bears; Abrahms, 2021). To maximize participation, initiatives must be culturally sensitive and align with the values and contextual constraints of the target population.
The plurality of citizen science initiatives challenges their appraisal as a safe, effective and affordable nature-based health interventions. For stakeholders to conduct such an appraisal, a logical first step involves a transition from isolated assessments to a collaborative, multi-project approach. Computer science methods offer great potential to innovate how health and wellbeing changes are monitored in citizen science participants, regardless of which initiatives they engage in. For example, using federated databases and learning systems to access multiple health and wellbeing datasets can streamline the analysis of high-resolution data, promoting standardization across initiatives. In this model, citizen scientists store their health and wellbeing data on personal devices or within existing citizen science apps. Through a central “management node,” researchers can pose specific questions such as analyzing bird observations in particular regions or among specific user groups (e.g., individuals with disabilities). This federated learning approach can be extended to wearables (e.g., FitBit), fitness and wellbeing apps (e.g., meditation, yoga apps), empowering individuals as valued data sources who maintain control over their information while contributing to a larger collective. It further reinforces a positive feedback loop wherein individuals are empowered to use their data to improve their own health. A compelling example is the Estonian Biobank where 210,000 Estonians (20% of the adult population) contributed genetic samples and received their genetic results. These participants were provided with valuable information about their genetic traits, including disease risk, ancestry markers and variation of other health-related markers (e.g., genes influencing caffeine metabolism) (Callaway, 2024). Empowered by this knowledge, individuals can take appropriate actions based on their results (e.g., reducing caffeine intake if they possess a gene variant that slows caffeine breakdown).
BENEFITS TO BIODIVERSITY AND HUMAN HEALTH: SYNERGIES AND TRADEOFFS
Understanding the co-benefits of biodiversity citizen science initiatives for both conservation and human health is essential to ensure that projects align with practical applications in conservation management and policymaking. The intertwined relationship between biodiversity and human wellbeing underscores the importance of investigating the synergies and potential trade-offs inherent in these initiatives. Achieving benefits for both biodiversity and health is complex, as these outcomes are not independent of each other (Walker et al., 2021; Pienkowski et al., 2024), and relationships might be highly non-linear (Howe et al., 2014). As such, unintentional trade-offs might result when initiatives overlook the interactions between them. For example, facilitating community access to urban greenspaces typically incurs a lower ecological impact than accessing threatened ecosystems or protected areas; urban greenspace use is less likely to undermine conservation goals through habitat degradation, species disturbance, or the introduction and spread of invasive species. However, this approach could reduce health benefits if urban greenspaces are subjected to intense air and noise pollution, or lack necessary infrastructure that encourages physical activity and sustained social interactions. Conversely, providing carefully-managed access to natural ecosystems could strengthen conservation goals through acquiring data to overcome knowledge gaps. Through these efforts, citizen science initiatives can exemplify the practical application of integrating conservation and human health objectives to inform future conservation management and policymaking to embrace a more holistic view of environmental stewardship and community wellbeing.
Incorporating health and wellbeing as a recruitment strategy in citizen science initiatives can serve to attract a broader subset of society, enriching the dataset available for conservation efforts. Specifically, health and wellbeing benefits may appeal to those subsets of society where citizen science recruitment is currently lower, resulting in biases in sampling. This expanded participant base not only diversifies the scope of collected data but also enhances the applicability of findings in informing policy making and conservation strategies. Leveraging the universal value of health as a catalyst for broader engagement and more comprehensive research outcomes can significantly enhance the impact of citizen science initiatives.
CONCLUSION
The synergistic integration of health and wellbeing goals into biodiversity citizen science initiatives holds great promise for amplifying their impact also as a nature-based health intervention. By aligning biodiversity project goals with health outcomes and utilizing straightforward metrics to assess nature- and social-determinants of human health and wellbeing, we can create a powerful model that recognizes the interconnectedness of environmental and human health. This approach paves the way for innovative and impactful citizen science initiatives that serve the dual purposes of advancing nature conservation and promoting healthier communities.
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