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ABSTRACT

Citizen science has recently emerged as a powerful tool for wildlife monitoring and conservation efforts, offering cost-effective, large-scale data collection that supports traditional scientific research methods. This study explores the integration of citizen science into wildlife monitoring, citizen science data applications, and challenges that could be faced while giving insights into future directions. Citizen-generated data—including observational, environmental, geospatial, acoustic, photographic, and genetic information—contribute to population estimations, health and biodiversity assessments, and threat detection. Moreover, the fusion of advanced technologies including mobile applications, web platforms, remote sensing, and artificial intelligence has significantly improved data quality, citizen engagement, and geographical coverage. However, challenges persist, including concerns about data accuracy, long-term participant engagement, and technical knowledge gaps. Addressing these issues through user-friendly technologies and robust training programs is crucial for maximizing the potential of citizen science in wildlife conservation. As global biodiversity faces increasing threats from climate change and deforestation, citizen science offers a vital solution for wildlife monitoring and protection, fostering stronger connections between humans and nature while supporting evidence-based conservation efforts.
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Introduction

The concept of citizen science was known in the early twentieth century and recorded for the first time in 1989 when it was used to record a large amount of data on the National Audubon Society’s Christmas Bird Count.1 Originally, “citizen science” was associated with being a part of a wider process called citizen-generated data processes and practices that incorporate citizens/volunteers in data collection strategies.2 Recently, special attention was given to “citizen science,” as it counts on involving the public and community in science. Herein, citizen science is shown to be associated with various terms such as “community-based research” and “participatory action research,” aiming at involving public health, environmental, and social science research.3 In simple terms, as per the National Park Service, this term clearly emphasizes that science is for everyone. It is used to reflect the public involvement in different stages of scientific research and development, including design experiments, data collection, result analysis, and problem-solving. This incorporation supports scientists, decision-makers, and managers to effectively address scientific problems using local and community-based evidence.4 Similarly, citizen science integration can help with capacity-building while offering new job opportunities, improving employment, enhancing knowledge among locals, and most importantly creating environmental awareness.5

The World Wide Fund for Nature showcases that ecosystem and biodiversity conservation is vital for not only human protection but also climate change mitigation, food security, land protection, and environmental sustainability. This is associated with their significance in food and nutrition provision, disaster reduction, shelters for species and habitats, local community empowerment, and medicine supply.6 Despite their importance, wildlife and biodiversity are currently at risk of various threats and challenges, including climate change impacts, habitat destruction and fragmentation, illegal trade and poaching, increased pollution, and invasive species diffusion.7 This underscores the crucial need for wildlife monitoring, biodiversity management, and ecosystem conservation, which are connected to sustainable development goals (SDGs) and human health.8

Wildlife monitoring activities play a fundamental role in achieving efficient management, attaining successful conservation projects, and overcoming challenges. Monitoring is used in the initial stages to assess land and ecosystem conditions, identify population size, measure changes, and detect threats. Following this, monitoring measures the success of conservation actions, detects drawbacks and barriers, and guides for better management approaches.9 An ongoing monitoring system of wildlife populations and their habitats supports research initiatives, focusing on collecting data on habitat changes, areas, behavior, and needs. These data eventually inform wildlife conservers, stakeholders, and decision-makers to adopt conservation-oriented strategies and properly adjust management approaches to habitat and ecosystem needs.10 However, monitoring can be challenging and time-consuming without clear planning, which can result in a huge amount of complex, inaccurate, and hard-to-analyze data. Hence, it is crucial to develop clear, simple, and replicable monitoring programs, especially considering the large time needed to experience the results of conservation approaches.9

Citizen science based on community and local involvement is seen as an efficient and cost-effective tool to support wildlife-monitoring approaches. As previously mentioned, citizen science aims to incorporate citizens mainly in data collection and sampling designs, where data gathered are effectively used to quantify, assess, and evaluate species and population patterns and trends.11 Citizens’ integration into scientific research provides large-scale, cost-effective, and accurate monitoring programs of wildlife populations and their related species. This is mainly linked to their capacity to support field-based, temporal, and spatial data collection. Herein, the combination of citizen data and other datasets and data types significantly improves wildlife population and species estimation, assists in the density and distribution establishment of several wild animals, and eventually supports wildlife monitoring and informing conservation.12

Citizens mainly contribute to field-based data collection by conducting field surveys, which have proved to be a cost-effective method to offer insight into different habitats’ trends and patterns.13 However, an increased interest in novel technologies such as remote sensing, machine learning (ML), and artificial intelligence (AI) highlights the potential integration of these technologies with citizen science, resulting in more accurate, cost-effective, large-scale, and faster data collection methods. For instance, in Spain, an increase in the use of autonomous recording units for wildlife monitoring shows citizens’ contribution in assessing and identifying the rate and the most common season/time of the year for bird migration. Citizen science records were mainly used as an independent and accurate source to compare and validate trends in bird migration.14 Likewise, in Australia, decision-makers combined between “remotely piloted aircraft (RPA)” also known as “unmanned aerial vehicles (UAVs)” or “drones” power and citizen science capacity to effectively monitor and estimate seal abundance. RPA was mainly used to collect an orthomosaic image of the entire fur seal breeding area. Citizens were using spatial images to count and record the number of seals using a citizen science online portal that helps citizens divide seals into categories and effectively provide accurate information.15

Citizen science not only supports wildlife monitoring but also proves beneficial on multiple levels, including increasing research capacity, engaging communities in problems and solutions, improving public awareness, and identifying barriers and challenges from public perspectives.16 Moreover, the integration of novel technology (e.g., remote sensing, ML, internet of things, online platforms, and AI) can highly serve as a valuable component for citizen science practices. This integration potentially ensures high levels of performance among citizens, boosts their motivation and immersion, improves data quality and accuracy, and eases communication between citizens and stakeholders.17,11,18 Likewise, novel technology integration effectively overcomes several challenges including data replicability, small-scale monitoring, and lack of accuracy, by offering a cost-effective tool to monitor wildlife on a large scale with more reliable and accurate data.15

However, integrating citizen science in a long monitoring process requires continuous capacity-building, training, commitment, time, effort, and motivation among participants. These requirements can potentially influence the participation rate, resulting in delays in the process.19 Additionally, without a standardized and well-structured adoption of citizen science, data quality and accuracy can be highly influenced, requiring continuous monitoring and maintenance.20 This study mainly focuses on providing a better understanding of the integration of citizen science into wildlife monitoring and management. The main objectives aim to i) identify how citizen data are used and collected for wildlife-monitoring initiatives, ii) highlight the use and application of the data collected by citizens, and iii) determine the challenges associated with their implementation. Finally, this research intends to motivate and empower citizens to be actively involved in scientific research, biodiversity conservation, and ecosystem protection while boosting their knowledge and skills in wildlife monitoring. Nevertheless, this concept should encourage policymakers and stakeholders to optimize their resources, expand conservation efforts, and effectively adhere to UN SDGs.



Citizen Science Data in Wildlife Monitoring

Types of Citizen Science Data

Citizen science data have been found to mainly focus on species identification and counts that aim at identifying species type and population dynamics while giving insights into their abundance, density, and appearance. Moreover, these data support behavioral observations of species and habitats while assessing conditions and changes. In sum, citizens significantly help with collecting environmental parameters, such as species distribution, migration patterns, and seasonal changes.21 Some of the major types of citizen science data collected are as follows:

Observational Data: These data mainly cover population size, distribution, and habitat use in addition to data on species presence, absence, abundance, noise, and occurrence probabilities. Herein, data are mainly gathered through citizens’ observations, hikes, and camera traps. Afterward, the data are submitted to specific platforms and applications, such as iNaturalist, eBird, and camera traps. For instance, a platform called iSeeMammals was launched in 2017 to assess the significance of citizen science in improving population abundance estimates. This platform enabled citizens to effectively collect different types of data, which were summarized as “presence-only,” “absence,” or “non-detections”.11 In general, observational data inform stakeholders on species presence, locations, behaviors (e.g., feeding, mating, and nesting), and timing of natural events (e.g., migration and breeding).22

Environmental Data: Citizens contribute to environmental science and protection through observing and documenting specific environmental data. These data mainly include information on land use land cover change (LULCC), deforestation, water and air quality, and disease threats.23 In addition, other environmental variables and parameters such as air pollution, noise disturbance, temperature, humidity, rainfall, pH levels, and pollutant concentrations can be gathered to effectively improve the environmental quality of life and enhance sustainable livelihoods and biodiversity management.24,25

Geospatial Data: Citizens equipped with robust spatial technologies and/or GPS-enabled smartphones can effectively gather accurate remote sensing data. Different data sources can be generated, including aerial images, thermal images, airborne laser scanner data, land-based mobile mapping data, and UAV data.26 Using these sources, citizens could support wildlife monitoring by providing insights into natural hazards such as floods, wildfires, and/or landslides; species’ geographical locations, movements, and migration patterns; information on LULCCs; and environmental parameters such as normalized difference vegetation index, soil moisture, and vegetation health. Thus, the integration of citizen science with open earth observation data significantly informs biodiversity efforts, improves wildlife monitoring, and supports disaster management and ecosystem protection.27,28

Acoustic Data: This type of data benefits from the integration of citizens into wildlife monitoring and management. Citizens can use recording devices to measure and record acoustic sounds of animals, ecosystems, and nature (e.g., bird tweeting, frog calls, winds, and water flow). In general, sound and acoustic recordings are significantly used to gather a better understanding of animal biodiversity and to monitor species presence, behavior, and communication methods.29 This is achieved through a wide range of platforms and applications, allowing an easy and effective record process for citizens. For instance, FrogID, an effective platform and database for frogs, allows citizens to easily identify and record species through smartphone technology. This platform offers a biodiversity database with geo-referenced frog species records and a digital collection of frog calls.30

Photographic Data: An effective and successful wildlife-monitoring process provides visual evidence of species presence, abundance, behaviors, and conditions. Therefore, by using specific platforms (such as iNaturalist and eBird), citizens can provide, upload, and share photographs and videos on species and habitats during their observations. This helps in documenting rare species, identifying individual animals, and recording changes over time. These databases showcase the public engagement with nature and different species.31

Genetic Data: Genomic data are an effective tool to analyze and predict biodiversity patterns and trends. These data serve as a robust, quantitative, and comparable foundation for biodiversity assessments, conservation, and restoration.32 Therefore, citizens contribute to this end by collecting physical samples (e.g., hair and feces) for genetic analysis. The data obtained advise on species’ genetic diversity, endangered species, population structure, and health.33

Data Collection Methods and Procedures

Citizens are the main contributors to a comprehensive and large-scale data collection process in citizen science projects. Hence, it is crucial to offer them comprehensive and clear approaches for collecting the required data. Data collection processes vary between two known methods: “traditional field-based methods” and “remote sensing methods.”

Traditional methods used for monitoring generally comprise i) observations and recordings made by humans that can be acoustic and/or visual, ii) transect surveys, and iii) camera trapping.34 These methods contribute to gathering observational, environmental, acoustic, and genetic data, which became widely used worldwide. For instance, several organizations such as the European Citizen Science Association, the Citizen Science Association in the USA, the Australian Citizen Science Association, and the Citizen Science Global Partnership relied on this method for monitoring projects and initiatives.23

However, traditional field-based data collection methods encompass several limitations including limited spatial coverage, especially for inaccessible and large geographical areas. Geospatial technologies proved to be efficient in overcoming these limitations. As a result, geospatial data generated using remote sensing technology including i) satellite imagery such as Landsat and Sentinel, ii) UAVs, iii) Geographic Information System, and iv) automated sensor networks such as camera traps and wildlife sensors are widely used nowadays. These technologies serve as a robust tool for citizens to effectively participate in the data collection process and eventually increase their involvement in scientific research and wildlife-monitoring process.35 Hence, the integration between field data and remote sensed data results in large-scale monitoring, ensures the reliability, accuracy, and validity of collected data, and optimizes efforts and resources efficiently.

Data Quality and Validation

Citizen science is mainly based on the contribution of the public, local people, and volunteers throughout the process. Therefore, data quality is a primary concern for researchers employing public participation. Herein, project managers and researchers should maintain ongoing data monitoring, verification, and validation to ensure the reliability and accuracy of collected data.36 To achieve this, project leaders can benefit from implementing a standardized data collection process with specific guidelines that reduce variety in documentation and records. Data verification methods also include peer verification, cross-referencing with existing datasets, field validation by experts, and model-based quality assessment.20 Finally, advanced platforms and applications with built-in features such as iNeutralist, eBird, and SMART work on detecting errors and verifying the field data, eventually maintaining data quality and validity. For instance, Ol Pejeta Conservancy adopted the use of smartphone applications to facilitate data collection of wildlife sightings, mortality, human−wildlife conflicts, intrusions, and environmental hazards. The switch from paper documentation to digitalized data collection enhanced the accuracy of their data while reducing errors, missed information, and delayed submissions.37 These efforts ensure that gathered data by all participants contribute to informed decision-making and effective management practices.

Data Sharing, Standardization, and Privacy

Beyond data validation and quality assurance, citizen science data can also benefit from a standardized geodatabase to improve data sharing and standardization. Global, local, and regional geodatabases are open data sources serving as a vital tool for citizens to document, record, and submit their observations, and for stakeholders and project leaders to receive, compile, and share citizen science findings. This integration is valuable to address data quality issues, especially for big data, facilitate data integration and sharing, minimize data loss and replication, and increase efficiency and decrease redundancy between citizens and stakeholders. However, stakeholders should ensure that these geodatabases are suitable for various users’ backgrounds and expertise.38 Herein, they can highly benefit from the integration of novel tools such as remote sensing, ML, and AI, offering cost-effective and large-scale coverage and monitoring.

Nevertheless, involving the public/citizens in science requires careful planning, special attention, and appropriate policies and regulations to maintain data privacy and security (Figure 1). This is critical to ensure the success of the projects, minimize biases, and maintain confidentiality between citizens and project leaders, which will eventually support future citizen science projects and research.39
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Fig 1 | Summary of citizen science data types, collection, quality, and standardization


Applications of Citizen Science in Wildlife Monitoring

In the last decade, citizens’ involvement in science and research has served as a cost-effective and large-scale tool to fill the gap in wildlife monitoring and ultimately contribute to the conservation of rare and threatened species. Citizen science projects provide the opportunity for stakeholders to monitor lands, by combining earth observations and ground-based information, through member volunteers and public participation. The use of citizen science has dramatically increased in different fields, including climate change, sustainable development, ecosystem monitoring and characterization, drought, and land cover or land-use change.40 Some of the most prominent applications are as follows:

Population, Density, and Distribution Estimation

Citizen science proved efficient in assessing the density and distribution of several wild species, in both rural and urban environments.12 Formalized surveys and online platforms support in gathering population insights into species distribution and trends. For instance, in North America, data gathered by eBird were used and compared with formal breeding bird surveys to assess population trends for 574 bird species. This study showed a 54% decline in species based on data collected through formal breeding bird surveys, where only a 46% decline was shown using eBird data. Nonetheless, the results highlight that citizen data can be significantly used to approximate species population trends and considered in conservation and management efforts.41

Ecosystem and Habitat Health Assessment

Additionally, citizens play a vital role in assessing the health, stability, and quality of various habitats and ecosystems. This is associated with their ability to gather data on specific functions and structures of each habitat while giving insights into future threats and pressures related to each ecosystem.42 For instance, in Lebanon, a collaborative citizen science approach was used to assess the groundwater quality in a Lebanese village. This approach involved local citizens and university scientists who were asked to fill in information related to underground water quality using an online platform. This integration marked successful underground water quality and ecosystem health assessment and monitoring.1

Challenges and Threat Detection

Citizen science initiatives have proven valuable in detecting and monitoring various challenges and threats to wildlife and ecosystems. Participants report observations of invasive species, pollution incidents, habitat degradation, or unusual wildlife behavior that may indicate emerging threats. The NatureWatch community in Canada invented a PlantWatch program to engage all Canadians in collecting scientific information on invasive plant species, which helped researchers track their spread and impact on human health and the environment.43 These efforts facilitate rapid response to environmental threats, optimize resources, and inform the best conservation strategies.

Informative Tool

Many conservation measures used citizen science data to inform management and mitigation plans, modification of threat status, identification of protected areas, habitat restoration, control of invasive species, captive breeding programs, and awareness campaigns.21 In general, this offers a robust and evidence-based habitat management and conservation, where decision-makers should benefit from citizen science data to efficiently plan future conservation projects and policies. Moreover, this helps build local capacity and knowledge among local communities, which should be responsible for the continuous monitoring of habitats and ecosystems.1

Figure 2 summarizes the main applications of citizen science data in various aspects of wildlife conservation and monitoring.
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Fig 2 | Main applications of citizen science in wildlife monitoring


Challenges and Limitations

Citizen science implementation faces several challenges and limitations if not properly integrated into wildlife monitoring. These challenges vary between:


	Data accuracy and reliability: Many monitoring approaches adopted citizen science to gather insights into species and environment. However, using these data relies on ensuring data accuracy and reliability. Several challenges can affect data accuracy, including choosing wrong sampling locations, documenting similar observations, and recording incomplete information.



Consequently, this will result in the identification of less structures, functions, types, threats, and pressures, thus altering the effectiveness of conservation practices.42


	Lack of technical knowledge: Individuals’ knowledge, expertise, and potential vary between different participants. Despite the efficiency of novel technologies, citizens may face several difficulties that can affect their contribution to the thinking, design, and outcomes of projects.44

	Long-term engagement: Wildlife-monitoring projects often require a commitment for a long period to effectively assess and detect changes. This can influence the capacity of citizens, especially volunteers, to deal with large time commitment and participation.23

	Funds and financing: Funding being a primary concern can limit the scope and sustainability of projects. The financial constraints in citizen science projects can impact the ability to foster effective working partnerships between scientists and citizens, potentially hindering the full realization of the approach’s benefits. Securing adequate funding is crucial to ensure that all stakeholders, including both scientists and citizen participants, receive sufficient benefits from the citizen science process, which is essential for the long-term success of such initiatives.45

	Pandemics and lockdown: Pandemics (e.g., COVID-19) significantly affect citizen science by reducing the rate of citizen participation in monitoring and management approaches. Safety and health restrictions potentially influence traditional data collection approaches, ultimately minimizing the number of citizens’ observations, coverage of areas, and geographical distribution.46



Future Directions and Potential Solutions

Advanced technologies serve as an invaluable tool to support wildlife-monitoring processes and applications. This invaluable tool holds the potential to overcome challenges associated with citizen science while boosting their performance and outcomes. These technologies ensure an easy and effective data collection process for public participants.

Recently, different web platforms and mobile applications (such as iNeutralist, eBird, SealSpotter, and SMART) have been introduced to be efficient for recording, documenting, sharing, and visualizing habitats and species. Likewise, satellite imagery with its wide range of data sources can be significantly integrated to offer cost-effective and wide coverage assessment. For instance, SealSpotter, an open-access citizen science data portal, was developed to support participants through their observations and seal monitoring, by screening RPA images for animals from different categories and types.15 Nevertheless, AI and ML play an important role in inventing user-friendly, clear, and straightforward platforms for public utilization. Citizen science applications need to maintain high levels of performance, by offering a clear and comprehensive design and features. These efforts will highly contribute to data quality and accuracy while increasing user motivation and good performance.17

A successful integration of citizen science into wildlife monitoring needs to engage community members in a supportive, meaningful, and standardized manner. To achieve this, project leaders should offer well-structured training programs to equip citizens with acquired skills and knowledge. Ensuring continuous capacity-building for participants throughout the process will offer more reliable outcomes and facilitate achieving project goals. This will encourage and motivate citizens to build better relationships with nature and to contribute more to conservational programs. For instance, the Global Learning and Observations to Benefit the Environment (GLOBE)—an international science and education program—coupled with a citizen science app, called GLOBE Observer, was efficiently adopted by volunteers to document observations and contribute to the community.40 Herein, younger generations who have advanced knowledge in online platforms and web applications can markedly increase participation and data quality by facilitating the data collection process without the need for detailed and long-term training.11

Concluding Remarks

This paper aimed to provide a comprehensive understanding on the integration of citizen science within wildlife monitoring and management efforts. The findings show that the use of citizen science has dramatically increased in the past decade, offering cost-effective and large-scale data collection aligned with traditional scientific research methods. Citizen science data including multiple types (i.e., observational, environmental, geospatial, acoustic, photographic, and genetic) offer a meticulous assessment of habitats, populations, and ecosystem health. Advanced technologies (such as mobile apps, web platforms, remote sensing, and AI) greatly contribute to citizen science projects by ensuring data quality, empowering citizens, expanding geographical coverage, and enhancing participants’ capabilities. Nevertheless, citizen science faces various challenges and limitations related to data accuracy, long-term engagement, technical knowledge, and pandemics. These challenges can be thoroughly addressed through the integration of user-friendly technologies and by ensuring robust and comprehensive training programs and capacity-building approaches.

Citizen science can greatly boost the relationship between human and nature, help identify threatened species, and lead to better management and sustainable conservational efforts. Stakeholders and project leads would highly benefit from citizen science data by building evidence-based projects and initiatives. Herein, as global biodiversity is currently facing increased threats, citizen science can be a vital solution for wildlife monitoring and protection. Further research can gather an in-depth insight into the long-term impacts of citizen science projects, focusing on defining the best practices and exploring new potential applications.
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