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Abstract 

The Olive Ridley sea turtle (Lepidochelys olivacea) is one of the most widely distributed marine turtle 

species and plays a vital role in maintaining marine ecosystem balance. Despite its ecological 

significance, the species faces numerous threats including habitat degradation, climate change, fisheries 

bycatch, marine pollution, and illegal harvesting. Recent advances in information technology have 

revolutionized wildlife conservation by providing innovative tools for monitoring, tracking, and 

protecting endangered species. This review examines the application of modern information 

technologies in the conservation and mapping of Olive Ridley sea turtles. Technologies such as satellite 

telemetry, Global Positioning Systems (GPS), Geographic Information Systems (GIS), remote sensing, 

unmanned aerial vehicles (UAVs), artificial intelligence (AI), machine learning, cloud computing, and 

citizen science platforms are discussed in detail. These technologies facilitate accurate monitoring of 

migration routes, habitat utilization, nesting beach dynamics, and threat assessment. The review also 

highlights the role of technological innovations in marine protected area planning, climate change 

adaptation strategies, and community participation in conservation programs. Furthermore, the 

challenges, limitations, and future prospects of integrating advanced technologies into sea turtle 

conservation are critically analyzed. The findings suggest that information technology has significantly 

enhanced the effectiveness of conservation programs and provides a strong foundation for evidence-

based management and sustainable protection of Olive Ridley sea turtle populations worldwide. 

 
Keywords: Olive Ridley Sea Turtle, Information Technology, Satellite Telemetry, GIS, Artificial 
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Introduction 

Marine turtles represent one of the oldest surviving groups of reptiles on Earth, having 

existed for more than 100 million years and surviving major geological and climatic changes 

that led to the extinction of many other species (Stanford et al., 2020) [25]. These ancient 

marine vertebrates play a vital ecological role in maintaining the structure, function, and 

productivity of marine and coastal ecosystems (Kelley et al., 2015) [14]. As keystone species, 

sea turtles contribute to nutrient cycling, maintain healthy seagrass beds and coral reef 

ecosystems, regulate jellyfish populations, and support the ecological balance of coastal 

habitats (Patel et al., 2022) [20]. Their presence serves as an important indicator of ocean 

health, making their conservation essential for sustaining marine biodiversity and ecosystem 

services (S Teelucksingh et al., 2010) [23]. 

Among the seven recognized species of marine turtles worldwide, the Olive Ridley sea turtle 

(Lepidochelys olivacea) is one of the most abundant and widely distributed (Bowen et al., 

1997) [7]. The species inhabits tropical and subtropical waters of the Pacific, Atlantic, and 

Indian Oceans, occurring along the coastlines of more than 80 countries. Olive Ridley turtles 

are best known for their remarkable mass nesting phenomenon called arribada, a Spanish 

term meaning “arrival” (Shanker et al., 2004) [24]. During arribada events, thousands of 

gravid females emerge simultaneously on specific nesting beaches to lay eggs, creating one 

of the most spectacular wildlife events on Earth. Major arribada nesting sites occur along the 

coasts of India, Costa Rica, Mexico, Nicaragua, and other tropical regions. In India, the 

Odisha coast, particularly Gahirmatha, Rushikulya, and Devi river mouth beaches, hosts 

some of the world's largest nesting aggregations of Olive Ridley turtles and plays a crucial 

role in the global conservation of the species (Behera et al., 2016) [6].
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 Despite their wide geographical distribution and relatively 

large population size compared to other sea turtle species, 

Olive Ridley turtles face numerous anthropogenic and 

environmental threats throughout their life cycle 

(Chattopadhyay et al., 2018) [8]. Habitat degradation 

resulting from coastal development, tourism infrastructure, 

artificial lighting, and beach erosion has significantly 

reduced the availability and quality of nesting habitats 

(Lopez et al., 2015) [16]. Marine pollution, particularly 

plastic debris, poses serious risks through ingestion and 

entanglement, leading to injury, reduced fitness, and 

mortality (Worm et al., 2017) [32]. Fisheries bycatch remains 

one of the most significant threats, as turtles are frequently 

captured unintentionally in trawl nets, gill nets, and longline 

fisheries. Additionally, illegal harvesting of eggs and adults, 

vessel strikes, and marine pollution continue to negatively 

impact turtle populations in many regions (Akani et al., 

2023) [3]. Effective conservation and management of Olive 

Ridley turtles require comprehensive knowledge of their 

ecology, behavior, migration patterns, habitat utilization, 

and interactions with human activities (Dawson et al., 2017) 

[9]. Traditionally, researchers relied on flipper tagging, direct 

observations, mark-recapture studies, nest counts, and field 

surveys to collect ecological information. Although these 

conventional approaches have contributed substantially to 

sea turtle research, they are often limited in spatial coverage, 

labor-intensive, time-consuming, and unable to provide 

continuous information on long-distance movements and 

habitat use in the open ocean. Since Olive Ridley turtles 

undertake extensive migrations across international waters, 

traditional monitoring techniques alone are insufficient for 

understanding their complex life history and implementing 

effective conservation measures (Maxwell et al., 2011) [18]. 

The rapid advancement of information technology has 

transformed wildlife research and conservation by providing 

innovative tools capable of collecting, processing, 

analyzing, and visualizing large volumes of ecological data 

(Ullah et al., 2025) [27]. Modern technologies have enabled 

researchers to overcome many limitations associated with 

traditional monitoring methods and have revolutionized the 

study of marine megafauna, including sea turtles (Rees et 

al., 2018) [21]. Satellite telemetry and Global Positioning 

System (GPS) technologies allow scientists to track 

individual turtles in near real-time, revealing migration 

routes, foraging grounds, breeding habitats, and behavioral 

patterns that were previously difficult to observe (Hussey et 

al., 2015) [13]. Geographic Information Systems (GIS) 

facilitate the integration and spatial analysis of biological 

and environmental data, enabling habitat mapping, 

conservation planning, and identification of critical 

ecological corridors (Rudnick et al., 2015) [22]. 

Similarly, advances in remote sensing technologies provide 

valuable information on coastal habitats, oceanographic 

conditions, shoreline dynamics, and climate change impacts. 

Unmanned Aerial Vehicles (UAVs) or drones have emerged 

as cost-effective tools for monitoring nesting beaches, 

estimating turtle populations, and generating high-resolution 

habitat maps (Agabiti et al., 2025) [2]. Artificial Intelligence 

(AI), machine learning, and computer vision techniques 

further enhance conservation efforts by enabling automated 

species detection, image classification, predictive modeling, 

and threat assessment (Wang et al., 2025) [31]. The 

integration of cloud computing, big data analytics, Internet 

of Things (IoT) devices, and citizen science platforms has 

further strengthened data collection, management, and 

dissemination, allowing conservationists to make informed 

decisions based on real-time information. This review aims 

to provide a comprehensive overview of the role of 

information technology in the conservation, monitoring, and 

mapping of Olive Ridley sea turtles. It examines the 

applications of satellite telemetry, GIS, remote sensing, 

drones, artificial intelligence, IoT, and citizen science tools 

in understanding turtle ecology and supporting conservation 

efforts. The review also discusses current challenges, 

emerging technologies, and future research directions that 

can contribute to more effective and sustainable 

conservation of this ecologically significant marine species. 

 
Table 1: Information Technologies Used in Olive Ridley Turtle 

Conservation 
 

Technology Principle 
Major 

Applications 
Advantages 

Satellite 

Telemetry 

GPS-based 

tracking 

Migration 

monitoring 
Real-time data 

GIS 
Spatial 

analysis 
Habitat mapping 

Decision 

support 

Remote Sensing 
Satellite 

imagery 

Coastal 

monitoring 

Large area 

coverage 

Drones (UAVs) 
Aerial 

surveys 
Nest counting High accuracy 

Artificial 

Intelligence 

Machine 

learning 
Species detection 

Automated 

analysis 

IoT Sensors 
Real-time 

sensing 

Environmental 

monitoring 

Continuous data 

collection 

 

Evolution of Technology in Wildlife Conservation 

Wildlife conservation has undergone a remarkable 

transformation over the past few decades. Early monitoring 

techniques primarily relied on physical tagging, direct 

observation, and manual data recording. While these 

methods provided useful ecological information, they were 

labor-intensive and often limited in spatial and temporal 

coverage. The development of satellite telemetry in the 

1980s marked a major breakthrough in wildlife tracking. 

Subsequent advancements in GPS technology, GIS 

software, remote sensing, and digital communication 

systems further expanded monitoring capabilities (Kumar 

and Moore, 2002). More recently, the emergence of 

artificial intelligence, machine learning, drones, cloud 

computing, and big data analytics has revolutionized 

biodiversity conservation by enabling automated data 

collection, analysis, and predictive modelling (Ali et al., 

2025) [4]. The integration of multiple technologies has 

facilitated a shift from localized conservation approaches to 

large-scale ecosystem management strategies capable of 

addressing complex environmental challenges. 

 

Satellite Telemetry and GPS Tracking 

Satellite telemetry is among the most widely used 

technologies for monitoring sea turtle movements. The 

technology involves attaching satellite transmitters to the 

carapace of turtles. These transmitters communicate with 

satellites, providing accurate location information over 

extended periods. Satellite telemetry enables researchers to 

monitor migration routes, identify foraging grounds, 

determine breeding habitats, and assess habitat utilization 

patterns (Wakefield et al., 2009) [29]. GPS-based tracking 

systems provide highly accurate positional data, often within 

a few meters, allowing detailed analysis of turtle behavior. 
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 Satellite telemetry has become an indispensable tool in sea 

turtle conservation by providing detailed information on the 

movements and behavior of individuals across vast marine 

environments (Hays and Hawkes, 2018) [11]. The technology 

enables researchers to map migration corridors, identify 

critical feeding and breeding habitats, monitor nesting and 

reproductive migrations, and assess the overlap between 

turtle movements and human activities such as fisheries and 

shipping routes. Furthermore, telemetry data help evaluate 

the effectiveness of conservation measures, including 

marine protected areas and bycatch mitigation strategies, 

thereby supporting evidence-based management and long-

term conservation planning (Hays et al., 2019) [12]. Despite 

its effectiveness, satellite telemetry faces challenges 

including high equipment costs, battery limitations, data 

transmission constraints, and potential impacts on animal 

behavior. 

 

Geographic Information Systems (GIS) in Turtle 

Conservation 

Geographic Information Systems (GIS) are powerful tools 

for storing, analyzing, and visualizing spatial information. 

GIS technology has become indispensable in sea turtle 

conservation by enabling the integration of biological, 

environmental, and geographic datasets. 

Geographic Information Systems (GIS) have become 

essential tools in sea turtle conservation by enabling the 

collection, analysis, and visualization of spatial data related 

to turtle populations and their habitats (Baumbach et al., 

2019) [5]. GIS is widely used for mapping nesting beaches, 

identifying migratory pathways, and conducting habitat 

suitability analyses to determine areas that support turtle 

survival and reproduction. Additionally, GIS supports the 

planning and management of Marine Protected Areas 

(MPAs), monitors environmental threats such as coastal 

development and pollution, and assesses the vulnerability of 

habitats to climate change impacts (Torresan et al., 2016) 

[26]. By integrating biological and environmental data, GIS 

facilitates informed decision-making and enhances the 

effectiveness of conservation and management strategies for 

Olive Ridley sea turtles. 

By combining telemetry data with oceanographic variables 

such as sea surface temperature, chlorophyll concentration, 

and ocean currents, GIS enables researchers to identify 

critical habitats and conservation priority areas. GIS-based 

decision support systems facilitate evidence-based 

management and policy development. 

 

Remote Sensing Applications 

Remote sensing is a powerful technology that involves 

acquiring information about the Earth's surface without 

direct physical contact, using sensors mounted on satellites, 

aircraft, or other aerial platforms. In wildlife conservation, 

remote sensing provides valuable spatial and temporal data 

that help researchers monitor environmental conditions over 

large geographic areas (Wang et al., 2010) [30]. High-

resolution satellite imagery enables continuous observation 

of coastal ecosystems, allowing scientists to assess habitat 

characteristics, detect environmental changes, and support 

conservation planning for marine species such as Olive 

Ridley sea turtles (Mahrad et al., 2020) [17]. In sea turtle 

conservation, remote sensing is widely used for coastal 

habitat mapping, shoreline change detection, monitoring 

nesting beach erosion, assessing the impacts of sea-level 

rise, analyzing ocean productivity, and detecting 

environmental changes that may affect turtle populations 

(Mazor et al., 2013) [19]. Satellite systems such as Landsat, 

Sentinel, MODIS, and WorldView provide long-term 

datasets that facilitate the monitoring of nesting habitats and 

marine ecosystems across broad spatial scales. By 

integrating remote sensing data with other technologies such 

as GIS and satellite telemetry, researchers can better 

understand habitat dynamics, predict future environmental 

changes, and develop effective conservation strategies for 

the protection of Olive Ridley sea turtles. 

 

Drone Technology and Photogrammetry 

Unmanned Aerial Vehicles (UAVs), commonly known as 

drones, have become valuable tools for wildlife research and 

conservation. Drones provide high-resolution imagery while 

minimizing disturbance to animals and habitats. Drone 

technology has emerged as an efficient and non-invasive 

tool for monitoring sea turtle populations and their habitats. 

Unmanned Aerial Vehicles (UAVs) equipped with high-

resolution cameras can rapidly survey large coastal areas, 

providing detailed information that would be difficult and 

time-consuming to obtain through traditional ground-based 

methods (Adade et al., 2021) [1]. The use of drones 

minimizes human disturbance while improving the accuracy 

and efficiency of data collection. 

Drone applications in sea turtle conservation include nest 

counting, population estimation, beach topography mapping, 

habitat monitoring, anti-poaching surveillance, and post-

disaster assessment. High-resolution aerial imagery enables 

researchers to accurately estimate turtle abundance, identify 

nesting sites, and monitor habitat changes over time (Varela 

et al., 2019) [28]. Following extreme weather events such as 

storms, cyclones, or coastal flooding, drones can quickly 

assess damage to nesting beaches and support restoration 

efforts. Furthermore, real-time aerial surveillance helps 

conservation agencies detect illegal activities and strengthen 

the protection of critical nesting habitats. Photogrammetry 

techniques convert aerial images into accurate three-

dimensional models, allowing researchers to assess beach 

morphology, erosion risk, and habitat suitability. Drone-

based monitoring offers cost-effective and efficient 

alternatives to traditional field surveys. 

 

Artificial Intelligence and Machine Learning 

Artificial Intelligence (AI) has emerged as one of the most 

promising technologies in biodiversity conservation, 

offering powerful tools for analyzing large and complex 

ecological datasets. Unlike traditional methods, AI systems 

can rapidly process vast amounts of information collected 

from satellite imagery, drones, camera traps, sensors, and 

telemetry devices, enabling researchers to detect patterns 

and trends that may otherwise remain unnoticed. By 

automating data analysis and improving predictive 

capabilities, AI has significantly enhanced the efficiency 

and accuracy of wildlife monitoring and conservation 

efforts. In sea turtle conservation, AI is increasingly being 

used for automated turtle detection from drone imagery, 

species identification, nest detection, behavioral analysis, 

migration prediction, and threat assessment (Gray et al., 

2019) [10]. Machine learning and computer vision algorithms 

can accurately identify turtles in aerial photographs, monitor 

nesting activities, and distinguish individuals based on 

unique physical characteristics. AI-driven predictive models 
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 also help forecast migration routes, identify high-risk areas 

for bycatch or habitat degradation, and assess the impacts of 

environmental changes on turtle populations. These 

applications support data-driven decision-making and 

enable conservation managers to implement more targeted 

and effective protection strategies for Olive Ridley sea 

turtles. 

 

Challenges and Limitations 

Although information technology has greatly enhanced sea 

turtle research and conservation, several challenges limit its 

widespread adoption and effectiveness. High equipment and 

operational costs associated with satellite transmitters, 

drones, advanced sensors, and specialized software often 

restrict their use, particularly in resource-limited 

conservation programs. In addition, the successful 

implementation of these technologies requires skilled 

personnel with expertise in data collection, analysis, 

Geographic Information Systems (GIS), remote sensing, and 

artificial intelligence. The large volume of data generated by 

modern monitoring systems also creates challenges related 

to data storage, processing, management, and interpretation. 

Infrastructure limitations, such as inadequate internet 

connectivity, power supply, and technical support in remote 

coastal regions, can further hinder the application of 

advanced technologies. Ethical concerns regarding animal 

welfare may arise from the attachment of tracking devices 

or frequent monitoring activities, necessitating careful 

consideration of research protocols. Furthermore, issues 

related to data privacy, security, and the potential misuse of 

sensitive location information must be addressed to protect 

vulnerable species and habitats. Limited accessibility to 

advanced technologies in many developing countries also 

creates disparities in conservation capacity. Therefore, 

overcoming these technical, financial, and ethical challenges 

is essential for maximizing the conservation benefits of 

technological innovations and ensuring their sustainable 

application in Olive Ridley sea turtle conservation. 

 

Conclusion 

Information technology has transformed the conservation 

and management of Olive Ridley sea turtles by providing 

innovative tools for monitoring, mapping, and protecting 

populations across vast marine environments. Technologies 

such as satellite telemetry, GIS, remote sensing, drones, 

artificial intelligence, IoT, and citizen science platforms 

have significantly improved our understanding of turtle 

ecology, migration patterns, and habitat requirements. These 

tools facilitate evidence-based conservation planning, 

support climate change adaptation, and strengthen 

community participation in conservation initiatives. 

Although challenges related to cost, technical expertise, and 

infrastructure remain, ongoing technological advancements 

continue to expand opportunities for effective conservation. 

Future integration of emerging digital technologies will play 

a critical role in ensuring the long-term survival and 

sustainable management of Olive Ridley sea turtle 

populations worldwide. 
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