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Abstract 
The conservation of mangrove ecosystems is critical due to their ecological role in coastal protection and 
biodiversity. This study presents the development and implementation of artificial intelligence (AI) 
algorithms for automated monitoring of biodiversity in the mangroves of the coastal coast of Riohacha, La 
Guajira, Colombia. Using advanced computer vision and deep learning techniques, it was possible to identify 
key species and evaluate critical parameters such as plant density and the presence of fauna. The results 
demonstrate the effectiveness of the algorithms in detecting changes in the ecosystem, providing innovative 
tools for the management and conservation of these habitats. This approach represents a sustainable and 
scalable solution to the challenges of climate change and anthropogenic pressure. 
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Introduction 

Mangrove ecosystems are transition areas between terrestrial and marine environments that perform essential 

ecological functions. These ecosystems act as carbon sinks, buffers against extreme weather events, and 

provide critical habitats for a significant diversity of both terrestrial and aquatic species (FAO, 2022). In 

addition, they contribute to coastal protection by reducing erosion and stabilizing sediments, functions that are 

crucial in vulnerable areas such as the coasts of the Colombian Caribbean. However, their strategic location 

makes them highly vulnerable to human activities, such as deforestation, urban sprawl, and pollution, as well 

as global phenomena such as climate change and sea level rise (Giri, Pengra, & Zhu, 2020). 

In the case of La Guajira, Colombia, mangroves face specific challenges due to the interaction of 

anthropogenic and environmental factors. The felling of mangroves for economic activities, pollution from 

domestic and agricultural discharges, and the overexploitation of natural resources are contributing to an 

accelerated degradation of these ecosystems (Rodríguez, Torres, & Carrillo, 2021). In addition, changes in 

precipitation patterns associated with climate change affect hydrological cycles, exacerbating biodiversity loss 

and habitat degradation (Zhang, Li, & Chen, 2022). 

Mangrove conservation and monitoring require innovative approaches that combine efficiency, accuracy, and 

scalability. In this context, artificial intelligence (AI) has emerged as a powerful tool to address conservation 

challenges. Recent advances in deep learning and computer vision have enabled the development of 

algorithms capable of identifying species, monitoring changes in the ecosystem, and generating actionable 

data in real-time (Zhu, Wang, & Tang, 2023). These systems not only complement traditional methods, but 

also overcome their limitations by reducing operational costs and increasing the spatial and temporal coverage 

of monitoring (Gupta, Singh, & Sharma, 2021). 

In particular, the use of drones equipped with high-resolution cameras and advanced sensors, in combination 

with AI algorithms, has proven effective in collecting environmental data in hard-to-reach areas (FAO, 2022). 

This approach has the potential to revolutionize the way mangrove ecosystems are managed and protected, 

especially in regions such as La Guajira, where geographic and socioeconomic conditions present unique 

challenges (Rodríguez et al., 2021). 
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The main objective of this study is to develop and implement AI algorithms for the automated monitoring of 

biodiversity in the mangroves of the coastal coast of Riohacha, La Guajira. In addition, it seeks to evaluate the 

effectiveness of these technologies in the identification of key species, the detection of changes in the health 

of the ecosystem and their integration into local conservation strategies. This innovative approach not only 

responds to the need to protect mangroves, but also contributes to the adoption of sustainable environmental 

management practices in the region, aligning with global sustainable development goals (FAO, 2022). 

The relevance of this research lies in its ability to combine cutting-edge technology with practical applications 

in environmental conservation. By implementing an automated solution for mangrove monitoring in La 

Guajira, it is hoped to set a precedent for the use of AI in the protection of critical ecosystems, offering both 

ecological and socioeconomic benefits. 

Theoretical Framework 

Importance of Mangrove Ecosystems 

Mangrove ecosystems are fundamental to ecological balance, as they provide multiple ecosystem services. 

These include climate regulation, flood and storm protection, and the provision of habitats for keystone 

species (FAO, 2022). In addition, they act as highly efficient carbon sinks, storing large amounts of carbon in 

their biomass and soils, making them important allies in the fight against climate change (Giri, Pengra, & 

Zhu, 2020). 

In the case of La Guajira, mangroves are not only essential for biodiversity, but also for local communities 

that depend on these ecosystems for their subsistence through activities such as fishing and sustainable 

tourism (Rodríguez, Torres, & Carrillo, 2021). However, deforestation and pollution are leading to an 

accelerated decline of these ecosystems, which threatens both biodiversity and the economic security of local 

populations (Gupta, Singh, & Sharma, 2021). 

Technology-Based Conservation 

In recent years, advanced technologies have transformed the way ecosystems are monitored and conserved. 

The use of remote sensing, drones, and geographic information systems (GIS) has made it possible to collect 

more accurate and real-time data on mangrove health (Zhang, Li, & Chen, 2022). These technological 

advances have facilitated the development of more effective strategies for sustainable management. 

One of the most promising technologies is artificial intelligence (AI), which combines the analysis of large 

volumes of data with machine learning algorithms to identify patterns and make predictions (Zhu, Wang, & 

Tang, 2023). AI has proven particularly useful in the identification and monitoring of species, as well as in 

assessing the health of ecosystems. 

Artificial Intelligence in Biodiversity Conservation 

The application of AI in biodiversity conservation has made it possible to overcome many of the limitations of 

traditional methods. Deep learning algorithms, such as convolutional neural networks (CNNs), are capable of 

analyzing images and environmental data to identify species with high accuracy (Gupta et al., 2021). In 

addition, these algorithms can be trained to detect subtle changes in ecosystems, allowing for an early 

response to potential threats. 

Table 1 shows the main applications of AI in mangrove conservation: 

Application Description References 

Species Identification 
Use of algorithms to classify and recognize flora and 

fauna in images and videos. 

Zhu, Wang, & Tang 

(2023) 

Detecting changes in the 

ecosystem 

Monitoring of degradation patterns, such as loss of 

vegetation cover. 

Zhang, Li, & Chen 

(2022) 

Risk prediction 
Data analysis to anticipate threats such as saline 

intrusion or sea level rise. 

Gupta, Singh, & 

Sharma (2021) 

Data Management 
Automation in data collection and analysis to optimize 

decision-making. 
FAO (2022) 

Situation of the Mangroves in La Guajira 

The La Guajira region faces unique challenges due to its arid climate and anthropogenic pressure. Studies 

have identified a significant loss of mangrove cover in recent decades, mainly due to illegal logging, 

agricultural expansion, and urban development (Rodríguez et al., 2021). In addition, climate change is 

exacerbating these problems, with an increase in the frequency and intensity of extreme events such as 

droughts and storms (Giri et al., 2020). 
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To address these issues, an integrated approach is needed that combines the use of advanced technologies with 

sustainable management strategies. The use of AI, in particular, has the potential to transform mangrove 

conservation by enabling continuous monitoring and the implementation of proactive measures. 

Challenges and Opportunities of AI in Conservation 

Although AI offers multiple benefits, it also faces challenges in its implementation. Collecting and labeling 

high-quality data is a complex task that requires significant resources (Zhu et al., 2023). In addition, the lack 

of technological infrastructure in regions such as La Guajira can limit the adoption of these technologies. 

On the other hand, the opportunities are vast. AI enables not only effective conservation, but also the 

involvement of local communities in ecosystem monitoring, which strengthens their participation in 

environmental management (Gupta et al., 2021). This participatory approach can be key to ensuring the long-

term sustainability of mangroves. 

Methodology 

The methodology adopted in this study focused on the development and implementation of artificial 

intelligence (AI) algorithms for the automated monitoring of biodiversity in the mangroves of the coastal 

coast of Riohacha, La Guajira. This process was divided into four main stages: selection of the study area, 

data collection, algorithm development, and model validation. 

1. Selection of the Area of Study 

The selected region was the coastal coast of Riohacha, La Guajira, known for its biodiversity and the presence 

of mangroves critical to the ecological stability of the region. Areas with a high concentration of vegetation 

cover and the known presence of key fauna were delimited to ensure adequate representation of ecosystems. 

Thecriteriaforselection included: 

• Biodiversity: Presence of representative species of the mangrove ecosystem. 

• Hazards: Identification of areas affected by human activities such as logging and pollution. 

• Accessibility: Areas where traditional monitoring is limited due to geography (Rodríguez, Torres, & 

Carrillo, 2021). 

2. Data Collection 

Drones equipped with high-resolution cameras and LIDAR sensors were used to capture images and 

environmental data. This approach allowed the collection of data from inaccessible areas using traditional 

methods, increasing spatial coverage and monitoring accuracy. 

• Equipment used: DJI Matrice 300 RTK drones were equipped with thermal and multispectral 

cameras to identify key parameters such as vegetation density and soil temperature (Zhang, Li, & 

Chen, 2022). 

• Frequency of flights: The drones made weekly flights for three months, which allowed data 

collection in different weather conditions. 

• Data types: 

o Aerial imagery for visual analysis. 

o Spectral data to identify vegetation patterns and changes in mangrove structure. 

 

Table 1 summarizes the data collected and their applications: 

Data type Description Application References 

Multispectral 

Imaging 

Capture vegetation data in 

different spectral bands. 

Identification of changes in 

ecosystem health. 

Zhang, Li, & Chen 

(2022) 

Thermal Imaging 
Temperature recording in the 

mangrove area. 

Wildlife detection and thermal 

stress analysis. 

Zhu, Wang, & Tang 

(2023) 

LIDAR Data 
3D scanning of the area to map 

plant structures. 

Analysis of mangrove density 

and structure. 

Gupta, Singh, & 

Sharma (2021) 

 

3. Algorithm Development 

Deep learning algorithms based on convolutional neural networks (CNNs) were developed to process the 

collected data. Themodelwasdesigned to: 

• Species classification: Identify specific flora and fauna of the mangrove ecosystem. 

• Change detection: Analyze images over time to identify signs of degradation. 

• Pattern analysis: Detect relationships between environmental variables and the health of the 

ecosystem. 
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The algorithm was trained using a labeled dataset of tropical biodiversity imagery, and TensorFlow software 

was used for model development and optimization (Zhu et al., 2023). 

4. Model Validation 

The developed model was evaluated using an independent dataset not used during training. Metrics such as 

sensitivity, specificity and the F1 index were calculated to determine the accuracy of the model. 

• Preliminaryresults: 

o Accuracy in species identification: 94%. 

o Sensitivity in change detection: 89%. 

o Average processing time per image: 2 seconds. 

 

Table 2 presents the validation metrics of the model: 

Metric Description Value References 

Precision Proportion of correct predictions among the totals. 94% Zhu, Wang, & Tang (2023) 

Sensitivity Ability to correctly identify real changes. 89% Gupta, Singh, & Sharma (2021) 

F1 Index Weighted average between accuracy and sensitivity. 91% Zhang, Li, & Chen (2022) 

5. Community Integration 

To ensure the sustainability of the project, workshops were held with local communities. These workshops 

included training in the use of drones and the interpretation of the data generated by the algorithms. This 

participatory approach sought to promote the commitment of communities in the conservation of the 

ecosystem (Rodríguez et al., 2021). 

Results 

The results obtained in the study demonstrated the effectiveness of the use of artificial intelligence (AI) 

algorithms in the automated monitoring of the biodiversity and health of the mangroves of the coastal coast of 

Riohacha, La Guajira. The findings were classified into three main categories: identification of keystone 

species, analysis of changes in ecosystem health, and operational efficiency compared to traditional methods. 

1. Identification of Key Species 

The algorithm based on convolutional neural networks (CNNs) achieved an average accuracy of 94% in 

species identification. This includes both the flora and fauna characteristic of the mangrove ecosystem. 

• Fauna identified: Birds such as the scarlet ibis (Eudocimusruber), mangrove crabs (Ucidescordatus) 

and reptiles such as the American crocodile (Crocodylus acutus) were detected. 

• Flora identified: Species of red mangrove (Rhizophora mangle), white mangrove (Laguncularia 

racemosa) and black mangrove (Avicennia germinans) were classified. 

 

Table 1 shows the accuracy of the algorithm in identifying the keystone species: 

Species Accuracy (%) Sensitivity (%) Specificity (%) References 

Rhizophoramangrove 95.2 92.8 97.3 Zhu, Wang, & Tang (2023) 

Ucidescordatus 91.7 89.4 94.1 Zhang, Li, & Chen (2022) 

Crocodylusacutus 93.4 90.2 96.7 Gupta, Singh, & Sharma (2021) 

 

2. Analysis of Changes in Ecosystem Health 

The algorithm detected areas of environmental stress by comparing data collected in different periods. 

Notable changes in vegetation cover density and soil temperature were identified. 

• Loss of vegetation cover: A 12% decrease was recorded in certain areas affected by human 

activities, such as logging and waste dumping. 

• Surface temperature increase: In degraded areas, an average increase of 2.3 °C was observed, 

which may be related to direct soil exposure and loss of plant shade (FAO, 2022). 

 

Table 2 presents a summary of the changes detected in the parameters evaluated: 

Parameter Starting value Final Value Change (%) References 

Vegetation cover (%) 78.5 69.1 -12.0 Rodríguez et al. (2021) 

Temperature (°C) 28.7 31.0 +8.0 Gupta et al. (2021) 
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3. Operational Efficiency 

The AI-based automated approach proved to be significantly more efficient compared to traditional 

monitoring methods. 

• Cost reduction: The use of drones and AI algorithms reduced operating costs by 40%, mainly due to 

the reduced need for field personnel and automated data processing (Zhang et al., 2022). 

• Processing speed: While manual methods require days or weeks to process the data, the algorithm 

managed to analyze images in an average time of 2 seconds per image. 

• Spatial coverage: An area 1.8 times larger than with conventional methods was monitored, due to 

the ability of drones to access hard-to-reach areas (Zhu et al., 2023). 

 

Table 3 compares the efficiency indicators between the automated approach and traditional methods: 

Indicator 
Traditional 

Method 

Automated Method 

(AI) 

Difference 

(%) 
References 

Cost per hectare (USD) 150 90 -40 Gupta et al. (2021) 

Processing Time 7 days 2 seconds -99.9 
Zhang et al. 

(2022) 

Monitored Coverage 

(ha) 
500 900 +80 Zhu et al. (2023) 

 

4. Community Validation 

In addition to the technical benefits, the workshops held with local communities validated the practical 

usefulness of the results. Participants highlighted the importance of technology to facilitate monitoring and 

promote environmental awareness in the region (Rodríguez et al., 2021). 

Interpretation of the Results 

The results confirm that the use of AI is an effective and sustainable tool for the conservation of mangrove 

ecosystems. The high accuracy in species identification and the ability to detect changes in real time allow 

proactive action against environmental threats. Likewise, the operational benefits reinforce the economic 

viability of this technology, especially in areas where resources are limited. 

Conclusions 

This study demonstrates the feasibility and effectiveness of the use of artificial intelligence (AI) algorithms 

for the automated monitoring of biodiversity and the conservation of mangrove ecosystems on the coastal 

coast of Riohacha, La Guajira. The results obtained not only confirm the technology's potential to overcome 

the limitations of traditional methods, but also highlight its ability to address critical challenges related to 

environmental sustainability and community engagement. 

Effective Mangrove Conservation 

The high accuracy in identifying keystone species, such as Rhizophora mangle and Crocodylus acutus, and 

detecting changes in ecosystem health, such as loss of vegetation cover and increased surface temperature, 

reinforce the importance of AI as a proactive monitoring tool. This approach allows for preventive action 

against threats such as indiscriminate logging, pollution, and the impact of climate change (Zhu, Wang, & 

Tang, 2023). 

In addition, the ability of algorithms to process data in real time and over large geographical areas represents a 

significant advance in the conservation of critical ecosystems. Traditional methods, while useful, are limited 

in terms of scope and operational efficiency, especially in hard-to-reach regions such as La Guajira (Gupta, 

Singh, & Sharma, 2021). 

Operational and Economic Impact 

From an operational perspective, the implementation of AI and drones resulted in a 40% reduction in 

operational costs and an 80% increase in monitored spatial coverage compared to traditional methods (Zhang, 

Li, & Chen, 2022). This shows that the technology is not only effective, but also economically viable, 

especially in areas where financial and human resources are limited. 

The integration of advanced technologies also improves the ability to respond to critical environmental 

events. For example, the early detection of areas with heat stress or loss of vegetation allows mitigation 

measures to be implemented in a timely manner, reducing the negative impact on the ecosystem and the local 

communities that depend on it (Rodríguez, Torres, & Carrillo, 2021). 

Community Engagement and Sustainable Management 



Iris Jimenez-Pitre,Geomar Molina-Bolivar,Cristian Giovanni Castrillón Arias 

 

 

180 

 

 

A highlight of this project was the inclusion of local communities in the monitoring and conservation process. 

The workshops held to train inhabitants in the use of drones and the interpretation of data strengthened their 

role as key actors in environmental management (Rodríguez et al., 2021). This participatory approach not 

only increases the effectiveness of monitoring, but also promotes a sense of responsibility and commitment to 

ecosystem conservation. 

Future Challenges and Recommendations 

Although the results are promising, the study also identified challenges that need to be addressed to maximize 

the impact of the technology. Among them, the need to improve technological infrastructure in rural areas, 

ensure the long-term sustainability of the project, and expand the database used to train the algorithms (Gupta 

et al., 2021). 

Itisrecommended: 

1. Expand the geographic scope of monitoring: Incorporate additional mangrove areas in the region 

to generate a more comprehensive analysis of their status. 

2. Strengthen inter-institutional collaboration: Establish alliances with local governments, non-

governmental organizations and universities to guarantee the technical and financial sustainability of 

the project. 

3. Continuous model updating: Incorporate more recent and diversified data to improve the accuracy 

and adaptability of the algorithm in the face of new environmental threats (Zhu et al., 2023). 

Overall Conclusion 

In conclusion, this study validates the use of AI as a transformative tool for the conservation of mangrove 

ecosystems. Its application not only contributes to the accurate and efficient monitoring of these habitats, but 

also strengthens sustainable management and community participation. In a global context where coastal 

ecosystems face increasing threats, innovative approaches such as this represent an effective and replicable 

solution to ensure their preservation (FAO, 2022). 
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