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Abstract  

Posidonia oceanica meadows are a key marine ecosystem in the Mediterranean Sea, with 
approximately 2.2% of their cover lost annually [1]. This seagrass generates unique habitats for 
multiple native marine species while retaining CO₂ and producing oxygen. It also protects sandy 
beaches by attenuating wave energy, and dead Posidonia wrack deposits on the shore can provide 
natural protection against sand loss during extreme weather events. Given its ecological relevance 
and declining coverage, restoration efforts through active transplantation have gained increasing 
attention. However, evaluating the success of these transplantations remains challenging, as it 
requires sustained, long-term monitoring of sparse and heterogeneously distributed individual 
shoots, a scenario for which current tools are not well suited. 

This research focuses on the autonomous monitoring of Posidonia oceanica meadows and 
transplantations using marine robotics and artificial intelligence. This research focuses on the 
autonomous monitoring of Posidonia oceanica meadows and transplantations using marine robotics 
and artificial intelligence. Unlike existing approaches designed for continuous meadows, this 
research focuses on the autonomous detection and monitoring of sparse individual shoots in 
restoration sites, combining multi-scale observations from satellites, UAVs, surface robots, and fixed 
underwater observatories with AI-driven data fusion. The proposed system will enable continuous 
assessment of key indicators of P. oceanica health, with particular emphasis on early-stage, 
low-density restoration sites. 

 

State of the art and research gap 

The monitoring of Posidonia oceanica meadows currently relies on methodologies ranging from 
in-situ diver observations to automated mapping via autonomous marine vehicles. To date, 
diver-based monitoring remains one of the most accurate approaches for assessing the status of 
both natural meadows and transplantations. This is largely due to the limitations of alternative 
methods in reliably capturing precise metrics, such as shoot density and leaf length. However, the 
reliance on scuba diving surveys is time-consuming and cost-prohibitive. Consequently, the resulting 
data is frequently characterized by low temporal resolution and inconsistency, hindering the 
extrapolation of long-term trends in seagrass health.  



 

To address these limitations, recent research has explored technological advancements to acquire 
precise, autonomous, or modeled data. Numerical techniques, including ecological modeling and 
probabilistic sampling strategies, have demonstrated reliability in estimating plant density within P. 
oceanica meadows [2, 3]. Furthermore, observational techniques based on imagery and bathymetry 
have gained prominence. The evolution of satellite remote sensing, particularly the introduction of 
high-resolution multispectral satellites such as Sentinel-2 and WorldView-2, has provided suitable 
tools for coastal monitoring and seagrass mapping [4, 5, 6]. While satellites yield reliable data at 
depths of up to 15 meters, their accuracy diminishes rapidly beyond this threshold due to spectral 
confusion with optically deep waters [7], limiting their utility for deep-water seagrasses. Other 
image-based approaches utilize cameras mounted on autonomous marine robots, coupled with 
semantic segmentation and object detection models, to consistently map seagrass beds [8, 9, 10]. 
Similar image-based solutions have also been used on unmanned aerial vehicles (UAVs), to improve 
resolution of satellite data on the limits of the seagrass meadow [11], or to use their data to train 
surface robots for autonomous detection of P. oceanica [12].   

Although these methods successfully acquire reliable monitoring data for continuous P. oceanica 
meadows, they cannot be readily extrapolated to transplantations. These techniques are generally 
optimized for high-density canopies and struggle to accurately resolve sparsely distributed individual 
shoots. Current research on seagrass restoration monitoring via photogrammetry has primarily 
focused on the high-resolution 3D mapping of transplantation areas using divers or underwater 
robots [13, 14]. While this approach provides highly detailed information at the shoot level, its low 
cost-effectiveness, poor data frequency, and dependence on specialized human or robotic 
interventions make it difficult to sustain over long monitoring periods (i.e., exceeding three years). 
Chau et al. [15] used object detection models such as Mask R-CNN to determine the seagrass 
frontal area focusing on low-density individual shoots. However the model was trained in an 
experimental layout with close to ideal conditions, making detections under bad camera or water 
color conditions not reliable.   

Current monitoring approaches range from in-situ diver observations to automated mapping via 
autonomous marine vehicles. While recent advances in satellite remote sensing, underwater 
imaging, and ecological modelling have improved our capacity to monitor continuous, high-density 
meadows, these methods cannot be readily extrapolated to transplantation scenarios, where shoots 
are sparse and heterogeneously distributed. This gap is particularly critical given that restoration 
guidelines recommend monitoring periods of at least six years to adequately evaluate 
transplantation success [16]. This PhD thesis therefore aims to develop specialized AI models and 
an autonomous observation system tailored to low-density P. oceanica transplantations, reducing 
dependence on costly and temporally limited dive-based surveys. 

Expected Results 

The expected results from this research are a validated autonomous monitoring system capable of 
assessing the health status of Posidonia oceanica through robotics and machine learning. This 
includes the use of AI models able to detect and estimate key indicators of Posidonia oceanica 
health, such as meadow cover, fragmentation, and shoot density, with AI-derived estimates 
calibrated and validated against in-situ observations when required. The work will also integrate 
computer vision models onto seabed landers to enable real-time actualizations on transplantation 
health, growth, and possible risk factors. The monitoring P. oceanica health indicators, and the 
feasibility of detecting each of them with the different proposed data system is shown in Table 1. 



 

 
Table 1: Data systems viability for each indicator 

The system will be validated at the P. oceanica meadow and transplantation site in Vilanova i la 
Geltrú, leveraging the existing OBSEA underwater observatory infrastructure, with the aim of 
producing a generalizable and scalable methodology applicable to other restoration projects across 
different locations.  
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