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The European Union Nature Restoration Law (2024/1991) mandates Member States to implement 

effective, area-based restoration measures to halt and reverse biodiversity loss in terrestrial and 

marine ecosystems (Hering et al., 2023). Cold-water corals (CWC), including red coral (Corallium 

rubrum) and white corals (Madrepora oculata and Desmophyllum pertusum), are prime candidates 

for active restoration efforts, as these habitat-forming species are important ecosystem engineers 

that support high local biodiversity through the three-dimensionally (3D) complex habitats they 

create (Roberts et al., 2009, 2006). By increasing the availability of hard substratum and enhancing 

overall habitat heterogeneity, they promote local species richness (Henry & Roberts 2007; 

Bongiorni et al. 2010) and provide essential habitat for commercial fish species (Costello et 

al.,2005; Söffker et al.,2011; Baillon et al. ,2012). However, this structural complexity is at risk 

from climate-driven shifts, particularly ocean acidification (Büscher et al., 2022) and physical 

damages resulting from the activity of demersal trawling (Fosså et al. 2002; Hall-Spencer et al. 

2002). For Corallium rubrum, another source of disturbance is the fishery activity, which impacts 

on this species due to its high economic value for the jewellery industry (Tsounis et al 2010). 

The BioMAT-COR project seeks to investigate the potential application of Mineral Accretion 

Technology (MAT)—a method successfully employed to enhance tropical coral growth through 

low-voltage direct electrical currents applied between submerged metal electrodes (anode and 

cathode)—for the restoration of white deep-water and red corals. While MAT has proven 

effective for shallow-water coral reef restoration (Sapater and Yap, 2002), its efficacy in deep-sea 

ecosystems and red corals remains largely unexplored (Strömberg et al., 2010; Benedetti et al., 

2011). 

BioMAT-COR aims to provide a mechanistic understanding of biomineralization processes in 

deep-water corals grown under MAT conditions, both in controlled laboratory experiments and 

natural environments. Specifically, the project will explore mechanisms enhancing coral growth, 

such as the creation of favourable chemical environments (e.g., elevated pH and carbonate 

saturation states) around the cathode, the inorganic precipitation of calcium carbonate facilitating 

larval settlement, and the potential enhancement of the coral pH-upregulation mechanisms 

(McCulloch et al., 2012) under MAT conditions. 

The research will involve comprehensive monitoring and analysis of several parameters to evaluate 

the success of MAT treatment on the corals, including growth parameters such as skeletal density, 

linear extension and calcification rates. Additionally, to assess the vitality and well-being of the 

corals under MAT treatment, parameters such as coral survival rates, tissue integrity, polyp activity, 

reproduction rates and recruitment will be investigated. These measurements will enable the 

development of an integrated and comprehensive biomineralization model. 

Growth data from MAT-treated corals will be complemented by specific geochemical analyses of 

coral skeletons and compared against control samples. Analyses will include stable isotopes (δ18O, 

δ13C, δ11B) and trace elements (B, Li, Mg, Ca, Sr, Ba, and U), reconstructing the chemical 

conditions of the calcifying fluid (pH and carbonate ion concentration), thus providing insights into 

the full carbonate chemistry parameters, such as alkalinity, dissolved inorganic carbon (DIC), 

and saturation state of the micrometer space where corals precipitate their skeleton. 

Through the integration of experimental approaches and detailed geochemical analysis, BioMAT-

COR will evaluate MAT’s feasibility as a restoration method for deep-water coral habitats. 

The project's outcomes will offer critical scientific insights that may guide future coral restoration 

practices and innovative conservation strategies, enhancing ecosystem resilience to climate 

change and anthropogenic stressors. 

The BioMAT-COR project will be structured into three phases: 

https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2024.1456505/full#B5


1. Methodological Training: Conducted at LECOB-Observatoire Océanologique de Banyuls-

sur-Mer (France), supervised by Dr. Lorenzo Bramanti, where MAT is currently employed 

on red corals. This phase will establish best practices and refine protocols suitable for deep-

water coral applications. 

2. Experimental Trials: Carried out at Stazione Zoologica Anton Dohrn in Naples, Italy, 

under the supervision of Dr. Frine Cardone. Here, MAT will be applied to white deep-water 

corals under controlled aquarium conditions. 

3. Geochemical Analyses: Performed collaboratively at the Department of Geosciences 

(University of Padova), Institute of Polar Sciences (CNR, Bologna), and Laboratory for 

Climate and Environmental Sciences (France), supervised by Prof. Manuel Rigo, Dr. Paolo 

Montagna and Dr. Eric Douville. Analyses will include stable isotope and trace element 

measurements. 
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Collaborations: Istituto di Scienze Polari (ISP-CNR), Stazione Zoologica Anton Dohrn (SZN), 
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