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Abstract 

Seas and oceans, the largest biomes of the biosphere, show an increasing number of largely 

degraded habitats. The multiple human impacts on natural ecosystems are causing a widespread 

habitat loss, with consequent decline of biodiversity and ecosystem services. To address the 

dreadful state of the ocean, the United Nations proclaim in 2021-2030 Decades of “Ocean Science 

for Sustainable Development” and “Ecosystem Restoration”. The Decades should turn the 

scientific knowledge and understanding into effective actions supporting improved ocean 

stewardship for sustainable development while the ecological restoration is the main tool to reverse 

the decline and recover the biodiversity, along with human health and wellbeing. This is a great 

challenge for scientists, stakeholders, politicians and civil society to recognize the need to 

massively accelerate a global sustainable development and restoration of degraded marine 

ecosystems, to fight the climate heating crisis, enhance food security, provide clean water and 

protect biodiversity on the planet. 

 
Key Word and Phrases 
Ocean, Sustainable Development, Restoration, Marine Ecosystems, UN Decades.  

 

1. Ocean Science for Sustainable Development 

Covering more than 70% of the planet‟s surface, the ocean is central to human well-being, 

providing valuable and vital ecosystem services such as climate regulation, food, energy, mineral 

and genetic resources, and cultural and recreational services [1]. The value of the ocean economy 

speaks to its importance: the Organization for Economic Cooperation and Development estimates 

that by 2030, $3 trillion USD will be generated annually from ocean sectors such as transportation, 

fishing, tourism, and energy [2]. Today, more than 40% of the global population lives in areas 

within 200 km of the ocean and 12 out of 15 mega cities are coastal [3]. Doubling of the world 

population over the last 50 years, rapid industrial development, and growing human affluence are 

exerting increasing pressure on the ocean [4].  

Dailianis et al. [5] has provided a list of the major human activities acting on key European 

marine habitats: agriculture, carbon sequestration, coastal and marine infrastructure, defence and 

security, extraction of living resources, extraction of non-living resources, land-based industry, 

non-renewable energy generation, production of living resources, renewable energy generation, 

research and conservation, tourism/recreation and transport. All these activities exert multiple 

(endogenous and exogenous) pressures [5], which contribute to ongoing habitat degradation and 

loss (Table 1).  

 

Table 1 

Pressures (endogenous)    

Abrasion Introduction of synthetic compounds 

Aesthetic pollution Introduction/translocations of non-indigenous species 

Barrier to species movement Litter 
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Change in wave exposure (local) Nitrogen and phosphorus enrichment 

Changes in siltation and light regime Noise 

Collision pH changes (local) 

Electromagnetic changes Salinity regime change 

Emergence regime change (local) Selective extraction of non-living resources 

Input of organic matter Selective extraction of species 

Introduction of microbial pathogens Smothering 

Introduction of non-synthetic compounds Substratum loss 

Introduction of other substances Thermal regime change 

Introduction of radionuclides Water flow rate changes (local) 

Pressures (exogenous)   

Change in wave exposure Salinity regime change 

Emergence regime change Thermal regime change 

Geomorphological changes Water flow rate changes 

pH changes   

 

Such changes reduce the capacity of marine ecosystems to deliver valuable ecosystem services 

and increase their sensitivity to future impacts such as those associated with climate change. The 

health of the ocean has now reached a critical point since most fish stocks are overexploited, 

climate change and increased dissolved carbon dioxide are changing ocean chemistry and 

disrupting species throughout food webs, and the fundamental capacity of the ocean to regulate the 

climate has been altered [1], [6]-[8].  

To address the dreadful state of the ocean, the United Nations (UN) proclaim in 2021-2030 an 

international Decade of Ocean Science for Sustainable Development with aims to galvanize the 

international community to acquire and apply scientific knowledge of the ocean. This marks a 

major milestone in the Ocean Decade and reinforces the commitment of the Member States of the 

UN on the central role of ocean science in sustainable development, including its promise to “leave 

no one behind,” which includes coastal least developed countries and small island developing 

states. The Ocean Decade will undoubtedly influence research agendas and financing well beyond 

2030 and this focus is captured in the phrase “the science we need for the ocean we want” [9]. The 

Decade can mobilize the ocean community behind the ideas of sustainable development and serve 

to focus the research and technological development in oceanography on existentially important 

issues of protection and sustainable use of the ocean [10]. The idea of the Decade is to achieve a 

major change in the knowledge and management of the ocean.  

The Decade runs from 2021 through 2030, which is also the deadline for the Sustainable 

Development Goals and the timeline scientists have identified as the last chance to prevent 

catastrophic climate change. It is reflected in the following two over-arching goals that provide the 

high-level motivation for the Decade: 1) to generate the scientific knowledge and underpinning 

infrastructure and partnerships needed for sustainable development of the ocean; and 2) to provide 

ocean science and data to inform policies for a well-functioning ocean in support of all Sustainable 

Development Goals of the 2030 Agenda. The design of the Decade should address both deep 

disciplinary understanding of ocean processes and solution-oriented research to generate the 

knowledge needed for reducing pressures on the ocean, preserving and restoring ocean ecosystems 

and safeguarding ocean-related prosperity for future generations [10], [11]. The Decade should turn 

the scientific knowledge and understanding into effective actions supporting improved ocean 

stewardship for sustainable development.  

The Decade will aim to achieve considerable progress in a number of research and technology 

development areas with a view of generating the following six societal outcomes [10]: 1) a clean 

ocean, whereby sources of pollution are identified, quantified and reduced along with an efficient 

removal of pollutants from the ocean; 2) a healthy and resilient ocean, whereby marine ecosystems 

are mapped and protected while multiple impacts, including climate change, are quantified and 
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potentially reduced in order to conserve ocean ecosystem services; 3) a safe ocean, whereby human 

health is much better protected from ocean hazards including a major security for all operations at 

sea; 4) a predicted ocean, whereby society has an important role contributing to understand current 

and predict future ocean conditions, the human well-being and livelihoods; 5) a sustainably 

harvested and productive ocean, ensuring the provision of food supply and alternative livelihoods 

should create a better understanding of the interactions and interdependencies of the ocean 

ecosystem and environmental conditions and processes, the use of resources and the economy; and 

6) a “transparent and accessible” ocean, whereby all nations, stakeholders and citizens have access 

to ocean data, information, technologies and the capacities to inform their decisions. Most of these 

societal outcomes of the Decade are holistic and to be achieved require actions supported by 

society, governments, and key (industrial) stakeholders.  

Nevertheless, progress in several thematic areas of ocean science is either necessary or very 

useful to achieve them [3] but scientific papers should not be the sole measure of success of the 

Decade. Impact to society, appropriately measured against clear objectives, should also be a 

measure of success [10]-[12].  

 

2. Ecosystem Restoration  

Climate change, non-sustainable resource extraction, land-based pollution, and habitat 

degradation are threatening the productivity and health of the ocean in alarming ways [5], [13], 

[14]. Societal demands for resources often go hand in hand with massive alterations of marine 

habitats. Over recent decades to centuries, continued declines of coastal ecosystems have occurred 

worldwide such that the global coverage of saltmarshes, mangroves, seagrasses, oyster reefs, kelp 

beds and coral reefs has been reduced by 35-85% [15]-[21].  

Indeed, the intensive exploitation of marine ecosystems and other effects of human usages [22], 

[23] are largely responsible for the alarming degradation and loss of marine ecosystems, including 

the deep sea [17], [19], [22], [24], [25]. Such environmental degradation results in drastic declines 

in the value of marine ecosystem services and, subsequently, increasing costs to society [26]-[28]. 

Solutions are urgently needed and will require leadership, trans-disciplinary approaches, 

international frameworks and national roadmaps, political and financial commitments, and strong 

governance [12]. At present, society is flooded with messages regarding the degradation of, and 

challenge of repairing, Earth‟s natural capital [29]. Thus, active marine restoration has been 

identified as a possible way forward to counteract some of these negative effects [30]. Such 

restoration could address for instance the recovery of ecosystem structure and function, which has 

been identified as one of eight “grand challenges” in marine ecosystems ecology [31].  

On 1 March 2019, the UN General Assembly declared 2021-2030 the “UN Decade on 

Ecosystem Restoration.” This call to action has the purpose of recognizing the need to massively 

accelerate global restoration of degraded ecosystems, to fight the climate heating crisis, enhance 

food security, provide clean water, and protect biodiversity on the planet [12]. Only with healthy 

ecosystems can we enhance people‟s livelihoods, counteract climate change, and stop the collapse 

of biodiversity. The UN Decade on Ecosystem Restoration is an opportunity to help turn the tide 

and give people and nature a sustainable future. This declaration also coincides with the UN 

Decade of Ocean Science for Sustainable Development. If both decades are executed in a 

coordinated manner, signatory nations could stand to deliver on both these UN calls to action [12]. 

To advance ongoing efforts in the (still emerging) field of marine restoration, different forms of 

knowledge must be combined: not only biological and technical aspects, but also social and 

cultural dimensions [11]. Yet, marine ecosystem restoration is a relatively new field and is 

proposed as a key strategy to rebuild the oceans [32], [33]. Relatively low implementation of 

restoration in marine compared with terrestrial or freshwater environments [34] is likely related to 

the greater challenge of working in the marine environment but is also likely influenced by low 

confidence in outcomes [35].  

Examination of median values reported primarily in peer-reviewed literature suggests that 

marine coastal restoration projects are typically small scale (<1 ha), short duration (1-2 years), 

expensive (>US $100,000s ha
-1

), and have low item-based survival [36], [37]. Interest in the 

relatively young field of marine restoration is increasing rapidly as suggested by several initiatives 
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and project performed all around the world promoted by EU commission, national and international 

administrations, and governances.  

The H2020 MERCES (Marine Ecosystem Restoration in Changing European Seas) project has 

explored the potential of restoration actions in shallow soft and hard bottoms (including 

mesophotic) and deep-sea habitats at pan-European scale, from Norway to Turkey. MERCES is 

giving a special attention on the most fragile and vulnerable habitats, including seagrass meadows, 

algal and kelp forests, coralligenous outcrops, cold-water corals, canyons, seamounts and fjords in 

25 different pilot areas. More than 20 protocols (species translocation and transplanting, seedling 

and grazer removal, artificial biodegradable substrates) for restoration have been tested to increase 

restoration efficiency and to identify the criteria for the selection of target species and habitats. 

Within the frame of the MERCES project, pilot restoration actions have been successfully carried 

out on 4 species of seagrasses (Zostera marina, Z. noltii, Cymodocea nodosa and Posidonia 

oceanica), coupled with bivalves to activate ecological facilitations processes (e.g., Mytilus edulis, 

Pinna nobilis and Macoma balthica). Coral, gorgonians and sponge species (e.g., Chondrilla 

nucula, Aplysina aerophoba, Spongia officinalis, Corallium rubrum, Paramuricea clavata, 

Eunicella singularis, and E. cavolini) have been used to restore hard bottoms. Finally, a real 

challenge of the MERCES project has been the setup of restoration protocols for deep-sea habitats, 

including soft and hard bottoms and species of cold-water corals (e.g., Callogorgia verticillata, 

Paracalyptrophora josephinae, Viminella flagellum, and Lophelia pertusa - Desmophyllum 

pertusum).  

Specific actions have been carried out to promote and inspire policy initiatives and to provide 

legal frameworks to support restoration in different EU countries in order to put restoration 

business at the heart of the Biodiversity Agenda. MERCES involved public, private and industrial 

stakeholders, for offering new blue-growth opportunities. Restoration accelerates the recovery of 

biological communities at local scales [38]-[45]. Although restored habitats remain vulnerable to 

subsequent disturbance events, their biodiversity has the potential to increase ecosystem resilience 

of larger areas by providing seed material for recovery [46]. Against a backdrop of environmental 

crisis, the UN Decade on Ecosystem Restoration is a chance to revive the natural world that 

supports us all. A decade may sound like a long time, but scientists say will count most in the fight 

to avert climate change and the loss of millions of species during these next ten years.  

The Society for Ecological Restoration identifies ten actions and priorities in the strategy of the 

UN Decade that can build a #GenerationRestoration for both terrestrial and marine ecosystems: 1) 

empower a global movement; 2) finance restoration on the ground; 3) set the right incentives; 4) 

celebrate leadership; 5) shift behaviours; 6) invest in research; 7) build up capacity; 8) celebrate a 

culture of restoration; 9) build up the next generation and 10) listen and learn. A globally 

coordinated effort for the protection of the ocean for biodiversity, food and climate is a priority task 

[47] but researchers and managers increasingly recognize a need for ocean restoration actions to 

halt further decline. 

 

3. Priorities for the implementation of the Marine Restoration  

Marine ecosystem restoration is a very young branch of ecosystem restoration, although 

attempts have been made all over the world in the last decade [33], [48]. Major efforts of 

restoration actions have spent in key habitats such as coral and oyster reefs, seagrass, mangrove, 

saltmarsh and kelp forest for their spatial distribution and importance in terms of good and services 

they provide for human well-being. Restoration initiatives include large-scale projects, which 

receive high amounts of funding provided by international donors and projects financed by 

privates, which typically lack of appropriate monitoring programs. In addition, there are also small 

projects with low financial support from local or national government, often with a rudimentary 

monitoring plan.  

Despite growing awareness and recognition that integrated approaches are needed to revert 

complex and interconnected socio-economic and environmental issues like land degradation, the 

socio-economic dimension remains underexposed in the majority of restoration projects, whereas 

monitoring is still regarded as an extra cost instead of a necessary investment [49]. When 

successful, restoration of marine-coastal systems can provide a myriad of benefits, relating to 
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climate, biodiversity, economic growth, and physical and mental well-being [50]. Decades of 

research on how science contributes to innovation and policy indicates that the most successful 

scientific programs are solution oriented and collaborative, with policymakers, industry, and 

communities helping to identify science that is directly applicable to the issues they face; that is, 

where demand for science among end-users - the knowledge needed for decision-making - 

influences science supply - research priorities and outputs [51]. The success of restoration actions 

depends upon the inherent ecology and biology of the species and habitats being restored [14]. Life 

history and population connectivity impact restoration success, while structural complexity 

typically is a feature that will affect the habitat‟s vulnerability against perturbations. This means 

that restoration actions should mainly undertake two different activities. The first step should be to 

protect and maintain structural complexity and diversity, the second should be devoted to 

enhancing the conditions crucial for those features that make the success uncertain (i.e., life history 

and population connectivity) [14].  

A review on successful restoration efforts across a suite of metrics in coastal marine systems 

reports that similar to terrestrial systems, restoration interventions can be effective over large 

spatial expanses (1,000s-100,000s ha), persist for decades, rapidly expand in size, be cost-effective, 

and generate social and economic benefits [33]. The same authors provide also the list of priority 

factors that the greatest chances of success for restoration project cover multiple aspects on 

biophysical, technological and socio-economic factors: 1) context-specific requirements in relation 

to specific environment and ecology; 2) restoring habitats with sufficient connectivity to source 

populations; 3) mitigating multiple stressors using layered interventions; 4) adaptive management 

to provide additional, rapid responses when required; 5) optimizing regenerative capacity of 

systems though low-cost modifications in planting design; 6) use of low-cost technology that is 

cheap and scalable; 7) use of propagules; 8) partnerships; 9) legal or policy mandates and 10) 

sufficient financial investment and commitment to long-term monitoring and maintenance. The 

lack of knowledge of pre-disturbance baselines, which may have shifted along with climate change, 

is also a challenge. Ultimately, this hampers a proper evaluation of the impact of anthropogenic 

activities, the actual degree of degradation and therefore the choice of the restoration goals [14].  

The MERCES project experience suggests that the ecological restoration requires adequate 

financing, relevant policy decisions, social awareness, and engagement with the private sector to be 

successful in marine ecosystems [52], [53]. Because restoration costs are high this should not be a 

reason not to include them through regulation or preclude activities. In addition, the experience 

acquired during the implementation and monitoring including the interaction with local 

stakeholders provided crucial lessons learned that can be capitalized in future restoration plans. 

Stakeholders, including local communities, funding organizations, governmental bodies, scientists, 

citizens and volunteers can play a key role in the upscaling restoration projects. 

 

4. Conclusions 

These global UN initiatives offer a great opportunity to restore marine ecosystems and could 

support the ecological transition to a sustainable future of our societies.  However, the gaps 

between terrestrial and marine ecosystems restoration are still evident and require adequate support 

in terms of technological development and policy. A crucial point is the definition of the costs and 

the potential for scaling up of marine restoration, which are likely to be far more expensive than in 

terrestrial ecosystems. In addition, the technical challenges and high costs posed by the deep-sea 

restoration, make the exploitation of deep-sea resources difficult to compensate in the near future. 

The UN Decades on “Ocean Science for Sustainable Development” and “Ecosystem Restoration” 

are just at the beginning but are likely to provide an unprecedented opportunity for relaunching 

marine science in the next decade towards the sustainability targets.  
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