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As nations consider mining mineral-rich deposits found on the deep seabed in areas beyond national 
jurisdictions, a recent study has revealed just how little we know about these parts of the deep sea and 
how they might be affected by mining activities. The study, published in Marine Policy, is the culmination 
of a comprehensive review of peer-reviewed articles and consultation with scientists, contractors, and 
members and staff of the International Seabed Authority (ISA) to determine the critical scientific gaps 
that should be addressed by the ISA before mining begins. Addressing these gaps will help ensure the 
‘effective protection of the marine environment’ from harmful effects which may occur from seabed-
mining activities. The findings show that, in most regions, there is currently insufficient scientific 
knowledge to enable evidence-based decision-making in line with the ISA’s environmental 
obligations. This study also indicates that it would be impossible to close these scientific knowledge 
gaps within the next decade. 
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Key Findings 

Overall: 

● The northern Mid-Atlantic Ridge and the Clarion Clipperton Zone - the best studied regions for which 
the ISA has issued exploration contracts - each only had sufficient information for one of the 20 
scientific topics assessed (Figure 1). 

● Ecological baselines for midwater ecosystems do not exist for any of the regions where ISA 
exploration contracts have been issued.  

● 88% of experts consulted agreed that current scientific knowledge is too sparse to ensure the 
protection of the marine environment from impacts of deep-seabed mining. 

● 90% of experts consulted estimated it would take from six to more than 20 years to build the 
scientific knowledge needed to properly protect the marine environment from deep-seabed mining. 

 
The Clarion Clipperton Zone: 

● We have inadequate knowledge. 85% of the scientific topics assessed were dominated by knowledge 
gaps or had no knowledge (Figure 1). 

● The majority of species are not even known. Biologists estimate that up to 75% of animal species are 
yet to be discovered in areas that have been sampled. 

 ● The ecosystem is poorly understood. Many species have only been collected once or twice, which is 
not enough to draw sound conclusions on their ecological attributes (species abundance, diversity, 
ranges, relationships with other species, contribution to overall ecosystem function, extinction risks, 
and vulnerability to and recovery from deep-seabed mining).  

● Areas established for conservation are poorly known. The Areas of Particular Environmental Interest 
(APEIs) are severely under-sampled. Some are located at considerable distances from the contractor 
areas and their biological communities may have significant differences, leading to questions about 
their effectiveness. 

 
 

Only 1.1% of scientific topics assessed across regions 
and resources covered by mineral exploration contracts 
had sufficient information to enable evidence-based 
management of deep-seabed mining (Figure 1). 

https://www.sciencedirect.com/science/article/pii/S0308597X22000537?via%3Dihub
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Fig. 1. The current level of scientific knowledge in relation to evidence-based environmental management of deep-
seabed mining in regions where exploration contracts have been granted by the ISA. This has been compiled from a 
synthesis of the peer-reviewed literature and expert opinion, and includes both target and non-target areas within 
each region. * denotes benthic and pelagic habitats. Disclaimer: since the publication of this study, knowledge in some 
of these categories has increased, but knowledge gaps still dominate. 
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How Much Scientific Information is Enough? 

Closing the necessary scientific gaps related to deep-seabed mining is an essential and monumental task that 
requires clear direction, substantial resources, and robust coordination and collaboration. For example, an 
average 60-day expedition to the Clarion-Clipperton Zone costs millions of US dollars and requires several 
years to complete the sample processing and data analysis needed to help establish an environmental 
baseline. To describe natural conditions and variability in space and time in the same contract area would take 
several more research expeditions over many years. Broader regional sampling will then be needed in non-
targeted areas to evaluate regional patterns. Even though it is difficult to know when sufficient scientific 
information exists to inform decision-making, at a minimum we need answers to questions essential to 
predicting, evaluating, and managing impacts from deep-seabed mining, such as: 

 

● What species are present, which are most vulnerable to deep-seabed mining, and how do they vary 
with environmental parameters over space and time, including between different mineral resources? 

● What ecosystem functions are present, and how do they vary with environmental parameters over 
space and time, including between different mineral resources? 

● How are species in mining regions interlinked, both on the deep seafloor and in the broader ocean 
ecosystem? 

● How much impact can occur before food-web integrity and ecosystem functions are disrupted? 

● Can we distinguish mining impacts from natural seasonal or annual variability at the contractor and 
regional scale? 

● What are the environmental impact thresholds from mining that these ocean ecosystems can 
tolerate? 

● Are species capable of repopulating after mining disturbance, and what is needed to constitute an 
ecologically viable population? 

● How will ecosystem recovery be affected by or interact with other stressors such as climate change? 

 

Until such questions can be answered, there will be insufficient information for developing informed 
environmental impact assessments or formulating adequate environmental monitoring and management 
plans. Thorough research on these topics is also needed for the ISA to effectively regulate the development of 
regional environmental management targets and thresholds, area-based management tools, and more. 

 

Closing the Scientific Gaps: A Proposed Road Map 
This study proposed a potential road map of activities that could stimulate a much-needed discussion on how 
to answer these questions and close key scientific gaps before any exploitation is authorized (Figure 2). These 
activities included the delineation of environmental goals and objectives, the synthesis of data that already exist 
(including relevant traditional knowledge of Indigenous Peoples and local communities), as well as the 
establishment of a strategic and coordinated international research agenda to generate critical deep-sea 
environmental, biological, and ecological information.  
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About DOSI:  

The Deep-Ocean Stewardship Initiative is a global network of 
experts that seeks to integrate science, technology, policy, law 
and economics to advise on ecosystem-based management 
of resource use in the deep ocean and strategies to maintain 
the integrity of deep-ocean ecosystems within and beyond 
national jurisdiction. 
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Contact us: DOSI@soton.ac.uk 

Fig. 2. A proposed road map for closing key scientific gaps related to deep-seabed mining. This road map is applicable to any 
resource (polymetallic nodules, polymetallic sulfides, cobalt-rich ferromanganese crusts) in any relevant region with 
exploration contracts. It is broadly anticipated that a decade (or more) could apply to each resource in each region. Regions 
with more scientific knowledge than others (e.g., the Clarion-Clipperton Zone) may require less time. This process can occur 
concurrently for each resource in each region shortening the potential multidecadal time frame, although this will depend 
on resources available.  
 

Even if the narrowest approach to environmental research is undertaken, the proposed road map will likely 
take several decades for all resources in all regions. 

https://doi.org/10.1016/j.marpol.2022.105006
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