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How might marine mineral exploitation impact the deep sea?
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Credit: Muñoz-Royo et al. 2022 Science Advances

Example disturbance – sediment plume on seafloor 
(& in mid-water)

Note: not shown - animals



Knowledge Gaps
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Knowledge Gaps
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Microbial ecosystem services
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This is fueled by 
chemosynthesis!

Microbial ecosystem services
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Credit: Vonnamhe et al. (2020) Science Advances

Example: Decreased microbial biomass and ecosystem 
services even after decades of recovery



Critical knowledge gaps
• What are the marine mineral contents of seafloor materials?

• What are the biodiversity and ecosystem services that could be impacted by 
critical mineral exploitation (on the seafloor and in the mid-water)? 

• What is the resilience of ecosystem services to perturbation (on the seafloor 
and in the mid-water)?

• What are cost-effective strategies to provide early warning to prevent serious 
harm (on the seafloor and in the mid-water)?

• How might impacts be cumulative with other stressors (like climate change)?

• Need: Expand the field of deep-sea scientists

• Need: Train scientists to communicate findings to other stakeholders



10+ years to fill gaps, for each resource type

Amon et al. (2022) Marine Policy



More info about knowledge gaps and status of Deep-Sea Mining

https://youtu.be/lk16IPABhW8 https://youtu.be/W7WnATpPxOghttps://youtu.be/RhPg30AZrTU

cobra.bigelow.org Funding provided by the U.S. National Science Foundation’s AccelNet program award OISE-2114593

https://youtu.be/lk16IPABhW8
https://youtu.be/W7WnATpPxOg
https://youtu.be/RhPg30AZrTU


What is COBRA ?

cobra.bigelow.org

CO-ORDINATION
Catalyze collaborations

ACCELERATION
Fill knowledge gaps

TRANSLATION 
Bringing findings to policy makers, 

industry, and the public

EDUCATION 
Training next generation in deep-sea 

expedition leadership

ACTIVITIES OUTCOMES IMPACTS

A larger network of diverse 
individuals leading deep-sea 
science and engaged in crustal 
ocean biosphere research and 
policy translation

Evidence-based policy, 
management, and 

solutions for sustainable 
crustal ocean biosphere 

conservation and use

Equitable research 
priority roadmaps 

to address 
knowledge gaps

Distillation and sharing 
of new knowledge for 
policy makers, resource 
managers, industry, and 
the public

Funding provided by the U.S. National 
Science Foundation’s AccelNet program 
award OISE-2114593



Example: Science to inform policy making

Example: recent workshop 

Develop a white paper for 
policy makers* summarizing 
what is known and unknown 

about value, thresholds, 
monitoring and observing 

capacities

Workshop held in collaboration 
with NSF-funded AccelNet 
“iDOOS” project



Photos by International Institute for Sustainable 
Development (IISD) / Earth News Bulletin and 
Diego Noguera.

Example: 
Science to inform 
policy making

Disclaimer: 
I am an ambassador for DOSI, but 
views expressed here are my own



Credit: Drazen et al. 2020 PNAS

We need shipboard 
and in-situ methods 
to assess changes in 
ecosystem services 

in real-time to 
indicate potential 

“harm” from human 
perturbation



Image courtesy Whitt et al. Frontiers in Marine Science 2020 (creative commons attribution license CC-BY)

We need more ocean observing technology in areas 
being targeted for critical mineral exploitation
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We need more global deep sea research assets 
(ships, ROVs, AUVs, HOVs, moorings, profilers, coring, etc.)
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“The lack of a consensus on what constitutes ‘serious harm’ and 
the current lack of quantitative thresholds

limits the ability of [the International Seabed Authority] to 
effectively protect the marine environment… .until ecological 

consequences can be properly understood, measured and 
controlled.”

These critical knowledge gaps need to be addressed


