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Climate change is the biggest threat that biodiversity faces in our time, it poses an increasing 
stress on populations which are forced to adapt or migrate to avoid extinction1,2. Protected 
areas are a powerful, cost-effective tool for biodiversity conservation, especially when forming a 
network that allows connectivity among populations3. The open ocean, or areas beyond national 
jurisdiction (ABNJ), represents most of the Earth’s surface and habitable space, and below its 
surface there is a highly valuable and little-known biodiversity that is at risk of extinction 4,5. For 
centuries we thought these ecosystems were too vast to be harmed, but with the stress that 
climate change poses on ecosystems and the increasing impact of anthropogenic activities, 
there is an urgent need for the implementation of marine protected areas (MPAs) that integrate 
climate change into conservation and target ABNJ4,5. The development of theoretical tools that 
forecast environmental changes (climate change metrics), combined with biological information, 
allows us to estimate shifts in biodiversity distribution and ecological turnover in future 
ecosystems6,7. This study will explore the use of climate velocity (a measure of the speed and 
direction of shifting isotherms) in ABNJ around Africa as a proxy for species movement under 
climate change to identify areas that might serve as refugia for species under shifting 
environmental conditions. 
 
Using historical sea surface temperature values, climate velocity will be calculated for each 
0.25° cell using the long-term temperature changes over their spatial range8. Future values will 
be estimated from CMIP6 models under three climatic scenarios, and classified by depth layer 
into surface (0-200 m), mesopelagic (200-1000 m) and bathypelagic (1000-4000 m). Then, 
conservation and fishing will be incorporated into spatial prioritisation with Prioritizr package in 
R software by parameterising a cost layer combining climate velocity and occurrence of 
commercial species as penalties, which will place MPAs in regions that can simultaneously 
minimise conflict with commercial fishing and have low climate velocity, while meeting 
conservation targets at different depth layers. The selection of species important for fisheries 
will be based on length measurements recorded in FishBase9 (longer species are more valuable), 
also including smaller commercially important species such as anchovies and sardines, while 
conservation targets will be set as minimum thershold of the occurrence of species in the IUCN 
Red List. The distribution of both groups of species (for conservation and fishing) will be 
estimated based on occurrence and distribution records in AquaMaps10. 
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