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Predictable effects of marine protected areas on ecosystem multifunctionality 
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No-take marine protected areas (MPAs) are well-known to affect various ecosystem properties like fish 

biomass, cover of foundation species, and predation pressure. However, generalizations about MPA effects on 

the overall state of ecosystems – the focus of much current management – are made difficult by the fact that 

both the direction and strength of effect varies considerably between different organisms, ecosystem types and 

areas. Based on theory and applications in other fields of ecology, we suggest that 'ecosystem multifunctionality' 

(the aggregated response of multiple ecosystem processes or state variables) better represents the ecosystem 

than single variables, and can also be used to assess effects of MPAs. Against this background, we tested how 

time of protection affects five common ecosystem variables  vs. several 'ecosystem multifunctionality' indexes, 

using data from a unique seagrass and coral reef ecosystem survey within and outside 12 MPAs along the East 

African coastline. Responses of single ecosystem variables (fish biomass and species richness, urchin density, 

cover of foundation species, algal cover) were highly variable (from exponentially positive effects on fish 

biomass, to no effect on algal cover, to exponentially negative effects on urchin density), and differed between 

the two ecosystems. Depending on the choice of variable, this suggests that MPA effects are either present or 

absent, and either grow stronger or weaker with time. Meanwhile, the 'ecosystem multifunctionality' index 

showed a clear positively linear effect of time of protection in both ecosystems. Moreover, the individual 

contribution of single variables can easily be calculated and weighted depending on interest. In summary, we 

show that while single ecosystem variables show highly variable responses to protection, the ecosystem 

multifunctionality index suggest that the overall effects of MPAs on marine ecosystems are positive, strong and 

continuous even after >40 years of protection. 
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