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            Abstract
Intensified exploitation of natural populations and habitats has led to increased mortality rates and decreased abundances of many species1,2. There is a growing concern that this might cause critical abundance thresholds of species to be crossed1,3,4,5, with extinction cascades and state shifts in ecosystems as a consequence4,6,7. When increased mortality rate and decreased abundance of a given species lead to extinction of other species, this species can be characterized as functionally extinct even though it still exists. Although such functional extinctions have been observed in some ecosystems3,4,8, their frequency is largely unknown. Here we use a new modelling approach to explore the frequency and pattern of functional extinctions in ecological networks. Specifically, we analytically derive critical abundance thresholds of species by increasing their mortality rates until an extinction occurs in the network. Applying this approach on natural and theoretical food webs, we show that the species most likely to go extinct first is not the one whose mortality rate is increased but instead another species. Indeed, up to 80% of all first extinctions are of another species, suggesting that a species’ ecological functionality is often lost before its own existence is threatened. Furthermore, we find that large-bodied species at the top of the food chains can only be exposed to small increases in mortality rate and small decreases in abundance before going functionally extinct compared to small-bodied species lower in the food chains. These results illustrate the potential importance of functional extinctions in ecological networks and lend strong support to arguments advocating a more community-oriented approach in conservation biology, with target levels for populations based on ecological functionality rather than on mere persistence8,9,10,11.
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                    Figure 1: Increased mortality rate of a species most often leads to extinction of another species.[image: ]


Figure 2: Functional extinction is more likely than numerical extinction in species with large biomass.[image: ]


Figure 3: Species at the top of food webs can only lose few individuals and sustain small extra mortality rates before going functionally extinct.[image: ]
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Countdown to extinction
True extinction occurs when the very last member of a species dies. But an apparently thriving species can be marked for extinction — functionally extinct — if it becomes too rare to uphold its role in the ecosystem, leading to the extinction of other dependent species. For example, higher than usual mortality rates in an abundant prey species can lead to the extinction of a predator dependent on that prey's abundance. Bo Ebenman and colleagues show in a series of modelling studies that the species in an ecosystem most likely to go extinct first — in 80% of instances — is not the one whose mortality rate is increased, but one linked to it in the food web. These findings support the case for a more system-oriented approach when setting target levels for populations of species in threatened ecosystems.
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