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            Abstract
The equilibrium theory of island biogeography1 is the basis for estimating extinction rates2 and a pillar of conservation science3,4. The default strategy for conserving biodiversity is the designation of nature reserves, treated as islands in an inhospitable sea of human activity5. Despite the profound influence of islands on conservation theory and practice3,4, their mainland analogues, forest fragments in human-dominated landscapes, consistently defy expected biodiversity patterns based on island biogeography theory6,7,8,9,10,11,12,13. Countryside biogeography is an alternative framework, which recognizes that the fate of the worldâ€™s wildlife will be decided largely by the hospitality of agricultural or countryside ecosystems12,14,15,16,17. Here we directly test these biogeographic theories by comparing a Neotropical countryside ecosystem with a nearby island ecosystem, and show that each supports similar bat biodiversity in fundamentally different ways. The island ecosystem conforms to island biogeographic predictions of bat species loss, in which the water matrix is not habitat. In contrast, the countryside ecosystem has high species richness and evenness across forest reserves and smaller forest fragments. Relative to forest reserves and fragments, deforested countryside habitat supports a less species-rich, yet equally even, bat assemblage. Moreover, the bat assemblage associated with deforested habitat is compositionally novel because of predictable changes in abundances by many species using human-made habitat. Finally, we perform a global meta-analysis of bat biogeographic studies, spanning more than 700 species. It generalizes our findings, showing that separate biogeographic theories for countryside and island ecosystems are necessary. A theory of countryside biogeography is essential to conservation strategy in the agricultural ecosystems that comprise roughly half of the global land surface and are likely to increase even further14.
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                    Figure 1: Hypothetical biodiversity changes in countryside and island ecosystems.[image: ]


Figure 2: Bat sampling locations.[image: ]


Figure 3: Countryside and island bat biodiversity patterns.[image: ]


Figure 4: Bat species richness responses in countryside and island ecosystems worldwide.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Bats use a variety of habitats in the countryside ecosystem.
Shown are the proportions of captured individuals from 30 species in different countryside habitats. Forest dependence rank ranges from forest avoidance (left side of xâ€‰axis) to reserve dependent (right side of xâ€‰axis) and was determined by comparing relative abundance in reserves (green) with that in coffee plantations (yellow).The proportions of individuals captured in smaller forest fragments of various sizes are also shown. Total numbers of individuals per species are listed parenthetically after abbreviated species names. A total of 4,424 individuals are represented.


Extended Data Figure 2 Assemblage Abundance Shift Index based on ordination analyses of bat abundances and how they collectively shift relative to bat abundances in minimally altered habitat.
The plots demonstrate how the Assemblage Abundance Shift Index accounted for changes in species richness to focus on predicting changes in assemblage-level shifts in abundances between habitats. In both ecosystems regression analyses favoured logarithmic relationships between the abundance-based assemblage similarity of the bats captured in a net relative to the reserve or mainland nets and the observed species richness of the bats captured in the net (see Methods). Logarithmic models (solid lines) outperformed linear models in model comparisons (countryside ecosystem Î”AICc = 22.75; island ecosystem Î”AICc = 5.92). For each ecosystem, logarithmic models were used to calculate the residual assemblage shift for each net that was not explained by changes in species richness but by changes in the abundances of species. The residuals are therefore an index of assemblage abundance shifting after accounting for changes in species richness. Regression coefficients and statistics are described in Extended Data Table 3.


Extended Data Table 1 Summary of model performances of forest habitat comparisons in an island ecosystem and a countryside ecosystemFull size table


Extended Data Table 2 Regression coefficients and relevant statistics generated from best-fit models from Extended Data Table 1Full size table


Extended Data Table 3 Summary of model performances of ecosystem-specific modelsFull size table


Extended Data Table 4 Regression coefficients and relevant statistics generated from best-fit models from Extended Data Table 3Full size table


Extended Data Table 5 Regression coefficients and relevant statistics generated from best-fit models accounting for species richness in the Abundance-Based Assemblage Similarity IndexFull size table


Extended Data Table 6 Observed diurnal roosts in deforested habitats in the countryside ecosystemFull size table
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The theory of island biogeography, originally developed to predict biodiversity patterns on real islands, is used routinely in conservation of tropical forests. Preserved fragments of forest are treated as islands, and intervening agricultural land is treated as uninhabitable sea. In this study Gretchen Daily and colleagues test their assertion that the widespread application of island biogeographic theory to countryside is distorting our understanding and conservation strategies in agriculture. A theory of countryside biogeography, they argue, should be far less dismissive of the diversity-promoting properties of the intervening countryside. By comparing bat diversity on islands in a lake and in nearby forest fragments, as well as using a global meta-analysis of bat diversity, the authors show that there is more diversity and evenness in the fragments than island theory predicts.
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