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            Abstract
Tropical forests are important reservoirs of biodiversity1, but the processes that maintain this diversity remain poorly understood2. The Janzenâ€“Connell hypothesis3,4 suggests that specialized natural enemies such as insect herbivores and fungal pathogens maintain high diversity by elevating mortality when plant species occur at high density (negative density dependence; NDD). NDD has been detected widely in tropical forests5,6,7,8,9, but the prediction that NDD caused by insects and pathogens has a community-wide role in maintaining tropical plant diversity remains untested. We show experimentally that changes in plant diversity and species composition are caused by fungal pathogens and insect herbivores. Effective plant species richness increased across the seed-to-seedling transition, corresponding to large changes in species composition5. Treating seeds and young seedlings with fungicides significantly reduced the diversity of the seedling assemblage, consistent with the Janzenâ€“Connell hypothesis. Although suppressing insect herbivores using insecticides did not alter species diversity, it greatly increased seedling recruitment and caused a marked shift in seedling species composition. Overall, seedling recruitment was significantly reduced at high conspecific seed densities and this NDD was greatest for the species that were most abundant as seeds. Suppressing fungi reduced the negative effects of density on recruitment, confirming that the diversity-enhancing effect of fungi is mediated by NDD. Our study provides an overall test of the Janzenâ€“Connell hypothesis and demonstrates the crucial role that insects and pathogens have both in structuring tropical plant communities and in maintaining their remarkable diversity.
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                    Figure 1: Suppression of insects and pathogens alters seedling community composition and diversity, respectively.[image: ]


Figure 2: Recruitment across the seed-to-seedling transition showed NDD in the control, but spraying with the fungicide Amistar removed this NDD.[image: ]


Figure 3: Negative density dependence is strongest in species that are most abundant as seeds.[image: ]


Figure 4: Including NDD in model simulations reproduces the observed diversity patterns, whereas excluding NDD underestimates diversity in the control and insecticide treatments.[image: ]
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        Editorial Summary
Plants' foes promote biodiversity
The exceptional species richness of tropical rainforests takes some explanation, and one explanation that is well favoured, the Janzenâ€“Connell effect, sounds counterintuitive. It proposes that community diversity is promoted by natural enemies such as fungal pathogens and insect herbivores on the grounds that they prevent any individual host species from becoming too common. This paper reports on experiments in the Chiquibul Forest Reserve, Belize, in which fungi and insects were removed from forest plots in controlled conditions. The results confirm that the fungal pathogens can promote high plant diversity, and that insect herbivores alter the composition of these plant communities.
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