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Editorial on the Research Topic
 Tropical Forest Ecosystem Responses to Increasing Nutrient Availability



Human activity is nowadays altering the structure and functioning of ecosystems in most regions of the world. While deforestation and conversion to agricultural land are the most visible threats to tropical forests worldwide, these systems are also increasingly exposed to atmospheric nutrient deposition and climate change (Lewis et al., 2009, 2015; Malhi et al., 2014; Newbold et al., 2014). Even the most remote tropical forest areas are expected to receive rising amounts of air-borne nutrients, which will have unknown consequences for the biogeochemical cycles, structure and functioning of these systems, no matter if they are within protected areas or not (e.g., Wilcke et al., 2013; Fernández-Martínez et al., 2014). In the decades to come, both climate change and atmospheric deposition likely will amplify the pressure exerted on the remaining tropical forests. Today, effects of global warming are already recognizable in the structure and species composition of tropical forests (e.g., Duque et al., 2015; Báez et al., 2016), and the foliar N concentrations of tropical trees have been found to increase in certain regions (e.g., Hietz et al., 2011). However, the effects of increased atmospheric nutrient deposition on the biological diversity and ecosystem functioning of tropical forests are currently poorly understood. No doubt, politicians, forest managers and scientists need a mechanistic understanding of the processes of change that are triggered by continued nutrient addition, in order to sustainably manage and conserve these systems in the future.

Only in the last decade, increasing research efforts have been directed toward the understanding of the consequences of nutrient inputs for tropical ecosystems, including several replicated field experiments (e.g., Wright et al., 2011; Homeier et al., 2012). This special issue brings together the results from studies exploring the effects of experimental nutrient manipulation in tropical forests at different organization levels, ranging from single species to the ecosystem level. Six of the nine articles in the issue deal with the ongoing interdisciplinary nutrient manipulation experiment in perhumid Andean forests of southern Ecuador (NUMEX). They address a variety of topics, notably effects of N and/or P addition on soil carbon and nitrogen concentrations (Velescu et al.), soil phosphatase activity (Dietrich et al.), and soil N2O fluxes (Müller et al.) and soil aggregation (Camenzind et al.), and they deal with the response of tree seedlings to increased nutrient availability (Cárate-Tandalla et al.) and changes in the wood anatomy of a locally common tree species (Spannl et al.). The paper by Powers et al. reviews the diversity of nutrient addition effects on tropical dry forests, and Ostertag and DiManno review plant foliar responses to N and P fertilization in different ecosystems based on a literature survey. Hofhansl et al. discuss potential interactive effects of nutrient addition and increasing atmospheric [CO2] in tropical Amazonian lowland forests as studied in the AmazonFACE and AFEX experiments. All studies report significant changes in the studied ecosystem components or processes in response to nutrient addition, highlighting the importance of even small alterations in the nutrient cycle of tropical forests for their functioning.

The magnitude of potential tropical forest responses to increasing nutrient availability depends on the compartment considered and the amount and duration of nutrient addition, ranging from minor alterations in biogeochemical cycles or altered growth rates to shifts in species composition, biotic homogenization and markedly altered ecosystem services. Reactions at all organization levels are likely to be modified or amplified by feedback with other disturbances and could lead to a decrease of ecosystem resilience. Eventually, long-term nutrient deposition may result in alternative stable forest states or even novel ecosystems. Because of the ecological complexity of tropical forests with different forest types and even the species within a given forest responding in different ways to nutrient addition, well-designed comprehensive studies combining manipulative approaches with long-term monitoring are needed to be able to predict the fate of these systems during the next decades.

Future studies should ideally combine the monitoring of climate, element fluxes and forest functioning with an evaluation of species composition and species performance (e.g., Zhou et al., 2013; Fayle et al., 2015; Trumbore et al., 2015; Mori et al., 2017). The recently obtained results suggest that study periods should have a minimum extension of 10 years, since climate variation and specific weather events can interfere with the effects of altered nutrient availability. Since most tropical forests are by far too diverse to study every species, we suggest focusing primarily on abundant taxa and important functional species groups. Finally, to further understand how human activities are affecting tropical forest, modeling approaches are needed that integrate the observed process responses and help understand the mechanistic relationships that drive the change.
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