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Editorial on the Research Topic
 Marine Microbiome and Biogeochemical Cycles in Marine Productive Areas



The global ocean covers more than 70% of the Earth's surface and is remarkably heterogeneous. Marine productive areas, and coastal ecosystems comprise a minor fraction of the ocean in terms of surface area, yet have an enormous impact on global biogeochemical cycles carried out by microbial communities, which represent 90% of the ocean's biomass (Alexander et al., 2011). These marine productive areas also vary considerably in terms of primary and secondary production, and are classified as highly productive or class I (>300 gC m−2 yr−1), moderately productive or class II (150–300 gC m−2 yr−1), to low productive or class III (<150 gC m−2 yr−1). Work to date has largely focused on cycling of carbon and macronutrients such as nitrogen, phosphorus, and silicate: other important elements such as sulfur or trace elements have been less studied, reflecting associated technical and logistical issues. Increasingly, these marine areas, and the taxa that form their ecosystems, are subject to significant anthropogenic pressure, impacting marine life and recycling of energy and nutrients (Galton, 1884; Hasler, 1969; Jickells et al., 2017). A key example is that of cultural eutrophication, where agricultural run-off leads to nitrogen and phosphorus enrichment of coastal ecosystems, greatly increasing productivity resulting in algal blooms, deoxygenation of the water column and seabed, and increased greenhouse gas emissions (Bouwman et al., 2005), with direct local and global impacts on nitrogen and carbon cycles. However, the runoff of organic matter from the mainland to coastal ecosystems is just one of a series of pressing threats stressing microbial communities due to global change. Climate change has also resulted in changes in the cryosphere, as glaciers and permafrost melt, resulting in intensified marine stratification, while shifts of the redox-state in different biomes are rapidly reshaping microbial assemblages at an unprecedented rate (Altieri and Gedan, 2015; Breitburg et al., 2018; Cavicchioli et al., 2019; Hutchins et al., 2019).

Global change is, therefore, affecting key processes including primary productivity, CO2 and N2 fixation, organic matter respiration/remineralization, and the sinking and burial deposition of fixed CO2 (Hutchins et al., 2019). In addition to this, oceans are experiencing an acidification process, with a change of ~0.1 pH units between the pre-industrial period and today, affecting carbonate/bicarbonate buffer chemistry. In turn, acidification has been reported to impact planktonic communities, principally through effects on calcifying taxa (Stillman and Paganini, 2015). There is also evidence for shifts in the production of key intermediary volatile products, some of which have marked greenhouse effects (e.g., N2O and CH4, reviewed by Breitburg et al., 2018), due to the increase in global temperature, ocean stratification and deoxygenation, driving as much as ~25–50% of nitrogen loss from the ocean to the atmosphere in the so-called oxygen minimum zones (Bertagnolli and Stewart, 2018) or anoxic marine zones (Ulloa et al., 2012), driven by microbial processes. Other products, that are typically toxic for the marine nekton, including reduced sulfur species such as H2S, have a negative impact for marine resources like fisheries and coastal aquaculture. While global change has accelerated, there has been a parallel increase in awareness of the complexity of marine ecosystems, and especially the fundamental role of microbes as drivers of ecosystem functioning (Cavicchioli et al., 2019). At the same time, calls have intensified for the need for representative ecosystem-based models that can guide effective management of marine ecosystems. An example of this is the call made by the United Nations, proclaiming the Decade of Oceans Science for Sustainable Development 2012–2030 (https://en.unesco.org/ocean-decade).

This Research Topic is focused on studies characterizing the complexity of interactions seen in microbial communities, and their response to environmental variation across a comprehensive range of marine habitats. These extend from coral reefs stressors and microbialization (Meirelles et al.), through to coastal habitats including glaciers in a Norwegian archipelago (Garcia-Lopez et al.), to the deep-sea floor and the spatial heterogeneity of a submarine canyon system (Román et al.). Other authors examined the picoeukaryotic community dynamics in the Northwestern Pacific Ocean (Wang et al.), the influence of river discharges (Masotti et al.) and temporal variability of net primary production (Testa et al.) both in an upwelling system of the Eastern Subtropical South Pacific Ocean. The role of microbial communities in the carbon cycle is at the core of our Research Topic, including the fate of dissolved organic carbon in upwelling systems (Bif et al.), the utilization of one-carbon and methylated compounds in the coastal environment (Dinasquet et al.) and dissolved organic matter derived from permafrost thaw in Arctic fjords, influencing the microbial communities (Müller et al.). This diversity of environments and microbial processes provides a small glimpse of the multiple roles that microbial communities play in marine ecosystems. Other important aspects include the potential for biotechnological applications regarding the discovery of new bio-active compounds in a mangrove soil community (Chen et al.), the first sponge microbiome from the Persian Gulf (Najafi et al.) and the microbiome of the ecological engineer giant kelp Macrocystis pyrifera, including the utilization of alginate (Lin et al.).

As we face a climate crisis and other pressing threats to human life, such as the rise of antibiotic resistance (MacFadden et al., 2018) and the expansion of oxygen-deficient zones affecting fishing resources (Roman et al., 2019), marine microbial communities (including the microbiome of marine organisms) offer a plethora of potential sustainable and environmentally-friendly practices to reduce our impact on the environment and improve human lives. This includes the identification of novel bioactive compounds, development of green-blue energy, effective and efficient sewage treatments, and the mitigation of CO2 production, as carbon burial, and other greenhouse gases. By increasing our understanding of the functioning of those natural processes that allow our planet to auto-regulate and respond to perturbations, we can apply such knowledge to surmount current and imminent environmental problems. Life is thought to have originated in the ocean and since then, to the actual state of the biosphere, marine habitats have been the support to an astonishing diversity of life forms and metabolic pathways. As such, increasing our understanding on how the largest biome on Earth functions is possibly the most important enterprise of the upcoming decades and can provide answers and solutions for many of the current challenges that humankind faces.
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