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Editorial on the Research Topic 
Freshwater science in the tropical anthropocene


Freshwater ecosystems comprise only 0.01% of the volume of water on Earth (Dudgeon et al., 2006) and 0.8% of its surface (Mittermeier et al., 2010), while harboring approximately 10% of the global diversity (Strayer and Dudgeon, 2010; Winemiller, 2018). Waterways, wetlands, lakes, and other freshwater ecosystems provide many ecosystem services, for example, provisioning, supporting, and cultural or nonmaterial benefits (Millennium Ecosystem Assessment, 2003; Millennium Ecosystem Assessment, 2005).
Tropical freshwater globally harbors most species with high genetic and phylogenetic diversity, and high endemism (e.g., Willig et al., 2003; Lomolino et al., 2010). Nevertheless, the tropics include areas still unknown or poorly studied (Irvine et al., 2016; Rico-Sánchez et al., 2020). Additionally, there is high human diversity with numerous cultures and languages (Collard and Foley, 2002), and developing countries in the tropics generally have high population density and industrial growth while lacking funds for environmental research, monitoring, and policy-making (Irvine et al., 2016; Kwok et al., 2007).
Despite the fundamental and irreplaceable role of freshwater ecosystems in sustaining life on Earth, these ecosystems are considered among the most threatened (Dudgeon, 2019). In the Anthropocene, freshwater environments are subjected to multiple stressors and cumulative impacts from the interactions of these stressors (Garcia-Moreno et al., 2014; Reid et al., 2019). These impacts are particularly evident in tropical freshwater ecosystems, which have been described as endangered hotspots (Dudgeon et al., 2006; Darwall et al., 2009; Mittermeier et al., 2010), in large part because of the ability to balance supply water for a large human population, the full range of ecosystem services and conservation of freshwater ecosystems and aquatic biodiversity is especially challenged in the region where research funding and environmental regulation and policy are limited.
The research topic “Freshwater Science in the Tropical Anthropocene” aimed to provide a critical overview of the current state of the gaps in our understanding of Freshwater Science in the Tropical Anthropocene, its challenges, and its major developments.
One of the consequences of the Anthropocene is the so-called sixth massive biodiversity extinction (Kolbert, 2014). Freshwater biodiversity does not escape this trend (Collins, 2010; Winemiller, 2018; Cowie et al., 2022). An emergency recovery plan to bending the curve of global freshwater biodiversity loss (BCGFBL) has been proposed by Tickner et al. (2020), delineating priority actions including, restoring critical habitats, and managing the exploitation of freshwater ecosystem resources, especially species and riverine aggregates. In addition, Bozelli (2019) taking into account the conditions in Brazil propose protection of ecosystem as a first step to restoration.
In our topic issue, a proposal for a Theory of Change to reverse the current Mexican freshwater fish extinction crisis is presented by Contreras-McBeath et al. The authors analyze the particular conditions of Mexico and suggest key intervention areas including restoration and reintroduction, conservation management prioritizing critically endangered species, exploration to find possibly extinct species, and communication and outreach to gain support for conservation interventions. These important findings by Contreras-McBeath et al., align with at least two priority actions presented by Tickner et al. (2020) to BCGFBL.
In addition, Keke et al. described the importance of analyzing ß- and γ-diversity to identify priority sites for conservation in Afrotropical lotic ecosystems where land-use alterations is a key driver of biodiversity loss. Consistent with Bozelli (2019), protection of ecosystems is the primary recommended action for restoring tropical freshwater ecosystems.
Biomonitoring is a key tool that provides a cost-effective and reliable way of assessing these changes in freshwater systems in response to cumulative impacts from multiple stressors, and for developing management strategies. However, in tropical freshwater ecosystems, impacts to freshwater ecosystems and aquatic biodiversity are often poorly understood because biomonitoring is not widely implemented. In this this topic, a characterization of an Andean river using physicochemical water parameters and biotic quality indices (including aquatic macroinvertebrates) is presented by Carrasco-Badajoz et al. their findings demonstrate that aquatic macroinvertebrates are suitable monitoring parameters for assessing water quality and that biomonitoring is a reliable, effective, and affordable assessment tool in developing countries, which was also a proposal by Bozelli (2019).
The effect of introduced fish and seasonality on aquatic ecosystem condition was assessed by Bellingan et al. using aquatic macroinvertebrates in the Keiskamma River system, South Africa. Macroinvertebrates patterns were driven primarily by seasonal flow patterns, although the presence of introduced fish also influenced macroinvertebrates. Thus, macroinvertebrates are sensitive indicators of the effects of non-native fish, and have potential to be an important biomonitoring tool to assess the impact of exotic species in tropical systems.
The DNA barcode (COI gene) was used for monitoring freshwater biodiversity and detecting changes in communities following perturbations to aquatic ecosystem in Mexico by Elías-Gutiérrez and Valdes-Moreno. Environmental DNA (eDNA) is a proving to be promising tool for assessing freshwater biodiversity and environmental change in the megadiverse Neotropics, and as valuable biomonitoring approach as also shown by Reid et al. (2019), although eDNA studies should be supported by a well-documented DNA baseline.
Pollution of freshwater ecosystems has long been a major issue, which has been exacerbated in the Anthropocene by the production and use of novel chemicals known as emerging pollutants (EP) and other pollutants of emerging concern (Tavengwa and Dalu, 2022). Among these new classes of pollutant, microplastics have emerged as a considerable a global issue. However, studies in tropical freshwater ecosystems are scarce, and there is a pressing need to strengthen scientific knowledge (Yardy et al., 2022). In this volume, Moyo present a meta-analysis of microplastics and to assess their impacts on functional traits of tropical freshwater fish and invertebrates. Bacterivores, omnivores, predators, and filter feeders were the guilds most affected by microplastic pollution of freshwaters compared to shredders, with filter feeders particularly susceptible as they are passive consumers. It was recommended that future studies assess chronic and long-term physiological and behavioral effects of microplastics on freshwater organisms. A second paper in this topic (Lopez et al.) highlighted the limitations around studying the chemical nature of microplastic pollution of tropical freshwater systems, and as a first step assessed the occurrence, concentration and distribution of suspected suspended microplastics (SSMP) in Ecuador. The authors used the SSMP/zooplankton ratio to evaluate the risk to filter and suspension feeders, which are potentially predisposed to consume SSMP at the expense of natural food items.
The topic of “Freshwater science in the tropical anthropocene” has emerged as a major area of research interest, and will continue to be a key focus area of pure and applied research. Indeed, further research is needed to increase understanding of the resilience of tropical freshwater systems to the cumulative impacts of multiple stressors, support management to better balance competing demands on tropical freshwater ecosystems, and support the development of biomonitoring programs and more robust policy frameworks to facilitate effective conservation of tropical freshwater ecosystem health and biodiversity.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Collard, I. F., and Foley, R. A. (2002). Latitudinal patterns and environmental determinants of recent human cultural diversity: Do humans follow biogeographical rules?Evol. Ecol. Res. 4, 371–383. 
 Collins, J. (2010). Amphibian decline and extinction: What we know and what we need to learn. Dis. Aquat. Org. 92, 93–99. doi:10.3354/dao02307
 Cowie, R. H., Bouchet, P., and Fontaine, B. (2022). The sixth mass extinction: Fact, fiction or speculation?Biol. Rev. 97, 640–663. doi:10.1111/brv.12816
 Darwall, W., Smith, K., Allen, D., Seddon, M., McGregor Reid, G., and Clausnitzer, V. (2009). “Freshwater biodiversity – A hidden resource under threat,” in Wildlife in a changing world: An analysis of the 2008 ed . Editors J-C. Vié, C. Hilton-Taylor, S. N. Stuart, and V. J. Kalkman (Gland, Switzerland: IUCN Red List of Threatened Species. IUCN), 43–54. 
 Dudgeon, D. (2019). Multiple threats imperil freshwater biodiversity in the Anthropocene. Current Biology 29: R942–R995. doi:10.1016/j.cub.2019.08.002
 Dudgeon, D., Arthington, A. H., Gessner, M. O., Kawabata, Z., Knowler, D. J., Lévêque, C., et al. (2006). Freshwater biodiversity: Importance, threats, status and conservation challenges. Biol. Rev. Camb. Philos. Soc. 81 (2), 163–182. doi:10.1017/S1464793105006950
 Garcia-Moreno, J., Harrison, I. J., Dudgeon, D., ClausnitzerDarwallFarrellSavyTockner, V. W. T. C. K., and Tubbs, N. (2014). “Sustaining freshwater biodiversity in the anthropocene,” in The global water system in the anthropocene ed . Editors A. Bhaduri, J. Bogardi, J. Leentvaar, and S. Marx (Cham: Springer Water, Springer). doi:10.1007/978-3-319-07548-8_17
 Irvine, K., Castello, L., Junqueira, A., Moulton, T., and Moulton, T. (2016). Linking ecology with social development for tropical aquatic conservation. Aquat. Conserv. Mar. Freshw. Ecosyst. 26, 917–941. doi:10.1002/aqc.2706
 Kolbert, E. (2014). The sixth extinction. An unnatural history. New York: Henry Holt and Company. 
 Millenium Ecosystem Assessments (2005). Ecosystems and human well-being: Policy responses. Available at: https://wedocs.unep.org/handle/20.500.11822/7848;jsessionid=B9AFAE930A612FF2F279362E30ED6FE6 (Accessed May 5, 2023). 
 Millenium Ecosystem Assessments (2003). Types of freshwater ecosystem services. Available at: https://www.climate-policy-watcher.org/ecosystem-processes/types-of-freshwater-ecosystem-services.html (Accessed May 5, 2023). 
 Mittermeier, R. A., Farrell, T. A., Harrison, I. J., Upgren, A. J., and Thomas, M. (2010). “Introduction. Fresh water: The essence of life,” in Fresh water: The Essence of life ed . Editors R. A. Mittermeier, T. A. Farrell, and I. J. Harrison (Arlington, Virginia: CEMEX Conservation Book Series). 
 Reid, A. J., Carlson, A. K., Creed, I. F., Eliason, E. J., Gell, P. A., Johnson, P. T. J., et al. (2019). Emerging threats and persistent conservation challenges for freshwater biodiversity. Biol. Rev. 94, 849–873. doi:10.1111/brv.12480
 Rico-Sánchez, A. E., Sundermann, A., López-López, E., Habroc, P. J., Mueller, S. A., and Haubrock, P. J. (2020). Biological diversity in protected areas: Not yet known but already threatened. Glob. Ecol. Conserv. 22, e01006. doi:10.1016/j.gecco.2020.e01006
 Strayer, D. L., and Dudgeon, D. (2010). Freshwater biodiversity conservation: Recent progress and future challenges. J. North Am. Benthol. Soc. 29, 344–358. doi:10.1899/08-171.1
 Tavengwa, N. T., and Dalu, T. (2022). “Introduction to emerging freshwater pollutants,” in Emerging freshwater pollutants. Analysis, fate, and regulation ed . Editors T. Dalu, and N. Tavengwa (Netherlands: Elsevier), 1–5.
 Tickner, D., Opperman, J. J., Abell, R., Acreman, M., Arthington, A. H., Bunn, S. E., et al. (2020). Bending the curve of global freshwater biodiversity loss: An emergency recovery plan. Biosci . 70 (4), 330–342. doi:10.1093/biosci/biaa002
 Winemiller, K. O. (2018). “Trends in biodiversity: Freshwater,” in Encyclopedia of the anthropocene (Netherlands: Elsevier), 151–161.
 Yardy, L. D., Al-Jaibachi, R., and Callaghan, A. (2022). “Microplastics in freshwater ecosystems with special reference to tropical systems: Detection, impact, and management,” in Emerging freshwater pollutants. Analysis, fate, and regulation ed . Editors T. Dalu, and N. Tavengwa (Netherlands: Elsevier), 151–163.
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Keke, Dalu, López-López and Arimoro. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Freshwater science in the tropical anthropocene		Author contributions

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Environmental Science






OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





