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Editorial on the Research Topic
 Biodiversity conservation and ecological function restoration in freshwater ecosystems





The significance and problems of freshwater ecosystems

As an essential resource for human life, freshwater has no substitutes. Freshwater ecosystems are among the most diverse and dynamic ecosystems on the planet, covering < 1% of the planet's surface, yet supporting ~9.5% of animal species and ~ one third of vertebrate species (Dudgeon et al., 2006; Balian et al., 2008; Wu et al., 2023). They also provide a wide range of ecosystem services to humans, such as flood regulation, food supply and cultural significance. These ecosystem services are intrinsically linked to the functional diversity of existing organisms and can therefore connect human societies to their habitat. Freshwater ecosystems are among the most degraded ecosystems on earth due to land use intensification, point and non-point source pollution, river modifications and overexploitation (Vörösmarty et al., 2010; Couto and Olden, 2018; Reid et al., 2019). Multiple stressors such as those described above will continue to have a profound impact on biodiversity and ecological system functions of freshwater ecosystems (Hering et al., 2015; Guo et al., 2020; Juvigny-Khenafou et al., 2020, 2021; Zhou et al., 2020), and the changes related with climate and global change are meaning additional threats for the freshwater communities (e.g., Martínez-Capel et al., 2017; Muñoz-Mas et al., 2018). In order to maintain biodiversity and key ecosystem processes, the conservation and restoration of freshwater ecosystems must be a top priority; thus global coordinated efforts are fundamental to advance in freshwater biodiversity science and conservation (Darwall et al., 2018).

Our goal is to address recent advances in the biodiversity-ecological functioning relationship, to illuminate the biodiversity maintaining mechanisms, and to proclaim the main environmental factors (flow discharge, river connectivity, etc.) that influence the biodiversity and ecosystem functions of freshwater ecosystems at different spatial scales. Through these scientific advances, we aim to improve our understanding of theories related to ecosystem function and provide support for biodiversity conservation and ecosystem restoration in freshwater ecosystems globally. This collection of 15 papers is our modest contribution to achieving this goal.



Impacts and solutions

In this research theme we have collected many latest pieces of research on freshwater ecosystems functions and freshwater biodiversity (including fish, micro-eukaryotic, phytoplankton, benthic algae, wetland plant and macroinvertebrates).

Uncovering the underlying drivers of biodiversity patterns has been a major Research Topic in ecology and biogeography for a long time (Myers et al., 2000; Chase, 2003; Leibold et al., 2004). Here we present three studies on the community assembly processes and their drivers. Ren at al. used 18S rRNA gene sequencing to assess the biogeography of micro-eukaryotic communities (MECs) and their driving factors in sediments of thermokarst lakes across the Qinghai-Tibet Plateau and concluded MECs in this region were jointly controlled by spatial and climatic factors as well as sediment properties. Wang, Li et al. showed through a temporal food web study of urban and woodland rivers that land use and seasonal changes in environmental conditions influence biological communities and their trophic interactions in riverine ecosystems. Xiang, Wang et al. studied the spatio-temporal dynamics of fish assemblages in the karst tributaries of the upper Yangtze River and showed that fish assemblages differed significantly between river reaches, whereas did not vary in a significant manner during 4 months. Fish communities in that region should therefore be protected by conserving intermediate habitats, particularly the many pools and riffles. The development of effective monitoring and management strategies to halt biodiversity decline has become an important topic in freshwater research (Myers et al., 2000; Stendera et al., 2012; Hermoso et al., 2016), and several of the above studies provide support for a comprehensive understanding of the processes that shape freshwater communities.

Recently, community ecologists have realized the need to start with information not only at the taxonomic level, but also from a functional perspective to understand the environmental interactions and the mechanisms shaping the community assembly in animals and plant communities (McGill et al., 2006; Tabacchi et al., 2019; Liu et al., 2021). Ao et al. harmonized and searched representative databases of macroinvertebrate traits from several continents and implemented this method in the Three Parallel Rivers Region, China, filling a research gap in those regions, including China, where macroinvertebrate trait studies were lagging. This approach has greatly contributed to the uniformity of global trait studies and to the accuracy and comparability of trait studies in different regions (Vieira et al., 2006; Sarremejane et al., 2020).

Furthermore, the relationship between biodiversity and ecosystem functioning is a central topic in ecological research. However, most relevant research publications mainly focus on grassland and forest ecosystems (Ptacnik et al., 2008; Filstrup et al., 2014). Zhang et al. highlighted the importance of functional diversity in maintaining the relationship between biodiversity and stability of phytoplankton community in the Xiangxi Bay of the Three Gorges Reservoir; this work contributes to the mechanistic understanding of the biodiversity-stability relationships in aquatic ecosystems.

In addition, several studies have shown that human infrastructure construction is a major driver of the losses in biodiversity and ecological function. For example, the construction of dams, reservoirs and hydropower stations threatens biodiversity, the ecosystem processes and services supported by rivers (Anderson et al., 2015; Grill et al., 2019); furthermore, the effects of flow regulation by dams can be intensified in an additive or synergistic way with climate and global change (Martínez-Capel et al., 2017; e.g., Bruno et al., 2019). Here we present a few articles on the impact of human engineering on organisms. Li Y. et al. elucidated the ecological response of planktonic eukaryotes by identifying their diversity and ecological distribution in trans-basin diversion channels. Liu et al. quantified the genetic diversity and population structure patterns of Saurogobio dabryi after habitat fragmentation caused by dams, which provided a reference for resource protection and management of this species in the upper Yangtze River. By studying the response of phytoplankton functional diversity to physicochemical conditions in subtropical cascade reservoirs, Shen et al. found inconsistent patterns concerning the cascading reservoir continuum concept (CRCC) and contributed to the further development of the theory of the CRCC.  Wang, Wu et al., in the Xiangxi River, described how small run-of-river dams affect different facets of β-diversity and community assembly process of benthic diatoms, and suggested that such kind of studies could be extended to other aquatic organisms (such as macroinvertebrates, phytoplankton, fish).

Li D. et al. revealed the complex quantitative relationships of planktonic food chains in wild aquatic ecosystems from the perspective of species interactions. Ecological threshold detection of cladocera-cyanobacterial abundances provides a quantitative basis for early warning and a key to the mechanisms of cyanobacterial blooms, contributing to more effective control and prevention methods. Zhou et al. and Wagutu et al. elucidated the relationship between crayfish and hydrilla and their environment from a genetic ecology perspective, providing valuable information for management strategies of such species. The former study will contribute to control strategies for invasive species, thereby reducing the damage to ecosystem function caused by invasive species (Simberloff et al., 2013).

Finally, we also collected three novel and valuable papers. Higher water temperatures could accelerate the decomposition of leaf-litter. Xiang, Li et al. pointed out that this may lead to the depletion of food for detritivores during future summers. Golpour et al. showed the Shannon diversity index of water eDNA targeting fish (wf-eDNA) method was significantly higher than traditional sampling methods. Thus wf-eDNA seems to be a reliable and complementary approach for biomonitoring and ecosystem management of freshwater ichthyofauna. Finally, the study by Feng et al. provided guidance on the deployment of artificial spawning grounds at both temporal and spatial scales, and also supported the enhancement of lake fish breeding and fisheries in Chinese lakes.



Implications and conclusions

In summary, freshwater ecosystems provide us with numerous ecosystem services and are the ecosystems on which human beings depend for their survival. In the 21st century, human activities and climate change will continue to have a profound impact on freshwater ecology. We have collected numerous recent research advances on the conservation of biodiversity and restoration of ecological functions in freshwater ecosystems in this Research Topic. We believe this collection can provide additional useful information for the realization of the topic. From a broader perspective, we have a responsibility and an obligation to work together to protect freshwater ecosystems.



Author contributions

NW wrote the first draft. All authors contributed to the article and approved the submitted version.



Acknowledgments

We are very grateful to all our colleagues who submitted, reviewed, and edited manuscripts for this Research Topic. Guohao Liu drafted this editorial.



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.



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

 Anderson, D., Moggridge, H., Warren, P., and Shucksmith, J. (2015). The impacts of “run-of-river' hydropower on the physical and ecological condition of rivers. Water Environ J. 29, 268–276. doi: 10.1111/wej.12101

 Balian, E. V., Segers, H., Leveque, C., and Martens, K. (2008). The freshwater animal diversity assessment: an overview of the results. Hydrobiologia. 600, 313–313. doi: 10.1007/s10750-008-9302-7

 Bruno, D., Belmar, O., Maire, A., Morel, A., Dumont, B., and Datry, T. (2019). Structural and functional responses of invertebrate communities to climate change and flow regulation in alpine catchments. Glob. Chang. Biol. 25, 1612–1628. doi: 10.1111/gcb.14581

 Chase, J. M. (2003). Community assembly: when should history matter? Oecologia. 136, 489–498. doi: 10.1007/s00442-003-1311-7

 Couto, T. B. A., and Olden, J. D. (2018). Global proliferation of small hydropower plants - science and policy. Front. Ecol. Environ. 16, 91–100. doi: 10.1002/fee.1746


 Darwall, W., Bremerich, V., De Wever, A., Dell, A. I., Freyhof, J., Gessner, M. O., et al. (2018). The Alliance for Freshwater Life: A global call to unite efforts for freshwater biodiversity science and conservation. Aquat Conserv. 28, 1015–1022. doi: 10.1002/aqc.2958


 Dudgeon, D., Arthington, A. H., Gessner, M. O., Kawabata, Z.-I., Knowler, D. J., Leveque, C., et al. (2006). Freshwater biodiversity: importance, threats, status and conservation challenges. Biol. Rev. 81, 163–182. doi: 10.1017/S1464793105006950

 Filstrup, C. T., Hillebrand, H., Heathcote, A. J., Harpole, W. S., and Downing, J. A. (2014). Cyanobacteria dominance influences resource use efficiency and community turnover in phytoplankton and zooplankton communities. Ecol. Lett. 17, 464–474. doi: 10.1111/ele.12246

 Grill, G., Lehner, B., Thieme, M., Geenen, B., Tickner, D., Antonelli, F., et al. (2019). Mapping the world's free-flowing rivers. Nature. 569, 215–221. doi: 10.1038/s41586-019-1111-9

 Guo, K., Wu, N., Manolaki, P., Baattrup-Pedersen, A., and Riis, T. (2020). Short-period hydrological regimes override physico-chemical variables in shaping stream diatom traits, biomass and biofilm community functions. Sci. Total Environ. 743, 140720. doi: 10.1016/j.scitotenv.2020.140720

 Hering, D., Carvalho, L., Argillier, C., Beklioglu, M., Borja, A., Cardoso, A. C., et al. (2015). Managing aquatic ecosystems and water resources under multiple stress–an introduction to the MARS project. Sci. Total Environ. 503, 10–21. doi: 10.1016/j.scitotenv.2014.06.106

 Hermoso, V., Abell, R., Linke, S., and Boon, P. (2016). The role of protected areas for freshwater biodiversity conservation: challenges and opportunities in a rapidly changing world. Aquat Conserv. 26, 3–11. doi: 10.1002/aqc.2681


 Juvigny-Khenafou, N. P. D., Piggott, J. J., Atkinson, D., Zhang, Y., Wu, N., and Matthaei, C. D. (2021). Fine sediment and flow velocity impact bacterial community and functional profile more than nutrient enrichment. Ecol Appl. 31, e02212. doi: 10.1002/eap.2212

 Juvigny-Khenafou, N. P. D., Zhang, Y., Piggott, J. J., Atkinson, D., Matthaei, C. D., Van Bael, S. A., et al. (2020). Anthropogenic stressors affect fungal more than bacterial communities in decaying leaf litter: a stream mesocosm experiment. Sci. Total Environ. 716, 135053. doi: 10.1016/j.scitotenv.2019.135053

 Leibold, M. A., Holyoak, M., Mouquet, N., Amarasekare, P., Chase, J. M., Hoopes, M. F., et al. (2004). The metacommunity concept: a framework for multi-scale community ecology. Ecol. Lett. 7, 601–613. doi: 10.1111/j.1461-0248.2004.00608.x


 Liu, Y., Zhang, M., Peng, W., Qu, X., Zhang, Y., Du, L., et al. (2021). Phylogenetic and functional diversity could be better indicators of macroinvertebrate community stability. Ecol. Indic. 129, 107892. doi: 10.1016/j.ecolind.2021.107892


 Martínez-Capel, F., García-López, L., and Beyer, M. (2017). Integrating hydrological modelling and ecosystem functioning for environmental flows in climate change scenarios in the Zambezi River (Zambezi Region, Namibia). River Res. Appl. 33, 258–275. doi: 10.1002/rra.3058


 McGill, B. J., Enquist, B. J., Weiher, E., and Westoby, M. (2006). Rebuilding community ecology from functional traits. Trends Ecol. Evol. 21, 178–185. doi: 10.1016/j.tree.2006.02.002

 Muñoz-Mas, R., Marcos-Garcia, P., Lopez-Nicolas, A., Martínez-García, F. J., Pulido-Velazquez, M., and Martínez-Capel, F. (2018). Combining literature-based and data-driven fuzzy models to predict Brown trout (Salmo trutta L.) spawning habitat degradation induced by climate change. Ecol Modell. 386, 98–114. doi: 10.1016/j.ecolmodel.2018.08.012


 Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B., and Kent, J. (2000). Biodiversity hotspots for conservation priorities. Nature. 403, 853–858. doi: 10.1038/35002501

 Ptacnik, R., Solimini, A. G., Andersen, T., Tamminen, T., Brettum, P., Lepisto, L., et al. (2008). Diversity predicts stability and resource use efficiency in natural phytoplankton communities. Proc. Natl. Acad. Sci. USA. 105, 5134–5138. doi: 10.1073/pnas.0708328105

 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. Biological Rev.94, 849–873. doi: 10.1111/brv.12480

 Sarremejane, R., Cid, N., Stubbington, R., Datry, T., Alp, M., Canedo-Arguelles, M., et al. (2020). DISPERSE, a trait database to assess the dispersal potential of European aquatic macroinvertebrates. Scientific Data. 7, 386. doi: 10.1038/s41597-020-00732-7

 Simberloff, D., Martin, J.-L., Genovesi, P., Maris, V., Wardle, D. A., Aronson, J., et al. (2013). Impacts of biological invasions: what's what and the way forward. Trends Ecol. Evol. 28, 58–66. doi: 10.1016/j.tree.2012.07.013

 Stendera, S., Adrian, R., Bonada, N., Canedo-Argueelles, M., Hugueny, B., Januschke, K., et al. (2012). Drivers and stressors of freshwater biodiversity patterns across different ecosystems and scales: a review. Hydrobiologia. 696, 1–28. doi: 10.1007/s10750-012-1183-0


 Tabacchi, E., Gonzalez, E., Corenblit, D., Garófano-Gómez, V., Planty-Tabacchi, A. M., and Steiger, J. (2019). Species composition and plant traits: characterization of the biogeomorphological succession within contrasting river corridors. River Res. Appl. 35, 1228–1240. doi: 10.1002/rra.3511


 Vieira, N., Poff, N., Carlisle, D., Ii, S., Koski, M., and Kondratieff, B. (2006). A database of lotic invertebrate traits for North America. U.S. Geological Survey Data Series. 187, 19. doi: 10.3133/ds187


 Vörösmarty, C. J., McIntyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A., Green, P., et al. (2010). Global threats to human water security and river biodiversity. Nature. 467, 555–561. doi: 10.1038/nature09440

 Wu, N., Guo, K., Suren, A. M., and Riis, T. (2023). Lake morphological characteristics and climatic factors affect long-term trends of phytoplankton community in the Rotorua Te Arawa lakes, New Zealand during 23 years observation. Water Res. 229, 119469. doi: 10.1016/j.watres.2022.119469

 Zhou, S., Wu, N., Zhang, M., Peng, W., He, F., Guo, K., et al. (2020). Local environmental, geo-climatic and spatial factors interact to drive community distributions and diversity patterns of stream benthic algae, macroinvertebrates and fishes in a large basin, Northeast China. Ecol. Indic. 117, 106673. doi: 10.1016/j.ecolind.2020.106673




OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Biodiversity conservation and ecological function restoration in freshwater ecosystems



		The significance and problems of freshwater ecosystems



		Impacts and solutions



		Implications and conclusions



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Ecology and Evolution

Editorial: Biodiversity conservation
and ecological function restoration
in freshwater ecosystems





OPS/images/fevo-11-1137985-i001.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Ecology and Evolution





