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Phytoplankton are key members of river ecosystems wherein they influence and regulate the health of the local environment. Headwater streams are subject to minimal human activity and serve as the sources of rivers, generally exhibiting minimal pollution and strong hydrodynamic forces. To date, the characteristics of phytoplankton communities in headwater streams have remained poorly understood. This study aims to address this knowledge gap by comparing phytoplankton communities in headwater streams with those in plain rivers. The results demonstrated that within similar watershed sizes, lower levels of spatiotemporal variability were observed with respect to phytoplankton community as compared to plain rivers. Lower nutrient levels and strong hydrodynamics contribute to phytoplankton growth limitation in these streams, thereby reducing the levels of spatiotemporal variation. However, these conditions additionally contribute to greater phytoplankton diversity and consequent succession towards Cyanophyta. Overall, these results provide new insights into the dynamics of headwater stream ecosystems and support efforts for their ecological conservation.
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1 Introduction

Headwater streams are the first-order confluence units in the watershed, wherein they exist as primary rivers formed via the accumulation of runoff from the surrounding catchment area. These headwater streams play an important role in transporting and delivering water and nutrients from the land to the downstream rivers (Marx et al., 2017; Baattrup-Pedersen et al., 2018; Petrin et al., 2023). Phytoplankton are fundamental primary producers in aquatic ecosystems, serving as the bedrock of the food web and playing a pivotal role in nutrient cycling and energy flow (Qiu et al., 2013; Taipale et al., 2016; Amaneesh et al., 2023). As phytoplankton can promptly respond to signals indicating changes in the aquatic environment, their community structure can serve as a valuable indicator of ecological quality (Li et al., 2019; Chiellini et al., 2020). As such, there is a need for research focused on phytoplankton communities in headwater streams in an effort to preserve the associated aquatic ecosystems.

Many environmental factors, such as water temperature, nutrient availability, and hydrodynamics can impact the structure of phytoplankton community (Garzke et al., 2019; Xu et al., 2021). Water temperature can impact phytoplankton cell size and growth rate (Grimaud et al., 2017). Within a favorable water temperature range, rising water temperatures correspond to higher rates of phytoplankton growth (Baker and Geider, 2021). Changes in nutrient availability can significantly impact phytoplankton community structure, with growth rates being related to nutrient absorption rates under suitable water temperature and pH conditions (Schulhof et al., 2019; Villanova et al., 2021; Du et al., 2023). Hydrodynamic conditions also play a role in shaping phytoplankton community, as many phytoplankton are prone to thrive under stagnant water conditions (Li et al., 2013). Thus, there might be significant variability in phytoplankton community structure across different habitats. Headwater streams are primarily localized in mountainous regions where they exhibit strong hydrodynamic forces and are subject to relatively little human activity. The primary factors influencing the structure of headwater stream phytoplankton communities have not been firmly established, which hinders the development of evidence-based conservation strategies for these ecosystems.

In this study, we investigated phytoplankton communities in typical representative headwater streams and compared them with plain rivers. The main objectives were to study the phytoplankton community in headwater streams and identify key environmental factors influencing their patterns. The findings may provide significant implications for the ecological preservation of headwater streams.




2 Materials and methods



2.1 Study area

This study was conducted in headwater streams (23°51’–23°54’ N, 113°48’–113°52’ E) of Pearl River, China (Figure 1A). The region experiences a subtropical maritime monsoon climate, characterized by long summers and warm winters, with annual temperatures ranging from 19°C to 24°C. The coldest temperatures are typically observed in January, averaging 16°C to 19°C, while the warmest temperatures occur in July, averaging 28°C to 29°C. Both headwater streams are situated in mountainous areas with an average slope of 2.6%. The study also included plain rivers (31°28’–31°34’ N, 119°40’–119°46’ E) in the watershed of Taihu Lake, China (Figure 1B), as the control. These rivers exhibited a flat terrain with an average slope of 0.04% and low flow velocity. The surrounding areas of these rivers were primarily characterized by residential zones and farmland. The region experiences a subtropical monsoon climate, with an average annual temperature of approximately 16°C. The Pearl River basin is predominantly mountainous, while the Taihu Lake basin is characterized by plains, making them commonly used subjects for studying headwater streams and plain rivers.




Figure 1 | Location of study area and sampling sites. Headwater streams (A); Plain rivers (B).






2.2 Field survey

Field sampling of headwater streams was conducted in June and December of 2022, including a total of 17 sampling sites (Figure 1A). Additionally, 31 sampling sites were established in the plain rivers (Figure 1B), and field sampling was conducted in January and July of 2022.

A multiparameter water quality meter (YSI ProQuatro, YSI Inc., USA) was used to measure water temperature, dissolved oxygen (DO), and pH at each site. Water samples were collected at 0.2 m below the surface using an organic glass water sampler with a capacity of 5 L. Subsequently, the water samples were transferred into 500 mL sample bottles for preservation and later water analyses.

Phytoplankton cell counting was performed on the collected surface water samples. For this, 1 L sample bottles to which 15 mL of Lugol’s iodine solution was added, aiding in the preservation of the samples for subsequent analysis.




2.3 Sample analyses

Total nitrogen (TN), total phosphorus (TP), nitrate, nitrite, ammonium, and soluble reactive phosphorus (SRP) levels were measured according to the Monitoring Analysis Method of Water and Wastewater. Water samples were passed through a 0.45 μm filter membrane (GF/F, Whatman) prior to the analyses of dissolved nutrients. Dissolved inorganic nitrogen (DIN) was calculated by summing up the concentrations of nitrate, nitrite, and ammonium values.

For phytoplankton analyses, the water sample with Lugol’s solution was left to settle for 24 hours. After sedimentation, the supernatant was siphoned off using a small-diameter silicone tube to obtain a final volume of 30 mL. The remaining water samples were thoroughly mixed, and 0.1 mL was taken with a pipette and placed on a counting chamber covered with a glass coverslip. The samples were then imaged at magnifications of 10 × and 40 × to identify the species and count the cells of each species. Counts for 20 randomly selected fields of view were obtained, with the average of three counts per field of view being determined and reported as phytoplankton cell density (cells/L).

The alpha diversity of phytoplankton community was measured using equations 1-3: (Chang et al., 2021):

Dominance index (Y) (McNaughton, 1967):



where ni representing the number of individual phytoplankton in genus i; N represents the total number of individual phytoplankton at each point; fi represents the occurrence frequency of this species in the sample site.

Shannon-Wiener index (H’)



where S represents the number of phytoplankton genera per sampling point.

Pielou’s evenness index (J)






2.4 Statistical analysis

Spearman’s correlation analyses were used to analyze the correlations between environmental factors and phytoplankton abundance as well as alpha diversity values. Statistical analyses were performed using SPSS v22.0 (SPSS Inc., IL, USA). Results were compared using independent sample t-tests following the variance homogeneity tests. * P< 0.05, ** P< 0.01 and ***P< 0.001.





3 Results



3.1 Water temperature, DO, and pH levels

Compared to the plain rivers, headwater streams showed relatively small fluctuations in water temperature, ranging from 9.6°C to 28.8°C. In the dry and wet seasons, the average water temperatures in headwater streams were 12.8°C and 23.7°C, respectively. On the other hand, the plain rivers experienced significant seasonal fluctuations, with average water temperatures of 6.2°C and 32.4°C during the dry and wet seasons, respectively (Figure 2A). There were no significant seasonal variations in average DO or pH values when comparing the headwater streams and the plain rivers. However, during the wet season, the plain rivers exhibited greater spatial fluctuations in DO (1.16–20.00 mg/L) and pH (6.9–9.8) (Figures 2B, C).




Figure 2 | Characteristics of water temperature, DO and pH in the river flow. Water temperature (A); DO (B); pH (C). PR, Plain rivers; HS, Headwater streams; WT, water temperature; DO, dissolved oxygen. ***P < 0.001.






3.2 Water nutrients

In headwater streams, significant seasonal variations in TN concentrations were observed, with average concentrations of 0.79 mg/L during the dry season and 2.69 mg/L during the wet season. In contrast, the plain rivers showed an average TN concentration of 2.54 mg/L during the dry season, while during the wet season, these concentrations fluctuated substantially, ranging from 1.10 to 3.60 mg/L, with an average of 2.85 mg/L (Figure 3A). On the other hand, no significant seasonal differences in DIN concentrations were observed in headwater streams, with an average of 0.53 mg/L during the dry season and 0.30 mg/L during the wet season, with respective ranges of 0.18–0.60 mg/L and 0.01–0.86 mg/L. In contrast, the plain rivers exhibited significant seasonal differences in DIN concentrations, with average values of 2.28 mg/L during the dry season and 0.51 mg/L during the wet season (Figure 3B).




Figure 3 | Characteristics of TN and DIN in the river flow. TN (A); DIN (B). *P < 0.05 and ***P < 0.001.



In general, headwater streams exhibited lower TP and SRP concentrations compared to the plain rivers, which aligns with the observed trend in TN concentrations. Notably, during the wet season, the plain rivers showed greater spatial fluctuations and higher overall TP and SRP concentrations (Figures 4A, B). Headwater streams displayed relatively low SRP concentrations, ranging from 0.001 to 0.016 mg/L during the dry season and mostly undetectable levels during the wet season. In contrast, the average SRP concentration in the plain rivers was 0.14 mg/L (0.01–0.17 mg/L) during the wet season, while the average TP concentration was 0.32 mg/L (0.14–0.52 mg/L).




Figure 4 | Characteristics of TP and SRP in the river flow. TP (A); SRP (B).  **P < 0.01 and *** P < 0.001.






3.3 Phytoplankton density and species

Headwater streams did not display any significant seasonal variability in phytoplankton density, maintaining an average of 1.18 × 105 cells/L during the dry season (2.26 × 104–2.38 × 105 cells/L) and 1.25 × 105 cells/L during the wet season (5.66 × 103–5.32 × 105 cells/L). In contrast, the plain rivers exhibited notable spatiotemporal differences in phytoplankton density. The average phytoplankton density in these rivers during the wet season was 2.04 × 106 cells/L (2.28 × 105–6.18 × 106 cells/L), significantly higher than the average of 8.55 × 105 cells/L during the dry season (3.68 × 105–2.01 × 106 cells/L) (Figure 5A).




Figure 5 | Characteristics of phytoplankton community in the river flow. phytoplankton density (A); phytoplankton species (B); phytoplankton density proportion (C).



In total, seven phytoplankton phyla were detected in the headwater streams, with an additional Pyrrophyta phylum being detected in samples collected from the plain rivers. The dominant phyla in both water systems included Cyanophyta, Euglenophyta, Bacillariophyta, and Chlorophyta (Figure 5B). In the headwater streams, 6 phyla, 30 genera, and 50 species of phytoplankton were detected during the dry season, while 6 phyla, 27 genera, and 38 species were detected during the wet season. In the plain rivers, 8 phyla, 54 genera, and 161 species were detected during the dry season, while 8 phyla, 42 genera, and 95 species were detected during the wet season (Figure 5B). During the dry season, the headwater streams were primarily dominated by Cyanophyta, Chlorophyta, and Bacillariophyta, accounting for 75.5%, 9.9%, and 9.0% of the overall phytoplankton community, respectively. Similarly, during the wet season, these dominant groups were Cyanophyta, Bacillariophyta, and Chlorophyta, with respective proportional abundance values of 76.4%, 11.9%, and 8.2%. In contrast, in the plain rivers, the dominant groups during the dry season were Cyanophyta, Chlorophyta, and Bacillariophyta, making up 63.4%, 17.2%, and 11.6% of the overall phytoplankton community. However, during the wet season, Cyanophyta dominated the plain rivers, representing a substantial 96.0% of the cell density (Figure 5C).




3.4 Phytoplankton diversity

Both the Shannon-Wiener index and Pielou’s evenness index were significantly higher in headwater streams compared to those in the plain rivers, and there were no seasonal differences observed. In headwater streams, the average Pielou’s evenness index during the dry and wet seasons were 0.83 and 0.87, respectively, whereas the corresponding values for the plain rivers were 0.33 and 0.11. Similarly, the average Shannon-Wiener index values in headwater streams during the dry and wet seasons were 1.51 and 1.32, respectively, whereas the corresponding values for the plain rivers were 1.00 and 0.26 (Figures 6A, B).




Figure 6 | Pielou’s evenness and Shannon-Wiener indexes of phytoplankton in the river flow. Pielou’s evenness index (A); Shannon-Wiener index (B).







4 Discussion



4.1 Headwater streams exhibit poor nutrient levels and strong hydrodynamics

Headwater streams generally exhibit lower levels of nutrients compared to the plain rivers, particularly in terms of SRP and DIN. The differences in nutrient concentrations in headwater streams are smaller during both the dry and wet seasons (Figures 3, 4). This is primarily due to the limited human activities in headwater streams, resulting in lower external nutrient inputs. Additionally, the steeper slopes and stronger hydrodynamics in headwater streams impede nutrient accumulation (Lamb et al., 2017). In contrast, the plain rivers have weaker hydrodynamics and are affected by higher levels of nearby industrialization, agriculture, and urbanization. The uneven distribution of point and non-point pollution sources, such as agricultural runoff and domestic wastewater, also contributes to more significant spatial variability in nutrient levels within the plain rivers (Xiong et al., 2021; Tang et al., 2022). During the wet season, the TN levels in headwater streams increased significantly compared to the dry season, while there was no corresponding change in DIN levels. This can be attributed to frequent rainfalls during the wet season, which wash organic matter from the watershed into the streams (Panton et al., 2020; Croghan et al., 2021). Despite the increase in organic matter input, the elevated DO levels and less hydraulic residence time in these streams limit the conversion of organic nitrogen into inorganic nitrogen (Liu et al., 2021). As a result, there is no significant rise in inorganic nitrogen levels in these headwater streams (Figure 3B). The seasonal water temperature difference observed in headwater streams was 11.0°C, which was significantly lower than the 31.6°C in the plain rivers (Figure 2A). This discrepancy can be attributed to their geographic locations (Ding et al., 2016). There were relatively limited spatial differences in DO and pH among different sites, with the exception of the plain rivers during the wet season (Figures 2B, C).




4.2 Headwater streams display lower spatiotemporal variations in phytoplankton community

Diversity index were utilized in this study to assess the phytoplankton community structure (Wang et al., 2020; Hu et al., 2022). Both the Pielou’s evenness index and Shannon-Wiener index for headwater streams were significantly higher than those for the plain rivers (Figure 6), indicating a greater stability and even distribution of the phytoplankton community in headwater streams compared to the plain rivers. In headwater streams, there was relatively limited spatial variation in the phytoplankton community, with an average density during the wet season only 1.06-fold higher than that during the dry season. On the other hand, the plain rivers showed pronounced seasonal fluctuations in phytoplankton density, ranging from 3.68 × 105 to 6.18 × 106 cells/L, with an average density during the wet season that was 2.40-fold higher than that during the dry season. Additionally, significant spatial variability was evident during the wet season (Figure 5A). Overall, headwater streams displayed lower spatiotemporal variations in phytoplankton community composition compared to the plain rivers.

Within a specific range, there was a positive correlation observed between water temperature and phytoplankton growth rates (Grimaud et al., 2017; Gerhard et al., 2019). This correlation is particularly noticeable for Cyanophyta, as they exhibit greater water temperature sensitivity compared to other phytoplankton species (Elliott, 2010). Surprisingly, during the wet season, an 11.0°C increase in water temperature in headwater streams did not have any impact on phytoplankton density, and no apparent seasonal variations in the relative abundance of water temperature-sensitive Cyanophyta were observed in these headwater streams (Figure 5C). As a result, there were no significant correlations were found between water temperature, DO, pH, and phytoplankton density in headwater streams. These findings suggest that water temperature, DO, and pH might not be the primary influencing factors for the phytoplankton community in headwater streams.

During the wet season, both TP and TN levels in headwater streams increased compared to the dry season, while phytoplankton density remained relatively low (Figure 5A). This can be attributed to that SRP and DIN are the nutrient forms most readily utilized by aquatic organisms (Gomez-Velez et al., 2015; Chen et al., 2020). SRP and DIN concentrations in headwater streams remained consistently low without significant seasonal fluctuations (Figures 3B, 4B). Hydrodynamics are also important factors influencing phytoplankton species composition. Larger Bacillariophyta cells are more likely to settle in the flow (Wang et al., 2018). In headwater streams with stronger hydrodynamic forces during the wet season, there were increased proportions of Bacillariophyta in the phytoplankton community (Figures 5B, C). However, the low nutrient availability limited phytoplankton growth in these headwater streams, resulting in no significant seasonal differences in phytoplankton density. Consequently, nutrient availability and hydrodynamic conditions were the primary factors influencing the phytoplankton community structure in headwater streams, leading to reduced seasonal variability in phytoplankton abundance.

During the dry season, there were no significant correlations between environmental factors and phytoplankton density in the plain rivers. However, during the wet season, phytoplankton density showed significant positive correlations with water temperature, DO, pH, TP, and SRP (Supplementary Figure 1). The phytoplankton community structure displayed pronounced seasonal differences, with Cyanophyta accounting for 63.4% of the phytoplankton density in the plain rivers during the dry season, but increasing to 96.0% during the wet season (Figure 5C). Previous studies have shown that Cyanophyta thrive in water temperatures between 25.0°C–35.0°C and exhibit heat-tolerant metabolic activity, making them able to tolerate water temperature fluctuations (Nalewajko and Murphy, 2001). During the wet season, the plain rivers experiences higher water temperatures conducive to Cyanophyta growth. These elevated water temperatures also enhance the nutrient acquisition rates by phytoplankton (Nalley et al., 2018), coupled with abundant nutrient supply in the plain rivers, facilitating Cyanophyta growth and their dominance during the wet season (Supplementary Table 1). Moreover, Cyanophyta have lower specific gravity, enabling them to cluster and proliferate under the lower flow velocity in the plain rivers (Huisman et al., 2018). As a result, plain rivers displayed lower spatiotemporal variations in phytoplankton community than headwater streams.




4.3 Implications for headwater stream conservation

Headwater streams play a crucial role as valuable natural resources, serving as vital water sources for energy production (Ferreira et al., 2019; Zhang et al., 2020). Although the water quality in the analyzed headwater streams was found to be in good condition, as evidenced by the Pielou’s evenness index for the phytoplankton communities (Ali and Khairy, 2016), However, it is essential to acknowledge that future resource development efforts could potentially impact the ecological health of these streams. At present, there is an increasing number of small hydropower stations being developed worldwide, particularly in headwater streams (Couto and Olden, 2018). The construction of small hydropower stations can reduce water flow velocity, leading to greater nutrient enrichment in the river (Alp et al., 2020; Lai et al., 2022). This disruption may have influences on phytoplankton communities in headwater streams. Moreover, while the impact of water temperature on phytoplankton communities in headwater streams is limited, the rising global temperatures may change this scenario (Hoegh-Guldberg et al., 2019). As nutrient concentration and water temperature increase, the risk of phytoplankton blooms in headwater streams could also increase. To ensure the health of these streams, it is essential to enhance monitoring and protection efforts while undertaking resource development. Strict regulations on river pollution and comprehensive assessments of the effects of resource development on headwater stream ecology are essential steps towards ensuring the sustainable health of these water bodies. In this study, headwater streams were situated in the Pearl River basin, while plain rivers were in the Taihu Lake basin. They were in separate watersheds, which may result in differences in phytoplankton communities due to their geographical locations. Moreover, their different field survey time may also influence the phytoplankton communities. Field surveys are still needed to collect more data in future.





5 Conclusions

In this study, we analyzed the characteristics of phytoplankton communities in headwater streams and evaluated their associations with environmental factors by comparing phytoplankton communities in headwater streams with those in plain rivers. The main findings are as follows:

	(1) The phytoplankton communities in headwater streams exhibited greater diversity and lower spatiotemporal variability compared to those in plain rivers, with Cyanophyta being the dominant species.

	(2) Low nutrient concentrations and strong hydrodynamics shape the structure of phytoplankton communities in headwater streams.

	(3) These results offer valuable insights into the ecology feature of headwater streams, benefitting efforts to support their ecological conservation in the future.







Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

CZ: Conceptualization, Methodology, Writing – original draft. RX: Methodology, Writing – review & editing. BH: Conceptualization, Writing – review & editing. XC: Writing – review & editing. WS: Writing – review & editing, Supervision. SL: Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the CRSRI Open Research Program (Program SN: CKWV20231193/KY), Science and Technology Innovation Program from Water Resources of Guangdong Province (2021-07) and the National Natural Science Foundation of China (No. 51979171, 42277060 and 42161055).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpls.2023.1276289/full#supplementary-material




References

 Ali, E. M., and Khairy, H. M. (2016). Environmental assessment of drainage water impacts on water quality and eutrophication level of Lake Idku, Egypt. Environ. pollut. 216, 437–449. doi: 10.1016/j.envpol.2016.05.064

 Alp, A., Akyüz, A., and Kucukali, S. (2020). Ecological impact scorecard of small hydropower plants in operation: An integrated approach[J]. Renew. Energy 162, 1605–1617.

 Amaneesh, C., Anna Balan, S., Silpa, P. S., Kim, J. W., Greeshma, K., Aswathi Mohan, A., et al. (2023). Gross negligence: Impacts of microplastics and plastic leachates on phytoplankton community and ecosystem dynamics. Environ. Sci. Technol. 57 (1), 5–24. doi: 10.1021/acs.est.2c05817

 Baattrup-Pedersen, A., Larsen, S. E., Andersen, D. K., Jepsen, N., Nielsen, J., and Rasmussen, J. J. (2018). Headwater streams in the EU Water Framework Directive: Evidence-based decision support to select streams for river basin management plans. Sci. Total Environ. 613-614, 1048–1054. doi: 10.1016/j.scitotenv.2017.09.199

 Baker, K. G., and Geider, R. J. (2021). Phytoplankton mortality in a changing thermal seascape. Global. Change. Biol. 27 (20), 5253–5261. doi: 10.1111/gcb.15772

 Chang, C., Gao, L., Wei, J., Ma, N., He, Q., Pan, B. Z., et al. (2021). Spatial and environmental factors contributing to phytoplankton biogeography and biodiversity in mountain ponds across a large geographic area. Aquat. Ecol. 55 (2), 721–735. doi: 10.1007/s10452-021-09857-2

 Chen, Q. W., Shi, W. Q., Huisman, J., Maberly, S. C., Zhang, J. Y., Yu, J. H., et al. (2020). Hydropower reservoirs on the upper Mekong River modify nutrient bioavailability downstream. Natl. Sci. Rev. 7 (9), 1449–1457. doi: 10.1093/nsr/nwaa026

 Chiellini, C., Guglielminetti, L., Sarrocco, S., and Ciurli, A. (2020). Isolation of four microalgal strains from the Lake Massaciuccoli: Screening of common pollutants tolerance pattern and perspectives for their use in biotechnological applications. Front. Plant Sci. 11. doi: 10.3389/fpls.2020.607651

 Couto, T. B. A., and Olden, J. D. (2018). Global proliferation of small hydropower plants – science and policy. Front. Ecol. Environ. 16 (2), 91–100. doi: 10.1002/fee.1746

 Croghan, D., Khamis, K., Bradley, C., Van Loon, A. F., Sadler, J., and Hannah, D. M. (2021). Combining in-situ fluorometry and distributed rainfall data provides new insights into natural organic matter transport dynamics in an urban river. Sci. Total Environ. 755, 142731. doi: 10.1016/j.scitotenv.2020.142731

 Ding, Z., Li, L. J., Wei, R. Q., Dong, W. Y., Guo, P., Yang, S. Y., et al. (2016). Association of cold temperature and mortality and effect modification in the subtropical plateau monsoon climate of Yuxi, China. Environ. Res. 150, 431–437. doi: 10.1016/j.envres.2016.06.029

 Du, X., Song, D., Wang, H. B., Yang, J. S., Liu, H., and Huo, T. B. (2023). The combined effects of filter-feeding bivalves (Cristaria plicata) and submerged macrophytes (Hydrilla verticillate) on phytoplankton assemblages in nutrient-enriched freshwater mesocosms. Front. Plant Sci. 14. doi: 10.3389/fpls.2023.1069593

 Elliott, J. A. (2010). The seasonal sensitivity of Cyanobacteria and other phytoplankton to changes in flushing rate and water temperature. Global. Change. Biol. 16 (2), 864–876. doi: 10.1111/j.1365-2486.2009.01998.x

 Ferreira, D., Freixo, C., Cabral, J. A., and Santos, M. (2019). Is wind energy increasing the impact of socio-ecological change on Mediterranean mountain ecosystems? Insights from a modelling study relating wind power boost options with a declining species. J. Environ. Manage. 238, 283–295. doi: 10.1016/j.jenvman.2019.02.127

 Garzke, J., Connor, S. J., Sommer, U., and O’Connor, M. I. (2019). Trophic interactions modify the temperature dependence of community biomass and ecosystem function. PloS Biol. 17 (6), e2006806. doi: 10.1371/journal.pbio.2006806

 Gerhard, M., Koussoroplis, A. M., Hillebrand, H., and Striebel, M. (2019). Phytoplankton community responses to temperature fluctuations under different nutrient concentrations and stoichiometry. Ecology 100 (11), e02834. doi: 10.1002/ecy.2834

 Gomez-Velez, J. D., Harvey, J. W., Cardenas, M. B., and Kiel, B. (2015). Denitrification in the Mississippi River network controlled by flow through river bedforms. Nat. Geosci. 8 (12), 941–945. doi: 10.1038/ngeo2567

 Grimaud, G. M., Mairet, F., Sciandra, A., and Bernard, O. (2017). Modeling the temperature effect on the specific growth rate of phytoplankton: a review. Rev. Environ. Sci. Bio. 16 (4), 625–645. doi: 10.1007/s11157-017-9443-0

 Hoegh-Guldberg, O., Jacob, D., Taylor, M., Bolanos, T. G., Bindi, M., Brown, S., et al. (2019). The human imperative of stabilizing global climate change at 1.5 degrees C. Science 365 (6459), 1263. doi: 10.1126/science.aaw6974

 Hu, X. Y., Hu, M., Zhu, Y., Wang, G. Q., Xue, B. L., and Shrestha, S. (2022). Phytoplankton community variation and ecological health assessment for impounded lakes along the eastern route of China's South-to-North Water Diversion Project. J. Environ. Manage. 318, 115561. doi: 10.1016/j.jenvman.2022.115561

 Huisman, J., Codd, G. A., Paerl, H. W., Ibelings, B. W., Verspagen, J. M. H., and Visser, P. M. (2018). Cyanobacterial blooms. Nat. Rev. Microbiol. 16 (8), 471–483. doi: 10.1038/s41579-018-0040-1

 Lai, R., Chen, X., and Zhang, L. (2022). Evaluating the impacts of small cascade hydropower from a perspective of stream health that integrates eco-environmental and hydrological values. J. Environ. Manage. 305, 114366. doi: 10.1016/j.jenvman.2021.114366

 Lamb, M. P., Brun, F., and Fuller, B. M. (2017). Hydrodynamics of steep streams with planar coarse-grained beds: Turbulence, flow resistance, and implications for sediment transport. Water Resour. Res. 53 (3), 2240–2263. doi: 10.1002/2016WR019579

 Li, F. P., Zhang, H. P., Zhu, Y. P., Xiao, Y. H., and Chen, L. (2013). Effect of flow velocity on phytoplankton biomass and composition in a freshwater lake. Sci. Total Environ. 447, 64–71. doi: 10.1016/j.scitotenv.2012.12.066

 Li, X. Y., Yu, H. X., Wang, H. B., and Ma, C. X. (2019). Phytoplankton community structure in relation to environmental factors and ecological assessment of water quality in the upper reaches of the Genhe River in the Greater Hinggan Mountains. Environ. Sci. pollut. R. 26 (17), 17512–17519. doi: 10.1007/s11356-019-05200-3

 Liu, C. Y., Yang, Y. T., Zhou, J. Q., Chen, Y. Z., Zhou, J., Wang, Y. Y., et al. (2021). Migration and transformation of nitrogen in sediment–water system within storm sewers. J. Environ. Manage. 287, 112355. doi: 10.1016/j.jenvman.2021.112355

 Marx, A., Dusek, J., Jankovec, J., Sanda, M., Vogel, T., van Geldern, R., et al. (2017). A review of CO2 and associated carbon dynamics in headwater streams: A global perspective. Rev. Geophys. 55 (2), 560–585. doi: 10.1002/2016RG000547

 McNaughton, S. J. (1967). Relationships among functional properties of Californian grassland. Nature 216 (5111), 168–169. doi: 10.1038/216168b0

 Nalewajko, C., and Murphy, T. P. (2001). Effects of temperature, and availability of nitrogen and phosphorus on the abundance of Anabaena and Microcystis in Lake Biwa, Japan: an experimental approach. Limnology 2 (1), 45–48. doi: 10.1007/s102010170015

 Nalley, J. O., O'Donnell, D. R., and Litchman, E. (2018). Temperature effects on growth rates and fatty acid content in freshwater algae and Cyanobacteria. Algal. Res. 35, 500–507. doi: 10.1016/j.algal.2018.09.018

 Panton, A., Couceiro, F., Fones, G. R., and Purdie, D. A. (2020). The impact of rainfall events, catchment characteristics and estuarine processes on the export of dissolved organic matter from two lowland rivers and their shared estuary. Sci. Total Environ. 735, 139481. doi: 10.1016/j.scitotenv.2020.139481

 Petrin, Z., Jensen, T. C., Lungrin, E., and Eikland, K. A. (2023). Road effects on benthic macroinvertebrate assemblages in boreal headwater streams. Sci. Total Environ. 855, 158957. doi: 10.1016/j.scitotenv.2022.158957

 Qiu, H., Yoon, H. S., and Bhattacharya, D. (2013). Algal endosymbionts as vectors of horizontal gene transfer in photosynthetic eukaryotes. Front. Plant Sci. 4. doi: 10.3389/fpls.2013.00366

 Schulhof, M. A., Shurin, J. B., Declerck, S. A. J., and Van de Waal, D. B. (2019). Phytoplankton growth and stoichiometric responses to warming, nutrient addition and grazing depend on lake productivity and cell size. Global. Change. Biol. 25 (8), 2751–2762. doi: 10.1111/gcb.14660

 Taipale, S. J., Hiltunen, M., Vuorio, K., and Peltomaa, E. (2016). Suitability of phytosterols alongside fatty acids as chemotaxonomic biomarkers for phytoplankton. Front. Plant Sci. 7. doi: 10.3389/fpls.2016.00212

 Tang, H. W., Yuan, S. Y., and Cao, H. (2022). Theory and practice of hydrodynamic reconstruction in plain river networks. Engineering, 1–11. doi: 10.1016/j.eng.2022.01.015

 Villanova, V., Singh, D., Pagliardini, J., Fell, D., Le Monnier, A., Finazzi, G., et al. (2021). Boosting biomass quantity and quality by improved mixotrophic culture of the Diatom Phaeodactylum tricornutum. Front. Plant Sci. 12. doi: 10.3389/fpls.2021.642199

 Wang, H. W., Li, Y., Li, J., An, R. D., Zhang, L. L., and Chen, M. (2018). Influences of hydrodynamic conditions on the biomass of benthic diatoms in a natural stream. Ecol. Indic. 92, 51–60. doi: 10.1016/j.ecolind.2017.05.061

 Wang, H., Zhao, D. D., Chen, L., Giesy, J. P., Zhang, W. Z., Yuan, C. B., et al. (2020). Light, but not nutrients, drives seasonal congruence of taxonomic and functional diversity of phytoplankton in a eutrophic highland Lake in China. Front. Plant Sci. 11. doi: 10.3389/fpls.2020.00179

 Xiong, C. H., Wang, G. L., and Xu, L. T. (2021). Spatial differentiation identification of influencing factors of agricultural carbon productivity at city level in Taihu lake basin, China. Sci. Total Environ. 800, 149610. doi: 10.1016/j.scitotenv.2021.149610

 Xu, D., Bai, H. W., Li, Z. X., Lu, S., Cheng, Z. L., Shen, X. Q., et al. (2021). Acclimation of phytoplankton to diverse environmental variables at the initial operation stage of a free water surface constructed wetland. J. Clean. Prod. 317, 128442. doi: 10.1016/j.jclepro.2021.128442

 Zhang, J. Y., Zhang, M. J., Li, Y. L., Qin, J. X., Wei, K., and Song, L. L. (2020). Analysis of wind characteristics and wind energy potential in complex mountainous region in southwest China. J. Clean. Prod. 274, 123036. doi: 10.1016/j.jclepro.2020.123036




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.


Copyright © 2023 Zeng, Xing, Huang, Cheng, Shi and Liu. 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.


OEBPS/Images/fpls-14-1276289-g004.jpg
HS

"y

A
e

Aw) qus

00

Wetggason
; =]
-

A Dryseason
=
PR HS

06
0.
0.
00





OEBPS/Images/fpls-14-1276289-g001.jpg
e nurE_ 1200 11348 N30 13°52

N e A
I A e
4 . 8
A b = g
By S AT

18°

s

sy

HETa

350





OEBPS/Images/M2.jpg
' = -3 (%) n(5)

@





OEBPS/Images/fpls.2023.1276289_cover.jpg
& frontiers | Frontiers in Plant science

Phytoplankton in headwater streams:
spatiotemporal patterns and underlying
mechanisms





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Phytoplankton in headwater streams: spatiotemporal patterns and underlying mechanisms

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study area

          



          		

            2.2 Field survey

          



          		

            2.3 Sample analyses

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Water temperature, DO, and pH levels

          



          		

            3.2 Water nutrients

          



          		

            3.3 Phytoplankton density and species

          



          		

            3.4 Phytoplankton diversity

          



        



        



        		

          4 Discussion

        

          		

            4.1 Headwater streams exhibit poor nutrient levels and strong hydrodynamics

          



          		

            4.2 Headwater streams display lower spatiotemporal variations in phytoplankton community

          



          		

            4.3 Implications for headwater stream conservation

          



        



        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpls-14-1276289-g002.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpls-14-1276289-g006.jpg
w —EE

2 s ]
W “““““““““

S -

¢ xm?_.w»_;wr==wm :

'

S oo RO

HS

PR

HS

PR

S

PR

HS.

PR





OEBPS/Images/fpls-14-1276289-g005.jpg
Tl Sy (WF o)
L]
1
T o0
3






OEBPS/Images/M3.jpg
3





OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/M1.jpg
[





OEBPS/Images/fpls-14-1276289-g003.jpg
HS

PR

Hs

PR

HS

PR

HS

PR





