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Stocking of filter-feeding fish (mainly Hypophthalmichthys molitrix and Aristichthys nobilis) is a common method used in lakes and reservoirs in (sub)tropical China to control phytoplankton, but the results are ambiguous and lack long-term data to support. We analysed a decade (2010-2020) of monitoring data from a subtropical plateau reservoir, southwest China, to which filter-feeding fish were stocked annually. We found that the total phytoplankton biomass, cyanobacteria biomass and average individual mass of phytoplankton decreased significantly during the study period despite absence of nutrient concentration reduction. However, the grazing pressure of zooplankton on phytoplankton also decreased markedly as judged from changes in the ratio of zooplankton biomass to phytoplankton biomass and Daphnia proportion of total zooplankton biomass. This is likely a response to increasing predation on zooplankton by the stocked fish. Our results also indicated that water temperature, total phosphorus and water level promoted phytoplankton growth. Our results revealed that filter-feeding fish contributed to the decline in the biomass of phytoplankton but that it also had a strong negative effect on the grazing pressure of zooplankton on phytoplankton, even in this deep reservoir where zooplankton may have a better chance of survival through vertical migration. The particular strong effect on zooplankton is most likely due to imbalance of stocking and harvesting of fish. In the management of eutrophic reservoirs, the reduction of external nutrient loading should have highest priority. In highland (low temperature) deep-water eutrophic reservoirs, stocking of filter-feeding fish may help to control filamentous phytoplankton provided that the fish stocking is properly managed. The optimal stocking intensity of filter-feeding fish that can help control phytoplankton in such reservoirs without excessive impact on large-bodied zooplankton is a topic for further elucidation, however.
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1 Introduction

Cyanobacteria blooms caused by eutrophication are threatening the health of freshwater ecosystems (Amorim et al., 2017; Zhang et al., 2019). The ecosystem services, aquatic organisms and human beings who depend on freshwater resources are all affected by this environmental problem (Olokotum et al., 2020). Various in-lake techniques have been developed in eutrophic waters to restore water quality and prevent lake deterioration in addition to external nutrient loading reduction. One of these techniques is biomanipulation, which involves controlling phytoplankton with large-bodied zooplankton, achieved by planktivorous fish removal to reduce predation pressure on zooplankton (Shapiro et al., 1975; Jeppesen et al., 2005). Increasing the grazing pressure on phytoplankton, including cyanobacteria directly by stocking of filter-feeding fish (mainly silver carp Hypophthalmichthys molitrix and bighead carp Aristichthys nobilis) is another technique. Filter-feeding fish influence phytoplankton through trophic cascades, (Attayde and Hansson, 2001; Jeppesen et al., 2012; Lemmens et al., 2018) and have been widely used in (sub)tropical regions in China (Xie and Liu, 2001; Guo et al., 2015; Lin et al., 2020; Lin et al., 2021). However, the effectiveness of phytoplankton control by filter-feeding fish remains controversial.Some studies have suggested that filter-feeding fish is a useful method to suppress phytoplankton and enhance water quality in shallow lakes (Starling, 1993; Guo et al., 2015), while other results demonstrated that filter-feeding fish cannot control phytoplankton instead increase the biomass or density of phytoplankton, b ecause grazing pressure of zooplankton is reduced by indiscriminate filter feeding from fish (Lin et al., 2020; Mao et al., 2020; Lin et al., 2021). Others again have argued that in the cases of large individual phytoplankton as the dominant species, filter-feeding fish are able to suppress these effectively (Domaizon and Devaux, 1999; Guo et al., 2015).

There may also be variations in the outcome of filter-feeding fish stocking with lake depth. In most experiments conducted in shallow lakes and mesocosms in the subtropics, filter-feeding fish were not able to control the phytoplankton despite massive stocking (Mao et al., 2020; Shen et al., 2021). In fact, they may even stimulate the growth of nanoplankton by preying on zooplankton and by sediment disturbance, potentially bringing nutrients to the water (Jeppesen et al., 2012; Zhang et al., 2016a). Compared with shallow lakes, it may be easier for filter-feeding fish to control phytoplankton in highland reservoirs as studies have shown that zooplankton gets lower predation pressure form fish in deep lakes and reservoirs than in shallow lakes (Jeppesen et al., 1997), and cladocerans in deep reservoirs may have more opportunity to avoid predation by vertical migration (Jeppesen et al., 1997; Hart, 2011). There may also be better chances for zooplankton population recovery when fish predation is released (Lin et al., 2014). These zooplankton may contribute to the control of nanoplankton that filter-feeding fish cannot feed on. The low mean annual temperature in deep and highland subtropical lakes may also make phytoplankton control less challenging than in lowland, shallow, subtropical lakes (Jeppesen et al., 2012; Mao et al., 2020), where high temperatures stimulate growth of phytoplankton.

To reveal how the silver carp and bighead carp affect phytoplankton and zooplankton, we conducted a decade-long study (from January 2010 to December 2020) in Yudong Reservoir, a highland eutrophic reservoir. We hypothesised that the continuous filter-feeding fish stockings would alleviate the cyanobacteria blooms and reduce the biomass of phytoplankton in this deep highland (low temperature) subtropical reservoir, although it might also lead to reduction in zooplankton biomass and their grazing on phytoplankton, though this effect would be less than in shallow lakes, as zooplankton may have a better chance of survival through vertical migration (Jeppesen et al., 1997).




2 Materials and methods



2.1 Study area

The Yudong Reservoir, located at the upper stream of Hengjiang River (a tributary of the lower Jinsha River) in Zhaotong City, is one of eight large reservoirs (capacity > 108 m3) in Yunnan Province, China (Figure 1). As a comprehensive water conservancy project, Yudong Reservoir supplies water for 800,000 people and irrigates 250 km2 of farmland. It is a typical deep valley plateau reservoir with an average elevation of almost 2000 m. The maximum and average water depths are 84.4 m and about 30.3 m, respectively. The area of the Yudong Reservoir is 13.6 km2, and its total storage capacity is 3.64×108 m3, with an annual exchange coefficient of 0.8-1.0. In its 709 km2 watershed, mainly consisting of high mountains and small valley plains, agriculture is the major economic activity. The area has distinct dry and rainy seasons. The annual precipitation is 700-800 mm, and precipitation in the rainy season (May to October) is about 90% of the whole year’s rainfall.




Figure 1 | Location of sampling sites in the Yudong Reservoir, Yunnan Province, China, 2010-2020.



The Yudong Reservoir was fully filled in 2000, followed by fish stocking and fishery activities. At first, the purpose of stocking was to enhance the local economic income. However, the water quality deteriorated, affected by the ecological deterioration and rural non-point source pollution in the watershed. Since 2008, cyanobacteria blooms have often occurred, causing serious threats to the safety of the drinking water supply. Therefore, the management strategy was adjusted to control phytoplankton by stocking filter-feeding fish. The quantities of stocking were determined by the local management department based on the year’s phytoplankton density and water transparency. And these stocking were completed in the late spring of each year, normally in April, before the rainy season. The average weight of the stocked silver carp was 6.2 ± 0.8g, average total length was 3.0 ± 0.5cm and the average weight of the bighead carp was 48.5 ± 5.8g, average total length was 15 ± 2.5cm. The fishing of silver carp and bighead carp was mainly carried out by net trawling, supplemented by gillnet fishing. Individuals with a body weight < 5kg were released back.




2.2 Sampling and processing



2.2.1 Water parameters and fish

The data about Yudong Reservoir water quality were obtained from the Zhaotong Yudong Reservoir Administration. Water samples were collected at 5 fixed long-term monitoring sites monthly (Figure 1) from January 2010 to December 2020 by the department’s professional monitoring team following the Environmental Quality Standards for Surface Water (China, 2002a) and the standard of the Guidance on Sampling Techniques (China, 2009). Chemistry analyses were completed according to the Standard Methods for the Examination of Water and Wastewater (China, 2002b). The water quality parameters included 10 variables, including pH, water temperature (WT, °C), conductivity (Cond, μs/cm), total phosphorus (TP, mg/L), total nitrogen (TN, mg/L), ammonia (NH4-N, mg/L), nitrate (NO3-N, mg/L), water transparency (SD, m), water level (WL, m) and chlorophyll a (Chl-a, μg/L). The monthly sampling dates were selected based on weather conditions to ensure that the water samples were not affected by rainfall, strong winds and runoff. The analytical quality control was carried out in accordance with APHA (2005), with reference to previous studies (Table S1; Wu et al., 2018; Qu et al., 2020).

Filter-feeding fish data on Yudong Reservoir from 2010 to 2020 were provided by the Zhaotong Yudong Reservoir Administration. The annual stocking and harvesting weights, as well as CPUE of filter-feeding fish, were recorded in detail.




2.2.2 Plankton community

We collected 1 L depth-integrated water from each site once a month. After treated with 10 mL Lugol’s iodine solution and sedimentation more than 48 h, the residue was collected and examined under ×100 to ×400 magnification to enumerate phytoplankton. The phytoplankton species were identified following the taxonomic classification of Hu (2006). The biomass of common phytoplankton taxa was calculated based on cell size measurements using formulae from Zhang and Huang (1991). The approximation dry weight of phytoplankton was obtained from corresponding biological volume multiplied by 0.29 (Reynolds, 1984).

We also collected zooplankton samples every month in some years (2011, 2013, 2015, 2018, 2019 and 2020). At each sampling, we filtered 10 L depth-integrated water with 64 mm net and preserved the samples in 4% formaldehyde. Crustacean zooplankton (cladocerans, copepodites and adult copepods) were counted at microscope with an ocular micrometer. Species represented by more than 100 individuals were identified according to Chiang and Du (1979). Crustacean zooplankton biomass (wet weight) was calculated by formulas from Dumont et al. (1975) and Huang (1999) based on length measurements of 30 individuals of each taxon. Rotifers were counted at ×100 magnification, and the biomass was calculated according to the standard weights obtained from several lakes in the Yangtze River (He et al., 2018).





2.3 Statistical analyses



2.3.1 Generalized additive model

We used generalized additive models (GAMs) on monthly data to uncover the temporal trend in variables using the “gam” function and cubic regression spline from the R-package “mgcv” (Wood, 2020). All parameters besides pH and water level were log-transformed [log10(X+1)] to reduce distributional skewness. Spearman rank correlation coefficient (ρ) with year was calculated, when the temporal change of parameter was not linear.




2.3.2 Piecewise structural equation model

Piecewise structural equation modelling (pSEM) was used to elucidate the influences of filter-feeding fish and environmental variables on the phytoplankton and zooplankton communities through different pathways. Different from SEM, piecewise SEM has a more flexible mathematical framework and a wider range of use (less restrictions on the original dataset). We assumed that filter-feeding fish could not only directly reduce phytoplankton biomass through grazing effects but also indirectly by changing the predation pressure of zooplankton. Environmental variables can also directly affect the phytoplankton biomass through bottom-up effects. All response variables were transformed to achieve normal distributions, as for the GAMs. During the model building process, factors that affect the degree of fit were removed. The model fit was assessed by Fisher’s C statistics (Shipley, 2013).




2.3.3 Top-down control

We calculated several indicators to assess the trophic cascade effects of filter-feeding fish stocking via predation on zooplankton. The proportion of large-bodied cladocerans (species sensitive to fish grazing) within the total zooplankton biomass, zooplankton and cladoceran body mass were used to indicate the predation pressure on the zooplankton community (Jackson et al., 2007; Jeppesen et al., 2011). In addition, the ratio of zooplankton biomass to phytoplankton biomass was calculated to reflect the grazing pressure of zooplankton on phytoplankton (Jeppesen et al., 2003; Jeppesen et al., 2011). The average individual mass of phytoplankton was calculated using total phytoplankton biomass divided by total phytoplankton abundance (Yvon-Durocher et al., 2011; Zhang et al., 2016b).





2.4 Data analysis strategy

We first used GAMs to analyse the trend of environmental variables, zooplankton, phytoplankton and top-down strength (zooplankton biomass to phytoplankton, Zoop : Phty) over time. Second, Spearman correlation analyses and redundancy analysis (RDA) were conducted to analysis the relationships between filter-feeding fish stocking, environmental variables and phytoplankton and zooplankton taxonomic groups. Hierarchical partitioning (HP) was conducted to estimate the contributions of environmental factors to the variance in the phytoplankton biomass and several indicators of top-down control (Walsh and Mac Nally, 2013). Finally, piecewise SEM analyses were performed to show the influence of filter-feeding fish on the phytoplankton community in deep reservoirs represented by the Yudong Reservoir. We used the Friedman test to check the condition of phytoplankton average individual biomass and cyanobacteria biomass. All graphs and statistical analysis were performed by the RStudio software. The results were considered to be significant when p < 0.05 or p < 0.01. As zooplankton data were partially missing, the only data from the years for which zooplankton data were available were used in the Spearman correlation analysis, the redundancy analysis, the hierarchical partitioning and the construction of the piecewise structural model.





3 Results



3.1 Dynamics of the environmental variables and fish

From 2010 to 2020, the average TP in Yudong Reservoir was 0.13 mg/L and remained high (Figure 2; Table S2). TN, NH4-N and NO3-N showed a significant upward trend (ρ = 0.27, ρ = 0.13 and ρ = 0.25, respectively). The mean concentration of TN was 1.14 mg/L. Chl-a decreased significantly (ρ = -0.68) but remained high, with an annual average value of 34 μg/L in 2020. Cond and SD increased (ρ = 0.41 and ρ = 0.13), while WT, pH and WL did not change significantly during the study period (Figures 2; S1). The contribution of each variable to principal components is displayed in Figure S2.




Figure 2 | Time series of monthly total nitrogen (A), total phosphorus (B), water transparency (C) and chlorophyll-a (D) in Yudong reservoir. The solid line represents the regression line fitted with monthly data using generalized additive models (GAMs). The 95% confidence intervals from the GAM model are shaded.



Fishing was organised annually with the primary aim of nutrient removal. However, the annual average catches of fish were far lower than the amount stocked (Figure 3).




Figure 3 | Time series of fish stocking, fish harvesting and CPUE obtained from the Zhaotong Yudong Reservoir Administration (2010–2020).






3.2 Dynamics of the plankton community

The biomass of phytoplankton decreased significantly (ρ = -0.206), from 14.6 mg/L in 2010 to 3.6 mg/L in 2020 (24% of that in 2010) (Figure 4A). Meanwhile, the cyanobacteria biomass decreased significantly (Friedman test, p<0.01). the average individual biomass of phytoplankton decreased, from 5.3×10-6 μg/ind to 0.3×10-6 μg/ind (Friedman test, p<0.01) (Figure S3). The zooplankton biomass (ρ = -0.938) decreased significantly to an average of 0.04 mg/L in 2020, which was 1% of the level in 2011 (Figure 4B). Coinciding with this, the ratio of zooplankton biomass: phytoplankton biomass decreased markedly from 1.79 to 0.01 (ρ = -0.865, Figure 4C). Daphnia% in terms of biomass, zooplankton body mass and cladoceran body mass showed similar decreasing trends (ρ = -0.589, ρ = -0.178 and ρ = -0.329, Figure 4).




Figure 4 | Time-series of phytoplankton biomass (A), zooplankton biomass (B), the ratio of zooplankton biomass to phytoplankton biomass ratio (Zoop: Phyt, (C), Daphnia biomass percentage (Daphnia %, (D), zooplankton body mass (E) and cladoceran body mass (F) in Yudong Reservoir.






3.3 Environmental factors driving plankton resource

The effects of environmental variables on phytoplankton biomass were evaluated by redundancy analysis. The first and second ordinal axes of RDA explained a total of 98.8%. The results indicated that the biomass and average individual biomass of phytoplankton were mainly affected by fish, TN, TP and WT (Figure 5A).




Figure 5 | Redundancy analysis (A) and Spearman correlation analysis (B) of phytoplankton between several environmental indicators and top-down effect indicators. FS, fish stocking; BC, bighead carp CPUE; SC, silver carp CPUE; PB, phytoplankton biomass; AB, average individual mass of phytoplankton; PB, phytoplankton biomass; CB, cyanobacteria biomass; TP, total phosphorus; TN, total nitrogen; WT, water temperature; WL, water level; SD, water transparency; ZP, zooplankton biomass, phytoplankton biomass; ZB, zooplankton biomass.



Both silver carp CPUE and bighead carp CPUE and thus total fish stocking had significant negative correlations with the cyanobacteria biomass and the average individual biomass of phytoplankton. TP and WT promoted the phytoplankton biomass, including cyanobacteria, and the water level increasing also can promote the phytoplankton biomass. However, there was a negative correlation between TN and phytoplankton, including cyanobacteria (Figure 5B).

For all three response variables (phytoplankton biomass, cyanobacteria biomass and average individual mass of phytoplankton), hierarchical partitioning revealed WT (2.5 to 36.4%) and silver carp CPUE (2.4% to 37.2%) to be the most important influencing variables (Figure 6A), showing the largest independent effects on variance. For the zooplankton variables, phytoplankton biomass (16.3 to 19.7%), cyanobacteria biomass (12.9 to 19.3%) and silver carp CPUE (14.2 to 17.1) were the most important influencing variables (Figure 6B). The results of RDA and HP revealed that phytoplankton and cyanobacteria in the reservoir were mainly affected by silver carp CPUE and WT. Phytoplankton and cyanobacteria were affected more by silver carp than zooplankton, and zooplankton was affected by both top-down and bottom-up factors.




Figure 6 | Comparison of predictors explaining variance of zooplankton (A) and phytoplankton (B) in Yudong Reservoir with % independent contribution by hierarchical partitioning. (% I). FS, fish stocking; BC, bighead carp CPUE; SC, silver carp CPUE; PB, phytoplankton biomass; CB, cyanobacteria biomass; TP, total phosphorus; TN, total nitrogen; WT, water temperature; WL, water level; ZP, zooplankton biomass, phytoplankton biomass; ZB, zooplankton biomass.



The results of the piecewise SEM overall concur with the other analyses. The filter-feeding effects on zooplankton and phytoplankton were significant, indicating that filter-feeding fish contributed importantly to the reduction of zooplankton and phytoplankton biomass. The grazing pressure of zooplankton was weak, and the negative correlation between zooplankton and phytoplankton was not obvious. By contrast, TP and WT promoted the growth of phytoplankton, while bighead carp CPUE and total fish stocking also had negative correlations with cyanobacteria biomass and the average individual biomass of phytoplankton. Higher phytoplankton biomass may decrease water transparency. TN also had a negative relationship with phytoplankton (Figure 7).




Figure 7 | Piecewise structural equation model (pSEM) of the direct and indirect effects of bighead carp and silver carp stocking on phytoplankton in Yudong Reservoir. Fisher’s C = 48.739; df = 18; P = 0.185; AIC = 50.53. Orange, blue and dashed arrows represent negative, positive and non-significant paths, respectively. The thickness of paths represents the magnitude of the standardised regression coefficient or effect sizes given on the arrows.







4 Discussion

Using Yudong Reservoir as a case study, we discussed the effects of environment parameters and filter-feeding fish as well as the contribution difference of trophic cascades on phytoplankton in deep highland reservoirs. Coinciding with the continuous introduction of filter-feeding fish into Yudong Reservoir, we found that the phytoplankton biomass and average individual mass of phytoplankton decreased significantly despite no reduction in nutrient level. Moreover, the biomass of zooplankton, including cladocerans, has declined significantly in recent years. The body size of zooplankton and cladocerans decreased as well, indicating strong top-down control on zooplankton by the fish.



4.1 Effects of environmental factors on phytoplankton

Even though the Yudong Reservoir is located in a subtropical climate, its high-altitude level and its large depth leads to a lower average WT than typically found in lowland subtropical lakes (e, g., Lake Qiandao and Lake Taihu) (Mao et al., 2020; Su et al., 2021), and this may dampen the growth of cyanobacteria (Li et al., 2020; Nwankwegu et al., 2020). Supporting this view, our correlation analysis indicated that, under the current eutrophic conditions (high TN and TP), increased WT promoted phytoplankton growth (Figure 6).

The RDA results illustrated that the phytoplankton biomass was negatively correlated with TN (Figure 5). pSEM also indicated that high TN concentrations do not promote phytoplankton biomass (Figure 7). This phenomenon has also been found in other eutrophication lakes and considered due to N subsidy-stress effects (Mao et al., 2020). Filstrup et al. (2018) suggested when TN concentration is more than 2 mg/L, it might negatively influence phytoplankton (Chla) concentrations. Mao et al. (2020) demonstrated the same trend in Lake Taihu where the mean TN value was 3.4 mg/L. However, whether high TN is of importance for the decrease in phytoplankton biomass in our study or not is an open question as it coincides with the increase in the net stocking (stocking minus harvesting) of bigheaded carp (Figure 3). We also found that water level fluctuation can affect the phytoplankton biomass (Figure 5B). Rising water levels due to excessive precipitation may result in higher input of nutrients from the catchment to the reservoir, promoting phytoplankton growth. The precipitation season of Yudong reservoir is concentrated, mainly from May to October. High nutrient concentrations made Yudong Reservoir unable to meet the standards of an ideal water source indicating the original management strategy is not sufficient (Table S2; China, 2002a). To reduce pollution from catchments, local legislation like rational use of phosphorus fertilizer and establish more sewage treatment plants have been introduced to strengthen watershed management. Restricted areas have also been established to reduce nutrient runoff generated by dispersed waste disposal and to prevent soil erosion (Wu et al., 2012; Lian et al., 2018). However, the complex residential and farming conditions in the catchment of the reservoir make it challenging to obtain high water quality, and until target loadings are reached, other methods must be applied of which stocking of filter feeding fish is one possibility (Lin et al., 2014; Han et al., 2020; Xiang et al., 2021).




4.2 Effects of filter-feeding fish and zooplankton on phytoplankton

Our results from Yudong Reservoir indicate that filter-feeding fish, especially silver carp, contributed to the reduction of phytoplankton, especially the larger specimens (Figures 5, 7). Thus, an increase in CPUE of silver carp significantly reduces the biomass of phytoplankton and cyanobacteria (Figure 5), and the average individual size of the phytoplankton declined despite no reduction in nutrient concentrations (Figure S3). The results are consistent with previous research showing that silver carp can feed on large-bodied phytoplankton and decrease the average body size of phytoplankton. However, nanoplankton cannot be effectively controlled, especially if zooplankton grazing is also reduced (Zhao et al., 2013; Shen et al., 2021). Since the filtering efficiency of silver carp depends on the interval of gill rakers and on the size of phytoplankton, silver carp cannot filter phytoplankton whose size is less than 10 μm (Vörös et al., 1997; Radke and Kahl, 2002). The higher density of gill rakers makes silver carp more efficient to filter phytoplankton than bighead carp, silver carp might feed more phytoplankton even in the same scenario (Xie and Liu, 2001). Accordingly, we found that the effect of bighead carp on phytoplankton in Yudong Reservoir was weaker than that of silver carp at similar CPUEs (Figures 5B, 7).

In addition to fish, zooplankton can effectively control phytoplankton provided that they are not too heavily predated upon by fish as evidenced in numerous biomanipulation experiments involving fish removal in temperate lakes (Shapiro et al., 1975; Søndergaard et al., 2007). Filter-feeding fish, however, decreased biomass of large-bodied zooplankton (Shen et al., 2021; Mao et al., 2023) as seen in Yudong Reservoir after years of filter fish stocking (Figure 4). Thus, we found a substantial decrease in large-bodied zooplankton, a smaller cladoceran body weight and a decreased ratio of zooplankton biomass to phytoplankton biomass, all indicated a higher grazing pressure on zooplankton and weaker pressure on phytoplankton in the reservoir (Figure 4; Jeppesen et al., 2011). Such results are not unexpected given the imbalance between stocking and harvesting of filter-feeding fish in Yudong Reservoir (Figure 3), especially at the end of the research phase, where the changes in the zooplankton metrics were largest (Figure 4). A lower stocking of carp or a larger harvest would, therefore, be required to better exert zooplankton control over phytoplankton (Lin et al., 2021; Mao et al., 2023). The top-down effect of phytoplankton in the Yudong Reservoir mainly came from filter-feeding fish, and the effect from zooplankton was weak.





5 Conclusions

Our results revealed that stocking of filter feeding fish (mainly silver carp and bighead carp) most likely were the key drivers of the observed reduction of the biomass of phytoplankton and cyanobacteria and the decrease in phytoplankton average size in Yudong Reservoir. Stocking also led to a major reduction of large-bodied zooplankton, which, if abundant, are the most efficient grazers on phytoplankton. Imbalance in stocking and harvesting over the years likely contributed to the loss of effective grazers. Furthermore, the fish stocking did not solve the eutrophication problem as chlorophyll-a and phytoplankton biomass remained high. In the management of the Yudong and other eutrophic reservoirs, a reduction of external nutrient loading should, therefore, be given top priority. Our results indicate that in highland (low temperature) deep-water eutrophic reservoirs, unlike observations from lowland shallow lakes, stocking of filter-feeding fish may contribute to the control of filamentous phytoplankton provided that the fish stocking is properly managed. The optimal stocking intensity of filter-feeding fish that can help control phytoplankton without excessive impact on large-bodied zooplankton in highland reservoirs is a topic for further investigation, however.
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