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Abstract

:

Phytoplankton communities are excellent indicators of the environmental status of shallow lakes since changes in diversity alert us to potential deterioration. To assess the environmental condition of a shallow lake with strong anthropogenic pressure from forest monocultures, alpha and beta diversities were determined. Three monitoring stations were established in the shallow Kusrüpuyewe Lake, southern Chile, which were monitored during the 2021 austral summer and winter. Alpha diversity was high indicating a stable environmental condition. In total, 103 species in summer, 96 species in winter and a high species diversity (Shannon index: H′ > 5 bits/ind) were recorded. Beta diversity indicated that this ecosystem is seasonally heterogeneous, is potentially productive and has a high species turnover. Based on the large species inventory, we conclude that this shallow lake is stable and diverse. Although it is threatened by the presence of forest monocultures, it maintains a stable environmental condition, mainly due to the ability of the phytoplankton present to self-regulate through the species turnover. This study provides the relevant background information to establish conservation measures around the shallow lake, an ecosystem that provides various ecosystem services for the local indigenous communities.
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1. Introduction


A phytoplankton community constitutes a polyphyletic and highly diverse group of organisms [1] that contribute to the structure and functioning of aquatic ecosystems as one of the essential components at the base of the trophic chain [2]. They have the ability to respond quickly to changes in nutrient concentration and other environmental factors, such as alkalinity and temperature, forcing taxonomic changes of phytoplankton communities along the trophic gradient. Therefore, they are regarded as excellent indicators of the trophic state and ecological functioning [3,4], providing unique information on the environmental condition [5].



It is important to select the right tools to assess the environmental and ecological status in aquatic ecosystems, given the existence of various measures, which may present different degrees of sensitivity to environmental changes. Among metrics, diversity is a community attribute that reflects different aspects of a community, which are determined by different ecological processes [6]. The maintenance of biodiversity is essential to ensure the sustainability of natural resources. High levels of biodiversity allow for the functioning of ecosystems, a high resilience to external disturbances, both natural and anthropogenic, and an optimal adaptation in environmental change scenarios [7].



Alpha and beta diversity are ecological estimators that can be obtained from the density and richness of species [4,8,9], and the environmental state of the ecosystem can be evaluated with these tools [10]. While alpha diversity indicates the heterogeneity or stability of the ecosystem, beta diversity indicates productivity and variation in species richness using the presence/absence data [9,10,11]. Baselga et al. [12,13,14] proposed including density and richness in the calculation of beta diversity, using the Sørensen dissimilarity index to determine the balance of the ecosystem and the Simpson dissimilarity index to determine the percentage of species turnover. Environmental and climatic conditions drive changes in species turnover. Therefore, an ecosystem exposed to greater anthropogenic impacts would probably induce the homogenization of phytoplankton communities [9].



To understand the stability and properties of an ecosystem, it is necessary to determine the temporal variability of alpha and beta diversities [15,16,17,18], which is very useful to establish effective conservation strategies. These environmental indicators have been applied to phytoplankton communities mainly in shallow coastal lagoons, coastal wetlands and lakes with alluvial plains [19,20,21]; however, they have not been applied in shallow lakes with a strong anthropogenic pressure. At a global level, shallow lakes are highly threatened by anthropogenic disturbances that increase the drift of sediments [22], which are deposited in these shallow water bodies, in some cases clogging them, and have also been affected by the reduction in precipitation associated with global climate change [23].



Shallow lakes are ecosystems well-known for their diverse flora and fauna, which provide important ecosystem services and are therefore of high conservation interest [24,25]. These valuable ecosystems often exhibit large fluctuations in their hydrological regimes and other abiotic characteristics [26], providing microhabitats of ecological interest, and have an important role in the nitrogen and phosphorus cycles [25,27,28]. These ecosystems are currently highly threatened by global warming and anthropogenic pressures [25,29,30,31], especially due to land use change, which affects the sustainability of these relevant natural water reservoirs [10,16,20].



Considering the above, this study attempts to evaluate the environmental status of the Kusrüpuyewe Lake by determining the alpha and beta diversities of the phytoplankton communities and to formulate conservation strategies. We hypothesize that (1) the alpha and beta diversity of phytoplankton species present in the shallow lake indicate stable environmental health during summer and winter; (2) there will be a high turnover of phytoplankton species between seasons, which would indicate that the shallow lake is stable.




2. Materials and Methods


2.1. Study Area


Kusrüpuyewe shallow lake (40°20′ S; 73°26′ W) is located in southern Chile (Figure 1A), in the coastal mountain range at approx. 50 m above sea level. Maximum depth is 9.5 m. It has a surface area of 145.62 ha. The volume is lowest in summer and highest in winter. Its main tributary is the Pucopio River (Figure 1B). It belongs to the sub-basin of the Pucopio River and is inserted within the native evergreen forest, dominated by Temu-Pitra. The ecological status of the area is threatened by the presence of exotic forest monocultures (e.g., pine and eucalyptus) surrounding this shallow lake and small-scale land use for agriculture and livestock farming (Figure 1B). This shallow lake provides habitat and shelter for mammals and waterfowl [22]. The area has a temperate-rainy climate, with a precipitation of 2500 mm year−1. The prevailing winds from the north and northwest bring abundant precipitation in winter, about 75% accumulates between April and November. Indigenous communities live around this shallow lake, which benefit from the various ecosystem services such as provision of water for irrigation, recreation, fishing and ceremonial events [22].




2.2. Sampling, Phytoplankton Analysis and Physicochemical Parameters


Three monitoring stations, about 1 km apart from each other, were established in the shallow lake during the summer and winter 2021, aiming for a broad spatial coverage of the entire lake: LK1 = located near the mouth of the Pucopio River, with the presence of native forest; LK2 = center of the lake without direct influence of the river, less presence of native forest and abundant presence of monocultures on the shores of the lake; LK3 = close to the river outlet, scarce presence of native forest and a strong influence of monocultures on the shores of the lake (Figure 1B).



Six water samples were obtained from the top (0–1 m) and bottom zone (one meter above the bottom) of each station (Figure 1B, Table 1) with a 3 L Van Dorn hydrographic bottle, for a total of 12 samples to ensure representative sample [32,33]. Moreover, 1 L Sub-samples were fixed with non-acid Lugol. The quantification and identification of the phytoplankton species was carried out using the Utermöhl method [34], using a 25 mL sedimentation chamber and with direct observation in a LEITZ Diavert inverted microscope. Density was expressed in cells L−1. Taxonomic identification was carried out to the genus/species level using the specialized literature [35,36]. To characterize the environmental condition at each sampling station, a vertical profile using a Garmin GPSMAP echo sounder and EXO-1 autonomous probe was recorded. We measured depth, temperature, pH (accuracy ±0.2 pH units for entire temp range), DO (mg/L: 0 to 20 mg/L: ±0.1 mg/L or 1% of reading and% sat: 0 to 200%: ±1% of reading or 1% saturation) and conductivity (0 to 100: ±0.5% of reading or 0.001 µS/cm). Chlorophyll “a” (three replicates) was determined following Nusch’s methods using hot ethanol extraction [37], and total suspended solids were determined by gravimetric methods [38].




2.3. Alpha and Beta Diversities Metrics


To determine spatial and temporal environmental health in Kusrüpuyewe Lake, alpha and beta diversities were used in this study. Alpha diversity was obtained using the Chao-1 species richness estimators and Shannon index; we consider a Shannon index of H′ > 2.6 bits/ind high for phytoplankton assemblages [39]. Alpha diversity indicated spatial and temporal ecosystem stability [40]. The beta diversity proposed by Baselga [13] was calculated from the density matrix of phytoplankton species, obtaining the Sørensen dissimilarity index (βSØR) to estimate ecological stability and the Simpson dissimilarity index (βSIM) to calculate the percentage of species turnover within Kusrüpuyewe Lake spatially among sampling sites and temporally between summer and winter. With this, we can quantify the degree of similarity among sites and seasons. In addition, Pielou’s evenness, to assess diversity/density equality, and Hill’s effective number of species indicate that the number of species having the same abundance were determined. All these analyses were carried out with the free PAST software v4.03.




2.4. Statistical Analyses


To estimate whether the sampling effort was appropriate to analyze species richness, the rarefaction curves were calculated for each monitoring station. To quantify differences between summer and winter phytoplankton abundance, the Bray–Curtis dissimilarity index of the biological matrix was calculated and used for the analyses of similarity (ANOSIM; p = 0.05) and a similarity percentage (SIMPER) to estimate phytoplankton turnover. We can understand turnover as the replacement of species along a spatial or temporal gradient [41]. In lakes, turnover in phytoplankton communities is related to the annual seasonal succession, e.g., the community in summer can be very different from that in winter. Species can appear, disappear or be replaced by other species [42].



To evaluate if physicochemical parameters influenced the patterns of alpha and beta diversity and density, a BIO-ENV was conducted. All analyses were performed with PRIMER v6.





3. Results


3.1. Physicochemical Parameters in Kusrüpuyewe Lake


The maximum depth recorded for each sampling station was in LK1 = 3 m, LK2 = 4 m and LK3 = 5 m at the austral summer, and during winter water depth increased (LK1 = 5 m, LK2 = 7 m and LK3 = 6 m). As shown in Table 1 and Figure S1, a temperature variation in the water column during summer and winter 2021 can be observed. Likewise, Table 1 indicates the average and variation ranges recorded for each sampling station in both climatic seasons. During summer, dissolved oxygen in the shallow lake was recorded as fluctuating between 64.6 and 103.3% saturation, and concentration fluctuated between 7.8 and 9.1 mg L−1. pH variation was 5.9–7.2. Temperature ranged from 18.6 to 23.5 °C. Conductivity ranged from 11.5 to 51.6 µS cm−1. Chlorophyll “a” variation was 1.4–4.9 µg L−1, and total suspended solids ranged from 1.6 to 5.8 mg L−1. On the other hand, in winter dissolved oxygen was recorded to fluctuate between 61.2 and 101.1% saturation with a concentration of 7.0–11.5 mg L−1. pH fluctuated between 6.0 and 7.9. Temperature ranged from 8.0 to 10.9 °C. Conductivity ranged from 10.1 to 37.6 µS cm−1. Chlorophyll “a” variation was 0.3–3.2 µg L−1, and the total suspended solids ranged from 1.3 to 3.9 mg/L−1.




3.2. Spatial Environmental Stability and Phytoplankton Assemblage in Kusrüpuyewe Lake


Of the 103 species recorded during summer, 50 belonged to the Phylum Bacillariophyta, 27 to Chlorophyta, 8 to Cyanobacteria, 7 to Ochrophyta, 4 to Charophyta, 2 to Cryptophyta, 2 to Euglenophyta and 3 to the Class Dinophyceae (Table 2 and Figure 2 and Figure 3). Alpha diversity obtained from the Chao-1 richness index was higher at station LK3 bottom (67 species). Shannon index was high (H′ > 4.5) at all stations, with the highest recorded at the station LK3 bottom (H′ = 6.0). Pielou’s evenness was J′ > 0.9 at all stations sampled. The effective number of Hill species (N1) varied between 22 and 66 species (Table 3).



During winter, 96 species were recorded; 36 were Bacillariophyta, 24 Chlorophyta, 16 Cyanobacteria, 9 Ochrophyta, 5 Dinophyceae, 3 Euglenophyta, 2 Charophyta and 1 Cryptophyta (Table 2 and Figure 3 and Figure 4). The alpha diversity was higher in the LK3 top (Chao-1 = 54 species), and the Shannon index was high at all the stations (H′ > 5). Pielou’s evenness was J′ > 0.9 at all stations. The effective number of Hill species (N1) varied between 36 and 46 (Table 3).



The major density was registered during the summer in LK3 bottom (584,520 cells L−1), and the winter major density was in LK1 top (101,800 cells L−1). The rarefaction curve indicated that the sampling effort was appropriate for both seasons and all stations, reaching the saturation at 24 species and >400 cells L−1 in the summer and 42 species and >500 cells L−1 in winter (Figure 5).




3.3. Spatial Environmental Heterogeneity and Species Turnover in Kusrüpuyewe Lake


We found slight differences in the beta diversity between the stations. In summer, the beta diversity, determined by the Sørensen dissimilarity index, was higher at station LK3, with an ecological stability of βSØR = 67.2%, while the Simpson dissimilarity index was higher in the LK1 station with a turnover percentage of βSIM = 87.5% (Table 3). Beta diversity in winter indicated that ecological stability (βSØR = 71.3%) and species turnover (βSIM = 70.7%) were higher at station LK3 (Table 3).




3.4. Temporal Variability of the Phytoplankton Assemblage


A total of 144 species of phytoplankton were recorded in the two seasons; taxa from the Phylum Bacillariophyta were the predominant group (63 species). Alpha diversity varied only slightly between seasons: species richness was 103 phytoplankton in summer and 96 in winter, and the Shannon index was H′ = 5.8 in summer and 5.7 in winter (Table 1). Furthermore, the Sørensen dissimilarity index indicated that the ecological stability of the Kusrüpuyewe Lake was similar in summer (βSØR = 62.9%) and winter (βSØR = 60.6%); the Simpson dissimilarity index indicated that species turnover was greater in summer (βSIM = 74.4%) than in winter (βSIM = 67.6%) (Table 3). The ANOSIM analysis showed significant differences in phytoplankton composition between seasons (p = 0.02). According to the SIMPER analysis, 40 species recorded in winter were not observed during the summer, while 49 species recorded in the summer were not observed during the winter, indicating a substantial turnover of species. We found no correlation between physicochemical parameters with abundance, alpha diversity and beta diversity (Table 2).





4. Discussion


4.1. Environmental Conditions and Heterogeneity


Kusrüpuyewe Lake is considered a wetland due to its low depth [43]. Maximum depth recorded in this study was four meters in summer and six meters in winter. Alpha and beta diversity indicated that Kusrüpuyewe shallow lake is stable and heterogeneous in both seasons (summer and winter). The high richness (144 species), diversity (H′ > 4) and evenness (J′ > 0.9) on phytoplankton species recorded indicate that we are in the presence of a pristine ecosystem. Pristine ecosystems are highly diverse and heterogeneous aquatic ecosystems [44], unlike homogeneous ecosystems with low diversity that present a poor environmental condition mainly due to anthropogenic factors such as modification of the hydrological regime, disconnection with contributing river, chemical contamination, fragmentation of the landscape and land use change [44,45]. Although less frequent, natural disturbances also affect the environmental quality of aquatic ecosystems, decimating biodiversity and deteriorating their chemical quality [7,46]. In India, shallow lakes with strong anthropogenic pressure recorded only 47 phytoplankton species [47], far below the 144 species recorded in our study.



Species turnover was high, especially in station LK1 (βSIM = 87.5%), located at the mouth of the main contributing, oligotrophic river. The connection to a major contributing source supports a stable environmental condition of the lake [22]. Studies have shown that contributing rivers positively influence the heterogeneity of an ecosystem, since they constantly export species and nutrients, increasing richness and favoring species turnover of the receiving water body [10,21]. However, during the winter, phytoplankton species turnover decreases, even though the contribution of the river is higher (rainfall regime); the slight decrease in turnover during the winter can be addressed to the phytoplankton ecology [44]. The high number of species is advantageous for the ecosystem since it increases the resilience and resistance of ecosystems to different disturbances [48,49]. This information is very useful for identifying areas with high conservation potential [50].




4.2. Temporal Variability and Species Turnover of Phytoplankton Communities


A temporal study of the alpha diversity in this shallow lake indicated high richness, diversity and evenness of phytoplankton communities (Chao-1 = 103 species; H′ = 5.8 and J = 0.9 respectively, Table 2), especially in summer when the light condition was optimal [51]. Studies involving temporal scales provide a better assessment of the heterogeneity and environmental health of the species diversity [52]. In both seasons, the dominant group was diatoms; the constant dominance of a taxonomic group is due to the constant contribution of a river, favoring the development of the species of that group [21]. In general, diatoms are the most diverse group with the greatest contribution in freshwater ecosystems. They are considered the most important group in phytoplankton communities, with a high plasticity giving them the ability to acclimatize to environmental fluctuations [53,54]. However, in ecosystems with a strong anthropic pressure, diatoms constituted the second dominant group while Cyanobacteria rise as the dominant group [47]. The fact that we recorded diatoms as the dominant group indicates the stable environmental status of this shallow lake. In ecosystems with deteriorated health, high diversities and a richness in Cyanobacteria and Euglenophyta are recorded. There is a direct relationship between the increase in density and the richness of cyanobacteria with land use changes [55]. In our study, we recorded a low richness and density of Cyanobacteria, attributable to the physicochemical and hydrological characteristics of Kusrüpuyewe Lake as it is an ecosystem that does not present a marked thermal stratification (Figure S1). Recent reports indicate that this ecosystem is mesotrophic in phosphorus and oligotrophic in nitrogen [56].



The minor dissimilarity in beta diversity observed in the monitoring stations during winter indicated differences in the phytoplankton assemblage between seasons (Table 3). These results are in line with a study carried out in Brazilian reservoirs with distinct dry and wet seasons [57] which is mainly due to changes in the ecosystem’s hydrological regimes [4,58]. Hydrological changes are relevant in the phytoplankton structuring in shallow ecosystems [21], since hydrological pulses cause important variations in the water level, influencing the dynamics of the system [59]. Rainfall increases between April and July (austral winter), increasing flows in the Pucopio River sub-basin, deepening this shallow lake [60]. As flow rates increase, erosion and, hence, turbidity increase, decreasing transparency and, thus, photosynthetic activity [61,62].



The dissimilarity of species in the Kusrüpuyewe Lake did not exceed βSØR 72% during the summer season, while the French lakes had a βSØR of 88.8% and Swedish lakes reached βSØR 88% [10,63]. It is worth mentioning that a strong dissimilarity in the phytoplankton communities is caused by the high turnover of species, since βSIM values greater than 80% are considered a stable ecosystem [10]. Temporal fluctuations with a high species turnover play an important role in the stability of the community structure and, therefore, in the ecosystem [21]. The interactions and temporal changes within the phytoplankton communities (density, richness and lack of a dominant species) make the aquatic ecosystem more constant over time; when richness does not present variation over time, it is related to low environmental variability (homogeneous environment) [54,59]. These results coincide with studies carried out by Cardoso [64] in shallow lakes of the Pantanal River basin, where the species richness was high in summer, with a slight decrease in winter due to the water increase.



In addition, the highest species turnover recorded was located in areas with native forest; at stations close to forest monocultures, the species turnover was βSIM < 70% (Figure 1B). It has been shown that sites with a forest presence play an important role in maintaining a high-water quality in shallow lakes, in contrast to agricultural grasslands or others [65]. Landscape fragmentation and land use changes are directly related to changes in phytoplankton communities, as well as in the turnover percentage [10,59,66]. The presence of unique species of phytoplankton is associated with the presence of forest monocultures or agricultural use [20]. It has been proven that changes in land use cause a decrease in beta diversity, negatively affecting diversity patterns [20,67,68]. In Kusrüpuyewe Lake, the phytoplankton communities are not strongly affected by forest monocultures. Pielou’s evenness and the effective number of species (N1) indicate that most of the species have similar densities; there is no dominance of a single species (Table 2 and Table 3). In ecosystems where the anthropic pressure from monocultures is strongest, the presence of dominant species is recorded, diversity decreases and species turnover is less than 45% [66]. However, the negative effects of the land use change in our ecosystems are not evident, as demonstrated by the results of the alpha and beta diversities. Peng et al. [55] indicates that monoculture plantations also have the capacity to absorb excess nutrients. The main effect on the Kusrüpuyewe Lake is the contribution of sediment to the water column [7,56].



Community functioning is more stable when there are heterogeneous conditions, i.e., rainfall regimes, hydrological changes, the presence of macrophytes [69]. SIMPER analysis, using Bray–Curtis dissimilarity, showed the species that were replaced during the study seasons (Table 2), demonstrating that Kusrüpuyewe Lake is temporarily stable, since a community is regulated through the turnover or replacement of species, which implies colonization and extinction of species, keeping the ecosystem stable or in balance [70].




4.3. Application of Alpha and Beta Diversities in Shallow Ecosystems


We recommend the use of alpha and beta diversities in environmental health studies to assess the ecological potential of the ecosystem, as we did with Kusrüpuyewe Lake. The application of both diversities provided valuable information on the heterogeneity and stability of the shallow lake. The use of different coefficients of dissimilarity has been very useful to evaluate different patterns of change in the community structure of phytoplankton [20], since these coefficients complement each other. While beta diversity provides information on the spatial and temporal variation of species composition throughout the ecosystem, alpha diversity provides information on a part of the ecosystem, that is, information is obtained from the richness or Shannon index from the monitored stations [41]. Both diversities measures, applied independently, do not provide sufficient information to make conservation decisions. Just as beta diversity cannot be based only on presence/absence (richness), it is important to incorporate the density values of each species recorded [12,13,14]. The application of beta diversity in freshwater ecosystems related to phytoplankton is still scarce; although they have been developed, they are not yet sufficient to understand the processes in time and space [10,41,71,72]. High beta diversity can be considered as an ecological insurance, allowing the maintenance of alpha diversity even under strong environmental fluctuations, thus maintaining the functioning of the ecosystem [10].



Shallow lakes, such as the Kusrüpuyewe Lake, are excellent models for ecological research and allow for the evaluation of the effects of climate change on biological communities through the determination of community structure and ecosystem stability [59]. Therefore, a solid knowledge on the near-pristine status is necessary. The application of alpha diversity indicators and beta diversity indicators was very useful because these ecosystems have discrete boundaries, are small (facilitating sampling) and are representative, which is demonstrated by applying the rarefaction curve (Figure 5). In diversity studies, it is important to determine that the sampling effort was adequate, avoiding an underestimation of the population; with an adequate sampling effort, all members of the population would be considered [73,74,75]. In addition, they can be used as sentinel ecosystems or early warning systems for the long-term effects of climate change, warning about a potential deterioration of the ecosystem [6,73].





5. Conclusions


Alpha diversity and beta diversity, as ecological indicators, helped us to understand the degree of heterogeneity in the Kusrüpuyewe shallow lake. Phytoplankton communities can reflect the trophic conditions of water bodies, and this shallow lake appears to be in a stable environmental condition. It is important to maintain these conditions; therefore, it is necessary and imperative to establish conservation policies in this ecosystem, by protecting the catchment and by maintaining or restoring the land cover with native forest. Native forests have a higher capacity to absorb pollutants and prevent them from entering than exotic monocultures. High forest diversity has been shown to increase the buffering capacity in aquatic ecosystems by reducing the effects of environmental impacts such as extreme weather or the deposition of various pollutants. The application of beta diversity temporally in this ecosystem indicated that the turnover was not as evident as expected. However, at present, forest monocultures have not been harvested, and it would be interesting to carry out a temporary post-harvest assessment of the effects on the alpha and beta diversities of the phytoplankton communities in this ecosystem.
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Figure 1. Map of the location of the Kusrüpuyewe Lake water network and land use coverage. (A) Map of South America and Chile, location of the study area; (B) location of sampling points and land use. 
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Figure 2. Photographs of principal phytoplankton representatives during the austral summer 2021 season in Kusrüpuyewe Lake. (A) Amphipleura lindheimeri; (B) Hannaea arcus; (C) Tetraspora lacustris; (D) Staurastrum paradoxum. 
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Figure 3. Percentages of phytoplankton present in the Kusrüpuyewe Lake: (A) corresponds to the austral summer 2021 season; (B) the austral winter 2021 season. 
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Figure 4. Photographs of principal phytoplankton representatives during the austral winter 2021 season in Kusrüpuyewe Lake. (A) Mallomonas alpina; (B) Dolichospemum sp; (C) Neidium bisulcatum; (D) Pleurosgima sp. 
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Figure 5. Rarefaction curve to estimate the sampling effort at each monitoring station in summer and winter 2021 in Kusrüpuyewe Lake. 
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Table 1. Results of physicochemical parameters: dissolved oxygen (DO percentage% and concentration mg L−1); pH; temperature (T °C), conductivity (Con µS cm−1), chlorophyll “a” (Chl a µg L−1) and total suspended solid (TSS mg L−1) at monitoring stations in Kusrüpuyewe Lake during summer and winter.
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Depth

	
DO%

	
DO mg L−1

	
pH

	
T °C

	
Con µS cm −1

	
Chl a µg L−1

	
TSS mg L−1




	
Summer






	
LK1

	
Top

	
0–1 m

	
100.6

(98.2–102)

	
8.6

(8.4–8.7)

	
6.9

(6.5–7.2)

	
23.3

(23.1–23.4)

	
46.5

(46.4–46.5)

	
3.9

(2.6–4.9)

	
2.1

(1.6–2.7)




	

	
Bottom

	
2–3 m

	
98.1

(91.4–100.8)

	
8.5

(7.8–9.1)

	
7.1

(7.0–7.2)

	
22.6

(22.1–23.1)

	
45.9

(45.5–46.6)

	
3.0

(2.7–3.4)

	
2.0

(1.6–2.8)




	
LK2

	
Top

	
0–1 m

	
97.9

(97.8–98.1)

	
8.3

(8.3–8.4)

	
6.7

(6.5–7.2)

	
23.4

(23.3–23.5)

	
43.5

(11.7–51.6)

	
1.9

(1.4–2.3)

	
2.7

(2.6–3.1)




	

	
Bottom

	
3–4 m

	
90.2

(83.4–95.8)

	
7.8

(7.2–8.2)

	
7.2

(7.1–7.2)

	
22.7

(22.4–22.9)

	
46.1

(45.9–46.3)

	
2.7

(2.4–3.1)

	
4.4

(3.3–5.8)




	
LK3

	
Top

	
0–1 m

	
94.8

(84.4–103.2)

	
8.0

(7.2–8.7)

	
6.8

(6.3–7.1)

	
21.7

(21.5–21.9)

	
33.7

(11.5–46.6)

	
3.3

(2.3–4.1)

	
3.9

(3.7–4.4)




	

	
Bottom

	
4–5 m

	
83.5

(76.2–89.9)

	
7.9

(5.9–8.7)

	
6.9

(6.9–7.1)

	
18.7

(18.6–19.1)

	
44.4

(43.6–46.1)

	
2.5

(1.5–3.4)

	
3.9

(3.5–4.2)




	
Winter




	
LK1

	
Top

	
0–1 m

	
85.4

(80.1–92.9)

	
8.9

(7.4–10.4)

	
6.9

(6.1–7.1)

	
10.6

(10.5–10.7)

	
20.4

(10.1–25.4)

	
0.8

(0.3–1.2)

	
2.1

(1.9–2.5)




	

	
Bottom

	
4–5 m

	
65.5

(62.0–72.8)

	
7.5

(7.1–8.2)

	
6.9

(6.8–7.1)

	
9.5

(9.3–9.9)

	
24.7

(24.6–25.1)

	
0.7

(0.5–0.9)

	
1.6

(1.5–1.6)




	
LK2

	
Top

	
0–1 m

	
90.3

(80.9–101.1)

	
10.0

(8.9–11.3)

	
7.8

(7.5–7.8)

	
10.7

(10.6–10.7)

	
21.7

(10.1–27.1)

	
2.8

(2.3–3.2)

	
2.7

(2.6–2.8)




	

	
Bottom

	
6–7 m

	
68.4

(66.9–69.8)

	
8.1

(7.9–8.2)

	
7.9

(7.8–7.9)

	
8.1

(8.1–8.2)

	
22.6

(22.6–22.7)

	
0.9

(0.8–1.1)

	
1.5

(1.3–1.8)




	
LK3

	
Top

	
0–1 m

	
89.2

(80.1–99.3)

	
9.9

(9.1–11.5)

	
6.5

(6.2–7.1)

	
10.2

(10–10.3)

	
24.2

(19.1–37.6)

	
2.3

(1.7–3.2)

	
2.9

(2.5–3.9)




	

	
Bottom

	
5–6 m

	
70.4

(69.2–71.7)

	
8.1

(8.1–8.2)

	
6.9

(6.9–7.1)

	
9.0

(8.9–9.7)

	
23.4

(23.1–25.4)

	
1.4

(1.1–1.8)

	
3.2

(3–3.4)











 





Table 2. Density of phytoplankton species (×103 cells L−1) in Kusrüpuyewe Lake, results of analysis of similitude (ANOSIM), BIO-ENV and similitude percentage analyses (SIMPER) between summer and winter. Letters correspond to the following: (a) phytoplankton species present in summer only; (b) phytoplankton species present in winter only; (c) phytoplankton species present in both seasons.
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Summer

	
Winter

	
SIMPER




	
Phylum

	
Class

	
Species

	
LK1

	
LK2

	
LK3

	
LK1

	
LK2

	
LK3




	

	

	

	
Top

	
Bottom

	
Top

	
Bottom

	
Top

	
Bottom

	
Top

	
Bottom

	
Top

	
Bottom

	
Top

	
Bottom






	
Bacillariophyta

	
Bacillariophyceae

	
Achnanthes affinis

	
6.1

	
6.6

	
5.8

	
9.5

	
9.8

	
8.6

	

	

	

	

	

	

	
a




	

	

	
Achnanthes exigua

	
6.6

	
7.4

	
7.9

	
9.8

	
8.7

	
10.6

	

	
2.6

	

	
3.3

	
1.1

	
2.7

	
c




	

	

	
Achnanthes hauckiana

	

	

	

	
8.8

	
9.3

	
8.7

	

	

	

	

	

	

	
a




	

	

	
Achnanthes lanceolata

	

	

	

	

	

	

	

	
2.8

	

	
2.8

	
0.8

	
2.0

	
b




	

	

	
Amphora veneta

	

	

	

	

	

	

	
1.3

	
0.5

	

	

	

	

	
b




	

	

	
Amphipleura lindheimeri

	
5.4

	

	
6.8

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Asterionella formosa

	
21.6

	
12.8

	
11.4

	
9.6

	
10.2

	
8.8

	
2.4

	

	
1.8

	
3.1

	
3.2

	
2.8

	
c




	

	

	
Cocconeis placentula

	

	

	

	

	

	
10.3

	

	
3.5

	

	
3.2

	

	

	
c




	

	

	
Cymbella lanceolata

	

	
6.6

	

	

	
7.5

	

	

	

	

	

	

	

	
a




	

	

	
Cymbella minuta

	

	

	

	

	
8.0

	

	

	
1.9

	
2.0

	
2.2

	
2.8

	
2.4

	
c




	

	

	
Cymbella naviculiforme

	

	
8.2

	

	

	
9.1

	
8.0

	

	

	

	

	

	

	
a




	

	

	
Diatoma tenue

	

	

	

	

	

	
7.1

	
0.6

	

	

	

	
0.6

	

	
c




	

	

	
Epithemia adnata

	

	

	

	

	

	
8.0

	

	

	

	

	

	

	
a




	

	

	
Eunotia bidens

	

	
7.9

	

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Eunotia major

	
4.8

	
6.4

	
7.5

	
9.1

	
11.6

	
8.1

	

	

	

	

	

	

	
a




	

	

	
Eunotia juettrerae

	

	

	

	

	

	

	

	

	

	
0.8

	
1.4

	

	
b




	

	

	
Fragilaria construens

	

	

	

	

	

	

	
4.4

	

	
2.4

	
2.6

	

	
1.1

	
b




	

	

	
Frustulia rhomboides

	

	

	

	

	
7.1

	
6.7

	

	
1.1

	

	

	

	
1.8

	
c




	

	

	
Gomphonema affini

	

	

	

	

	
6.2

	

	

	

	

	

	

	

	
a




	

	

	
Gomphonema parvulum

	

	

	

	

	
8.0

	

	

	

	

	

	

	

	
a




	

	

	
Gomphonema subclavatum

	

	

	

	

	
6.3

	

	

	
1.5

	
2.0

	
2.2

	
1.2

	
1.3

	
c




	

	

	
Gomphonema tenellum

	
4.9

	

	

	

	
8.8

	
9.3

	

	

	

	

	

	

	
a




	

	

	
Gomphonema angusticephalum

	

	

	

	

	

	

	

	

	

	

	
1.2

	

	
b




	

	

	
Gomphonema herculeanum

	

	

	
0.7

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Gomphonema micropus

	

	

	

	

	

	

	

	

	
1.5

	
1.3

	

	

	
b




	

	

	
Gyrosigma terryanum

	

	
6.4

	

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Hannaea arcus

	
7.9

	
7.4

	
8.2

	
9.7

	
9.0

	
9.4

	

	

	

	

	

	

	
a




	

	

	
Hantzschia virgata

	

	
7.6

	
5.9

	

	
8.7

	
8.1

	

	

	

	

	

	
1.1

	
c




	

	

	
Meridion circulare

	

	

	

	

	

	

	
1.6

	
1.4

	
2.1

	
2.0

	
1.8

	
2.5

	
b




	

	

	
Navicula cryptocephala

	

	
7.1

	

	
8.1

	
9.4

	
8.1

	

	

	

	

	

	

	
a




	

	

	
Navicula dicephala

	

	

	

	
8.7

	
9.8

	
7.9

	

	

	

	

	

	

	
a




	

	

	
Navicula directa

	

	

	

	
8.5

	
10.8

	
5.9

	

	

	

	

	

	
0.8

	
c




	

	

	
Navicula gotlandica

	

	

	

	
9.1

	
8.9

	
8.8

	
2.2

	
1.6

	

	

	
1.2

	

	
c




	

	

	
Navicula lateropunctata

	

	

	

	
8.1

	
8.6

	
9.9

	

	

	

	

	

	

	
a




	

	

	
Navicula pseudoseinhardti

	

	

	

	
8.8

	
5.0

	
5.6

	

	

	

	

	

	

	
a




	

	

	
Navicula ryncocephala

	

	

	

	
9.4

	
13.4

	
8.0

	

	

	

	

	

	

	
a




	

	

	
Navicula viridula var. rotellata

	

	
8.2

	

	
8.1

	

	
8.8

	

	

	

	

	

	

	
a




	

	

	
Neidium bisulcatum

	

	

	

	

	

	

	
3.4

	

	

	

	

	

	
b




	

	

	
Nitzschia apiculata

	

	
7.2

	

	
9.2

	

	
8.8

	
2.6

	

	

	

	

	

	
c




	

	

	
Nitzschia ignorata

	

	

	
7.8

	
9.0

	
8.8

	
8.9

	

	

	

	

	

	

	
a




	

	

	
Nitzschia rumpens

	

	

	
5.6

	
8.6

	

	

	
1.1

	

	

	

	

	

	
c




	

	

	
Nitzschia parva

	

	

	

	

	

	

	

	

	

	

	
1.3

	

	
b




	

	

	
Nitzschia robusta

	

	

	

	

	

	

	

	

	

	

	
1.0

	
1.6

	
b




	

	

	
Opephora martyi

	

	

	

	

	

	

	

	
2.2

	

	
1.6

	

	
2.5

	
b




	

	

	
Pinnularia intermedia

	

	

	

	

	

	
7.9

	

	

	

	

	

	

	
a




	

	

	
Pinnularia major

	
11.4

	
8.2

	
8.6

	
8.8

	
9.5

	
7.5

	

	
0.6

	

	
1.6

	
0.8

	

	
c




	

	

	
Pinnularia minor

	
9.9

	
7.5

	

	

	

	

	
0.6

	
1.2

	
0.8

	
2.5

	
1.4

	
2.3

	
c




	

	

	
Pleurosgima sp.

	

	

	

	

	

	

	
0.6

	
1.4

	

	

	

	

	
b




	

	

	
Rhoicosphenia curvata

	

	

	

	

	

	
8.7

	
2.5

	
3.1

	
2.7

	
3.0

	
4.0

	

	
c




	

	

	
Synedra acicularis

	

	

	

	

	
7.8

	

	

	

	

	

	

	

	
a




	

	

	
Synedra acus

	

	

	

	

	
8.2

	

	
3.9

	
4.4

	
3.5

	
2.2

	

	

	
c




	

	

	
Synedra rumpens

	

	

	
8.2

	
9.9

	
8.7

	
10.2

	

	

	

	

	

	

	
a




	

	

	
Tabellaria fenestrata

	

	

	

	

	

	
8.0

	
2.0

	
2.6

	
3.0

	
4.6

	
4.4

	
5.0

	
c




	

	

	
Tabellaria floculosa

	

	

	

	

	

	
9.2

	
1.5

	
2.4

	
4.4

	
4.8

	
2.2

	

	
c




	

	
Coscinodiscophyceae

	
Actinocyclus curvatulus

	

	

	

	

	
11.4

	
9.8

	

	

	

	

	

	

	
a




	

	

	
Actinocyclus subtilis

	

	

	

	

	
9.9

	
8.5

	

	

	

	

	

	

	
a




	

	

	
Aulacoseira granulata

	

	

	

	

	
8.7

	
8.9

	
1.8

	
2.0

	
1.2

	
1.7

	
1.5

	
1.6

	
c




	

	

	
Melosira hustedttii

	

	
7.5

	

	
8.6

	
9.9

	
8.7

	
1.4

	

	

	

	

	
2.4

	
c




	

	

	
Melosira italica

	

	

	

	
9.3

	
10.6

	
9.9

	

	
3.3

	

	
2.8

	

	

	
c




	

	

	
Melosira sol

	
6.8

	
7.7

	
7.9

	
10.6

	
9.6

	
10.3

	

	
0.4

	

	
0.8

	

	

	
c




	

	

	
Melosira varians

	

	
8.2

	

	
8.3

	
10.9

	
8.5

	
2.2

	
2.5

	

	

	
1.8

	
2.6

	
c




	

	

	
Rhizosolenia longiseta

	
9.6

	
8.7

	
7.6

	
9.6

	
11.4

	
9.5

	

	

	

	

	

	

	
a




	

	
Mediophyceae

	
Cyclotella meneghiniana

	
5.8

	
6.3

	
5.5

	
8.8

	
8.3

	
8.5

	

	

	

	

	

	

	
a




	
Chlorophyta

	
Chlorophyceae

	
Chlamydocapsa bacillus

	

	

	

	

	
6.0

	

	
1.4

	

	
3.4

	
1.4

	
1.8

	
1.2

	
c




	

	

	
Chlamydocapsa planctonica

	

	

	

	

	

	

	

	

	
1.6

	
0.8

	

	

	
b




	

	

	
Chlamydomonas dinobryonii

	

	

	

	
7.8

	

	

	
2.7

	
2.1

	

	

	

	

	
c




	

	

	
Chlamydomonas reinhardtii

	

	

	

	
8.8

	

	
9.2

	

	

	

	

	

	

	
a




	

	

	
Coelastrum cambricum

	

	

	

	

	

	

	

	

	
0.8

	
1.3

	

	

	
b




	

	

	
Coelastrum crenatum var. cubicum

	

	

	

	

	

	

	

	

	
1.2

	
1.6

	

	

	
b




	

	

	
Cylindrocapsa geminella

	

	

	

	

	

	

	

	

	

	

	
1.4

	

	
b




	

	

	
Eudorina elegans

	
5.9

	

	
6.2

	

	
7.6

	

	
2.8

	
0.9

	
2.5

	
0.8

	
1.6

	
0.5

	
c




	

	

	
Gonium sociale

	

	

	
8.1

	

	
8.7

	
7.9

	

	
2.2

	

	
1.3

	
0.8

	

	
c




	

	

	
Hemaetococcus pluvialis

	

	

	

	

	

	

	
0.7

	

	
0.8

	

	

	
1.1

	
b




	

	

	
Microspora tumidula

	

	
8.5

	
7.9

	
9.1

	
9.7

	
8.9

	

	

	

	

	

	

	
a




	

	

	
Monoraphidium irregulare

	

	

	

	

	

	

	
4.2

	
2.6

	

	
3.0

	
1.8

	

	
b




	

	

	
Monoraphidium saxatile

	

	

	

	

	
6.1

	

	

	
1.7

	
2.6

	
1.8

	

	
1.4

	
c




	

	

	
Pseudosphaerocystis lacustris

	

	
8.4

	

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Radiofilum conjunctivum

	
6.7

	
5.9

	
8.2

	

	

	
8.7

	

	

	

	

	

	

	
a




	

	

	
Scenedesmus armatus

	

	
6.8

	
7.5

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Scenedesmus brevispina

	

	

	
7.7

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Scenedesmus denticulatus

	

	
7.4

	

	

	

	

	

	

	
0.6

	
0.7

	
0.6

	

	
c




	

	

	
Scenedesmus quadriculata var. quadrispina

	
7.9

	
5.7

	

	

	

	
7.3

	

	

	

	

	

	

	
a




	

	

	
Sphaerocystis schroeteri

	

	

	

	
10.2

	

	

	
2.8

	
0.8

	
3.5

	
1.1

	
0.8

	
0.4

	
c




	

	

	
Stauridium tetras

	

	
6.8

	

	

	
7.7

	
7.3

	
1.8

	

	
1.3

	
1.8

	
1.1

	
1.2

	
c




	

	

	
Tetraspora lacustris

	

	
7.5

	

	

	

	
7.5

	

	

	

	

	

	

	
a




	

	

	
Tetraedron sp.

	

	

	

	

	

	

	
0.8

	

	

	

	

	

	
b




	

	

	
Volvox globator

	

	

	

	

	
8.0

	
8.3

	
0.8

	
1.3

	
0.8

	
0.4

	
1.0

	
0.6

	
c




	

	

	
Rhaphidiella fascicularis

	

	

	

	

	

	
6.9

	

	

	

	

	

	

	
a




	

	
Trebouxiophyceae

	
Willea irregularis

	

	

	

	

	

	
5.9

	

	

	

	

	

	

	
a




	

	

	
Botryococcus braunii

	

	

	

	

	

	

	
2.4

	

	
1.7

	

	
1.2

	

	
b




	

	

	
Chlorella fusca

	

	
8.5

	
8.1

	

	
12.7

	
10.2

	
3.8

	
2.1

	
4.0

	
3.1

	
3.7

	
2.0

	
c




	

	

	
Chlorella saccharophila

	

	

	
8.6

	

	

	

	

	

	

	

	

	

	
a




	

	

	
Chlorella vugaris

	
8.2

	
8.1

	
8.1

	
9.4

	
14.2

	
10.6

	
5.7

	
2.4

	
6.7

	
1.8

	
3.2

	
2.5

	
c




	

	

	
Nephrocytium limneticum

	

	

	
5.8

	

	
5.8

	

	

	

	

	

	

	

	
a




	

	

	
Oocystis elliptica

	

	
8.9

	
8.7

	

	
8.1

	
8.6

	

	

	

	

	

	

	
a




	

	

	
Oocystis lacustris

	

	

	
8.0

	

	

	

	
1.2

	
1.9

	
1.5

	
1.2

	
0.8

	
1.6

	
c




	

	

	
Oocystis solitaria

	

	
8.6

	

	

	

	

	

	

	

	

	

	

	
a




	

	
Ulvophyceae

	
Ulothrix tenuissima

	

	

	

	

	

	

	

	

	

	
0.6

	

	

	
b




	

	

	
Ulothrix variabilis

	

	

	

	

	
7.9

	

	

	

	

	
1.0

	

	

	
c




	

	

	
Ulothrix zonata

	

	

	

	

	

	

	
1.5

	

	

	

	
1.2

	

	
b




	
Cryptophyta

	
Cryptophyceae

	
Cryptomonas curvata

	
6.2

	
7.6

	

	
10.2

	

	

	

	

	

	

	

	

	
a




	

	

	
Cryptomonas ovata

	

	

	

	
8.1

	

	

	
3.5

	
3.1

	
2.7

	
1.4

	
1.4

	
1.7

	
c




	
Cyanobacteria

	
Cyanophyceae

	
Anabaena constricta

	
6.6

	
6.9

	
8.0

	

	

	
7.4

	

	

	

	

	

	

	
a




	

	

	
Anabaena solitaria

	
5.9

	
6.3

	
6.9

	

	

	
5.6

	

	
0.6

	

	

	

	

	
c




	

	

	
Aphanocapsa parietina

	

	

	
7.4

	
8.1

	

	

	
1.5

	

	
1.9

	
0.8

	
0.6

	

	
c




	

	

	
Aphanothece microscopica

	

	
6.7

	
8.9

	
15.6

	
13.0

	

	
2.6

	
2.0

	
1.4

	
1.6

	
0.9

	
1.6

	
c




	

	

	
Chroococcus minutus

	

	

	

	

	
10.6

	
12.2

	
1.3

	

	
1.8

	

	
1.4

	

	
c




	

	

	
Dolicospermum sp.

	

	

	

	

	

	

	
2.3

	

	

	
0.5

	

	
0.9

	
b




	

	

	
Gomphosphaeria aponina

	

	

	

	

	

	

	
0.9

	

	

	

	

	

	
b




	

	

	
Limnothrix redekei

	

	

	

	

	

	

	
2.1

	
1.9

	
1.8

	
1.2

	
1.3

	

	
b




	

	

	
Lyngbya martensiana

	

	

	

	

	

	

	

	

	
1.1

	

	

	

	
b




	

	

	
Merismopedia punctata

	

	

	

	

	

	

	

	

	
0.5

	

	

	

	
b




	

	

	
Microcystis botrys

	

	

	

	

	

	

	
0.8

	
0.8

	

	

	

	

	
b




	

	

	
Microcystis flosaquae

	

	

	

	

	

	

	

	

	

	
0.4

	
0.4

	
1.4

	
b




	

	

	
Nodularia spumigena

	
5.6

	
4.8

	
5.5

	
6.4

	

	

	
0.9

	
0.7

	
0.8

	

	
1.4

	

	
c




	

	

	
Nostoc kihlman

	

	

	

	

	
5.2

	

	

	

	

	

	

	

	
a




	

	

	
Oscillatoria lacustris

	

	

	

	

	

	

	
0.9

	

	

	

	

	

	
b




	

	

	
Raphidiopsis curvata

	

	

	

	

	

	

	

	
0.4

	

	

	

	

	
b




	

	

	
Rivularia sp.

	

	

	

	

	

	

	

	
0.8

	

	
0.9

	
1.8

	

	
b




	

	

	
Spirulina platensis

	

	
7.1

	

	

	

	

	

	

	
1.1

	

	
1.3

	

	
c




	
Miozoa

	
Dinophyceae

	
Ceratium furcoide

	
7.9

	
8.4

	
12.9

	
13.9

	
18.1

	
19.2

	

	

	

	

	

	
0.7

	
c




	

	

	
Ceratium tetraceros

	

	

	

	

	

	

	
1.1

	
0.6

	
0.6

	
0.7

	
0.7

	

	
b




	

	

	
Gymnodinium fuscum

	
5.4

	
15.4

	
16.6

	
11.8

	
19.5

	
14.8

	
1.1

	
0.6

	
0.3

	
0.7

	
0.6

	
0.8

	
c




	

	

	
Peridium cingulum

	

	

	
15.5

	
12.1

	

	

	

	

	

	
0.4

	

	
0.9

	
c




	

	

	
Protoperidinium

	

	

	

	

	

	

	

	
0.8

	
1.0

	

	

	

	
b




	
Euglenophyta

	
Euglenophyceae

	
Euglena gracilis

	

	

	
5.3

	
7.8

	
10.2

	
8.4

	
0.6

	
0.8

	
0.9

	
0.4

	
0.7

	
0.5

	
c




	

	

	
Phacus sp.

	

	

	

	

	

	

	

	

	
1.3

	

	
0.4

	

	
b




	

	

	
Trachelomonas volvocina

	

	

	

	
8.3

	

	
8.9

	
0.8

	
0.9

	

	
0.8

	
0.9

	

	
c




	
Ochrophyta

	
Chrysophyceae

	
Dinobryon divergens

	
9.0

	
9.2

	
8.5

	
9.0

	
12.1

	
9.2

	
4.6

	
3.6

	
3.9

	
3.4

	
2.0

	
3.2

	
c




	

	

	
Ochromonas elegans

	

	

	

	
5.6

	

	

	
1.7

	
1.3

	
2.2

	

	

	
0.9

	
c




	

	

	
Mallomonas alpina

	

	

	

	

	

	

	
2.0

	

	

	

	

	

	
b




	

	

	
Mallomonas longiseta

	

	
4.4

	

	
8.8

	

	
8.3

	

	

	

	

	
1.7

	
1.2

	
c




	

	

	
Mallomonas areolata

	
10.6

	
7.2

	

	
10.5

	

	

	
1.3

	

	
3.8

	

	
1.8

	
0.8

	
c




	

	

	
Mallomonas caudata

	

	
5.4

	

	
10.1

	

	
9.7

	
1.2

	
1.6

	
2.6

	

	
2.9

	

	
c




	

	

	
Mallomonas elongiseta

	

	
8.4

	

	
10.3

	

	
7.9

	
1.3

	
1.0

	
1.6

	
1.3

	
1.6

	
1.3

	
c




	

	

	
Synura uvella

	

	

	

	

	

	

	

	

	
0.6

	

	

	

	
b




	

	
Chlorodendrophyceae

	
Tetraselmis limnetis

	

	

	

	

	

	

	

	
0.4

	
0.4

	

	
0.5

	
0.8

	
b




	

	
Eustigmatophyceae

	
Goniochloris fallax

	

	

	

	

	

	

	

	

	
1.4

	

	

	

	
b




	

	
Xantophyceae

	
Ophiocytium capitatum

	

	

	

	

	

	
8.1

	

	

	

	

	

	

	
a




	
Charophyta

	
Zygnematophyceae

	
Closterium parvulum

	

	

	

	

	

	
8.7

	

	

	

	

	

	

	
a




	

	

	
Staurastrum orbiculare

	

	

	

	

	

	
7.9

	
0.9

	

	
1.3

	

	
1.0

	

	
c




	

	

	
Staurastrum paradoxum

	

	

	

	

	

	
7.9

	

	

	

	

	

	

	
a




	

	

	
Staurastrum rotula

	

	

	

	

	

	

	

	

	
0.8

	

	

	

	
b




	

	
Klebsormidiophyceae

	
Elakatothrix gelatinosa

	

	

	

	

	

	
6.3

	

	

	

	

	

	

	
a




	

	

	
BIO-ENV

	
p = 0.08

	
p = 0.51

	




	

	

	
ANOSIM between season

	
p = 0.02











 





Table 3. Results of alpha diversity using the Shannon index (H′), richness index (Chao-1), Pielou’s evenness (J′) and Hill’s effective numbers (N1). Beta diversity with the Sorensen dissimilarity index (βSØR) and Simpson dissimilarity index (βSIM) at monitoring stations in