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Abstract: Aim: The aim of the study was to characterize the temporal and spatial dynamics of the 
phytoplankton community structure using biomass (biovolume) data and biological indices. Methods: This 
study was conducted in the Biritiba Mirim Reservoir, São Paulo State, Brazil. The reservoir is used to supply 
water to the São Paulo Metropolitan Region. Four sampling campaigns were carried out during two distinct 
seasons (rainy and dry) over one year, across ten sampling stations along the reservoir. In situ parameters 
were measured using a multiparameter probe. Water samples were collected from the subsurface of the 
water column for physicochemical variable determination and phytoplankton laboratory analysis. The 
phytoplankton community was characterized based on biovolume and diversity indices. Exploratory and 
correlation analyses were performed to identify patterns and potential relationships between environmental 
variables and changes in community structure. Results: The reservoir was classified as mesotrophic in terms 
of trophic status. A total of 184 taxa were identified, distributed across 15 classes, with Chlorophyceae and 
Cyanobacteria being the most species-rich (42 and 29 taxa, respectively). During the dry season, longer 
water residence times and higher phytoplankton biomass were observed, correlating with increased nutrient 
concentrations. In the rainy season, shorter water residence times were recorded, with limnological variables 
significantly influencing phytoplankton community composition and distribution. Conclusions: These 
results highlight the importance of considering both seasonality and hydrological dynamics in the 
management and conservation of aquatic ecosystems such as the Biritiba Mirim Reservoir.
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Resumo: Objetivo: O objetivo do estudo foi caracterizar a dinâmica temporal e espacial da 
estrutura da comunidade fitoplanctônica utilizando dados de biomassa (biovolume) e índices biológicos. 
Métodos: Este estudo foi desenvolvido no reservatório Biritiba Mirim, Estado de São Paulo, Brasil. 
O reservatório é utilizado para abastecimento de água da Região Metropolitana de São Paulo. Foram 
realizadas quatro coletas em duas épocas distintas (chuva e seca) durante um ano, em dez estações 
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conditions, creates gradients that extend throughout 
the reservoir, affecting the characteristics and 
composition of the phytoplankton community 
(Bilous et al., 2016; Liu et al., 2024; Ishikawa et al., 
2022). Notably, the hydrological regime and WRT can 
be as decisive as nutrient availability in determining 
community structure (Liu et al., 2024), which makes 
it essential to understand aquatic hydrodynamics to 
predict and manage changes in algal communities, 
contributing to more effective conservation and 
management strategies for aquatic ecosystems.

In Amazonian lakes, for example, the rainy season 
generates unstable conditions, with abrupt changes in 
the community and high phytoplankton biovolume, 
while the dry season, with longer WRT, favors the 
hydrodynamic stability of the water column and 
the dominance of cyanobacteria (Passarinho et al., 
2013). In fact, environments with lower WRT 
and higher flow tend to inhibit algal blooms. This 
occurs because the lower WRT directly impacts 
hydrodynamic stability by promoting vertical mixing 
(Barroso et al., 2016; Zhao et al., 2022), which, in 
turn, alters the redistribution of nutrients and light 
in the water column (Rakhuba, 2020), reducing 
nutrient uptake by algae and inhibiting their 
metabolism (Huang et al., 2023). On the other hand, 
longer WRT favors the accumulation of nutrients, 
promoting phytoplankton and the dominance 
of species adapted to stable conditions, such as 
cyanobacteria (Romo et al., 2012; Londe et al., 2016). 
Therefore, some cities seek to increase flow or select 
lakes and reservoirs with shorter WRT as sources of 
drinking water (Huang et al., 2023). In other cases, 
WRT can be managed to balance the need for water 
storage during the dry season while maintaining 
water quality standards (Londe et al., 2016).

The Metropolitan Region of São Paulo (RMSP), 
with more than 21 million people, is the most populous 
urban agglomeration in Brazil (IBGE, 2022). 

1. Introduction

Phytoplankton is an essential component of the 
food chain, playing a fundamental role in the circulation 
of materials and energy flow in fluvial or aquatic 
ecosystems. Due to the high diversity of species, each 
with distinct environmental preferences (Kutlu et al., 
2020), and high sensitivity to environmental factors 
and rapid response to environmental conditions 
(Goshtasbi et al., 2021), the community is of great 
importance in environmental monitoring studies 
of water bodies (Bilous  et  al., 2016), being widely 
recognized as a bioindicator of water quality (e.g., 
Atazadeh et al., 2007; Wu et al., 2017; Chun et al., 
2018). Monitoring phytoplankton populations can 
provide information about ecosystem conditions 
(Chandel  et  al., 2023). Thus, understanding the 
mechanisms that affect phytoplankton assemblages 
is essential for the management and conservation of 
aquatic environments (Lv et al., 2013).

Water supply reservoirs play vital roles in water 
security and biodiversity maintenance (Tundisi 
& Matsumura-Tundisi, 2003). However, they are 
subject to various environmental and operational 
pressures (Xu et al., 2019), which cause changes in 
hydrological dynamics and water quality (Tundisi, 
2018) and therefore affect the stability and diversity 
of the ecosystem (Angelini et al., 2005; Tundisi, 2006, 
2018). The hydrodynamics of aquatic systems play 
a crucial role in nutrient dispersion and availability, 
directly influencing algal communities (Cardoso & 
Marques, 2009; Smits et al., 2023). Factors such as 
water residence time - WRT (Rangel et al., 2012; 
Londe et al., 2016), morphometry (Calijuri et al., 
2002), and hydrology (Kalff, 2002) significantly 
affect phytoplankton dynamics in reservoirs.

Water flow events, for instance, have been shown 
to impact phytoplankton distribution in these 
environments (Yang  et  al., 2018; Ishikawa  et  al., 
2022). Nutrient input, combined with hydrological 

de amostragem ao longo da extensão do reservatório. Em campo, foram mensurados parâmetros 
utilizando uma sonda multiparâmetros. Amostras de água foram coletadas na sub-superficie da coluna 
d’água para a determinação das variáveis físico-químicas e para a análise do fitoplâncton em laboratório. 
A caracterização da comunidade fitoplanctônica foi feita por meio do biovolume e pelos índices de 
diversidade. Análises exploratórias e de correlação foram realizadas para verificar padrões e possíveis relações 
entre as variáveis ambientais e mudança na estrutura da comunidade. Resultados: O reservatório foi 
classificado, quanto à trofia, como mesotrófico. Foram identificados 184 táxons, distribuídos em 16 classes: 
Chlorophyceae e Cyanobacteria foram as classes com maior riqueza, sendo 42 e 29 táxons, respectivamente. 
Durante o período seco, verificou-se um maior tempo de residência da água e maior biomassa fitoplanctônica, 
correlacionados com as maiores concentrações de nutrientes. No período chuvoso foram registrados os 
menores tempos de residência da água e com as variáveis limnológicas exercendo influência significativa 
na composição e distribuição da comunidade fitoplanctônica. Conclusões: Estes resultados sublinham a 
importância de considerar tanto a sazonalidade quanto a dinâmica hidrológica na gestão e conservação de 
ecossistemas aquáticos como o reservatório Biritiba Mirim.
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Meeting the water demand of this population is a 
major challenge for managers. The Alto Tietê Water 
Supply System (SPAT) is one of the systems used 
to supply the RMSP. Under normal operation, it 
provides 15.6 m3/s of water, contributing to the 
supply of 4.5 million people in the RMSP (SABESP, 
2022). The SPAT is composed of five reservoirs, 
among them the Biritiba Mirim reservoir, which 
has 65% of its area covered by forest and the 
remaining areas consisting of anthropized classes, 
such as agricultural regions and rural properties, 
which influence the water quality of the reservoir 
(Fermoseli Júnior et al., 2023).

Indeed, land-use types can influence reservoir 
water quality (Taniwaki et al., 2013), but they also 
directly affect phytoplankton species diversity and 
productivity (Zhang  et  al., 2020; Sánchez  et  al., 
2021). Thus, both spatial processes, such as 
land use, and temporal processes, such as WRT, 
within aquatic environments are closely linked 
to phytoplankton community structure and beta 
diversity (Zhang et al., 2018).

Therefore, in this study we assumed that 
phytoplankton structure and dynamics are 
determined by the interaction between land use and 
water residence time, so that preserved areas with 
longer WRT show greater stability and community 
complexity, while anthropized areas with shorter 
WRT show lower diversity and predominance of 
species adapted to unstable conditions. This study 
aimed to investigate temporal and spatial changes in 
phytoplankton structure and dynamics in a preserved 
area (riparian forest) and a non-preserved area 
(agricultural zone) of this reservoir, identifying the 
factors that influence its organization and assessing: 
i) whether species distribution in the reservoir is 
homogeneous or heterogeneous; ii) whether there 
was a difference in total phytoplankton biomass 

between preserved and non-preserved areas during 
the study period; iii) whether there are spatial 
differences in phytoplankton diversity and richness.

2. Materials and Methods

2.1. Study area and sampling stations

The Biritiba Mirim reservoir is a mesotrophic 
system (Fermoseli Júnior et al., 2023) intended for 
water supply, located between the municipalities 
of Mogi das Cruzes and Biritiba Mirim, in the 
eastern portion of the Metropolitan Region of São 
Paulo (RMSP), at coordinates 23°36’12.144”S, 
46°5’13.653”W, in southeastern Brazil (Figure 1). 
In the surrounding area of the reservoir, land use 
and occupation correspond to 65.01% forested area 
(native or planted) versus 24.5% of areas occupied 
by some type of agricultural anthropogenic 
activity (Fermoseli Júnior et al., 2023). According 
to DAEE (2006), the reservoir has the following 
characteristics: maximum height of 26 m, length 
of 535 m, width of 10 m, useful volume of 34.76 
million m3, and flow rate of 1.75 m3 s−1.

2.2. Sampling design

Samples were collected from the subsurface of 
the water column along the reservoir at 10 previously 
established sampling stations during the dry season 
(August 2019 and May 2020) and the rainy season 
(November 2019 and February 2020). The sampling 
stations are distributed as follows: 5 stations are 
located near the Riparian Forest (RF), and 5 are near 
the agricultural zone (AZ) (Figure 1, Table 1).

2.3. Analyzed variables

Precipitation data were obtained from the 
database of the Water Production Systems, made 
available online by SABESP (2022), which collects 
daily data from the reservoirs comprising the system.

Table 1. Codes of the 10 sampling stations, their respective geographic coordinates, surrounding area characteristics, 
and depths in the Biritiba Mirim reservoir.
Sampling 
Stations

Station 
ID Geographic Coordinates Environmental 

Features
Minimum 
Depth (m)

Mean 
Depth (m)

Maximum 
Depth (m)

1 1RF 23º36.15’26.02”W, 46º5.40’29.12”S Riparian Forest 5.0 5.9 6.5
2 2RF 23º37.91’23.04”W, 46º5.13’41.65”S Riparian Forest 5.5 6.0 6.5
5 3RF 23º38.34’25.12”W, 46º5.42’04.09”S Riparian Forest 3.0 3.8 4.5
6 4RF 23º38.67’03.03”W, 46º5.69’20.18”S Riparian Forest 4.5 4.9 5.5

10 5RF 23º36.03’6.42”W, 46º04.85’42.17”S Riparian Forest 6.0 6.3 6.5
3 1AZ 23º38.23’11.22”W, 46º5.35’40.05”S Agricultural Zone 2.5 3.6 4.5
4 2AZ 23º39.01’32.37”W, 46º5.39’55.87”S Agricultural Zone 3.5 3.9 4.0
7 3AZ 23º36.01’51.52”W, 46º5.01’16.90”S Agricultural Zone 4.0 4.5 5.5
8 4AZ 23º37.13’02.39”W, 46º4.79’56.12”S Agricultural Zone 2.5 3.5 4.0
9 5AZ 23º36.12’17.73”W, 46º04.42’0.16”S Agricultural Zone 2.0 2.3 3.0

Abbreviations: Riparian Forest (RF), Agricultural Zone (AZ).
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The abiotic variables measured included 
water temperature (°C), total dissolved solids 
(g L-1), dissolved oxygen (mg L−1), pH, electrical 
conductivity (µS cm−1), and turbidity (NTU), 
measured using a Horiba multiparameter probe, 
Model U22. Water transparency was estimated 
by measuring the depth at which the Secchi disk 
disappeared (m). Other variables such as total 
nitrogen and total phosphorus (Valderrama, 
1981), nitrite and nitrate (Mackereth et al., 1978), 
ammonium ion (Solorzano, 1969), orthophosphate 
(Strickland & Parsons, 1960), alkalinity (Golterman 
& Clymo, 1971) and chlorophyll-a (Sartory & 
Grobbelaar, 1984) were collected, preserved, and 
analyzed according to APHA (2012). The dissolved 
inorganic nitrogen (DIN) was calculated as the sum 

of nitrate, nitrite, and ammonium. The Nitrogen: 
Phosphorus Molar Ratio (N:P molar ratio) was 
calculated to determine the limiting nutrient. The 
results were compared with the Redfield Ratio 
(Redfield, 1958; Redfield  et  al., 1963), which 
establishes that if the N:P molar ratio of the system 
is less than 16:1, the system is considered nitrogen-
limited (N-limited); if it is greater than 16:1, it 
is considered phosphorus-limited (P-limited) 
(Vidal et al., 2003). Water residence time (WRT) 
was estimated for the study period. The WRT 
calculation was based on the ratio between the 
volume of water stored in the reservoir and its 
outflow (Rueda et al., 2006) during the sampling 
months, using data from the SABESP (2022) water 
monitoring station; the result was expressed in days.

Figure 1. Location of the study reservoir (Biritiba Mirim) within its drainage area (Biritiba Mirim Basin), showing 
the sampling stations. a) Location of the Biritiba Mirim Basin in Brazil. b) Location of the Biritiba Mirim Basin 
within the state of São Paulo. Units 3, 4, 7, 8 and 9 in white circles represent sampling stations in non-preserved 
areas (Agricultural Zone), and units 1, 2, 5, 6 and 10 in black squares represent sampling stations in preserved areas 
(Riparian Forest).
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2.4. Phytoplankton community sampling and analysis

Samples for the taxonomic analysis of the 
phytoplankton community were collected using a 
plankton net with a mesh opening of 20 µm and 
preserved in 4% formalin. Taxonomic analysis 
was performed using a Zeiss Axioplan 2 light 
microscope.

Samples for the quantitative analysis of the 
phytoplankton community were collected directly 
from the subsurface using glass flasks and preserved 
with 1% Acetic Lugol’s solution. Quantitative 
analysis followed the Utermöhl method (1958), 
using a Zeiss Axiovert 25 inverted microscope and 
sedimentation chambers of 5 mL or 25 mL, with a 
sedimentation time of three hours per centimeter 
of chamber height (Lund et al., 1958). A counting 
limit was established through a taxon rarefaction 
curve and the counting of either 100 individuals 
of the most common taxon or 400 individuals in 
total. Every coenobium, colony, cell, or filament 
was considered an individual.

Phytoplankton biomass was estimated based 
on biovolume (mm3 L−1), which was converted to 
biomass where mm3 L−1 = mg L−1 (Wetzel & Likens, 
2000). The biovolume values of the species were 
obtained from specialized literature (Fonseca et al., 
2014). For taxa without available biovolume 
information, the cell volume was calculated and 
then multiplied by the density of each taxon. The 
volume of each cell was estimated using geometric 
shapes, or a combination of shapes, that best 
approximated the morphology of the individuals, 
according to Hillebrand et al. (1999), Sun & Liu 
(2003), Vadrucci et al. (2007), Fonseca et al. (2014), 
and then multiplied by the average number of cells.

Descriptor species of the community were 
those with relative biovolume values above 1% and 
collectively accounted for more than 80% of the total 
sample biovolume. Additionally, biological indices, 
based on biovolume, were estimated to describe 
the structure of the phytoplankton community: 
Dominance Index (D’) (Simpson, 1949), Diversity 
Index (H’) (Shannon & Weaver, 1963), Evenness 
Index (U’) (Pielou, 1966), and specific richness 
(total number of taxa in the sample).

2.5. Statistical analysis

To assess spatial dependence between sampling 
stations and limnological variables, the Global 
Moran’s Index (I) (Moran, 1950) was applied. The 
results indicated no spatial dependence among the 
sampling points, based on the index values. This 
analysis was performed using ArcGIS software 

version 10.1 (ESRI, 2001). To determine the 
variability of environmental data over the study 
period, Principal Component Analysis (PCA) was 
used. Canonical Correspondence Analysis (CCA) 
was employed to relate abiotic variables with 
biotic variables (descriptor species). The selection 
of the biotic matrix for the CCA was based on 
the PCA results. The choice of analysis was based 
on Detrended Correspondence Analysis (DCA) 
(Hill & Gauch Junior, 1980), in which the data 
were pre-tested to select the most appropriate 
method. For these analyses, a covariance matrix 
was used, and both biotic and abiotic data (except 
pH) were transformed using range normalization 
[(x - xmin) / (xmax - xmin)]. These analyses 
were performed using PC-ORD version 6.0 for 
Windows (McCune & Mefford, 2011). Spearman 
correlation analysis was conducted to investigate 
the relationship between biovolume values and 
the analyzed limnological and climatological 
variables. A Kruskal-Wallis test was performed to 
detect statistically significant differences between 
biological indices and descriptor species in relation 
to temporal and spatial factors, with a significance 
level set at p<0.05. Other graphs were generated 
using GraphPad Prism version 9.0.0 for Windows 
(GraphPad Software Inc., 2020).

3. Results

Average precipitation reached a maximum value 
of 231.8 mm (rainy season/2020) and a minimum 
of 10.2 mm (dry season/2019) (Figures 2 and 3). 
The dry season presented the highest water residence 
times (236 days in 2020 and 175 days in 2019), 
while the rainy season had the lowest values (98 
days in 2019 and 43 days in 2020) (Figure 3). The 
overall average for the study period was 92 days.

Little spatial and temporal variation was 
observed in the environmental parameters 
analyzed throughout the study period and 
among sampling stations, such as total nitrogen 
concentrations (RF: 298,9 ± 79,1 µg L-1 to 
436,4 ± 35,2 µg L-1; AZ: 320,7 ± 13,4 µg L-1 to 
487,9 ± 61,4 µg L-1), chlorophyll-a (RF: 1,84 ± 0,11 
µg L-1 to 2,26 ± 0,36 µg L-1;AZ: 2,38 ± 0,4 µg L-1 
to 3,04 ± 1,01 µg L-1), and water transparency (RF: 
1,35 ± 0,04 m a 1,5 ± 0,7 m; AZ: 1,26 ± 0,2 m a 
1,69 ± 0,1 m). Spatial variation influenced nutrient 
limitation, the system was phosphorus-limited 
(RF: 24,66 ± 2,63 to 43,5 ± 2,7; AZ: 31,3 ± 5,6 
to 51,8 ± 12,1). The values of the other variables 
analyzed over the study period are also presented 
in Table 2.
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The Principal Component Analysis (PCA) 
(Figure  4) explained 53.2% of the total data 
variability in the first two axes, suggesting that 
temporal variation (seasonality) was the main 
factor related to abiotic changes during the study. 
Sampling units were heterogeneously distributed in 
the PCA plot, with no evident groupings.

On axis 1, stations during the rainy periods 
(2019 and 2020) were associated with high 
temperature and precipitation (r = 0.8 and r = 0.7, 
respectively), while the dry seasons (2019 and 2020) 
were associated with dissolved oxygen (r = -0.6), 
total phosphorus (r = -0.8), orthophosphate 
(r = 0.5), and dissolved inorganic nitrogen (r = -0.9). 
On axis 2, total dissolved solids (r = 0.5) and 

electrical conductivity (r = 0.5) were positively 
associated with both seasons. On the negative side of 
axis 2, total nitrogen (r = -0.8), dissolved inorganic 
nitrogen (r = -0.5), and the TN:TP ratio (r = -0.8) 
were the most representative variables (Figure 4).

A total of 184 taxa were identified during 
the qualitative analysis, distributed across 16 
classes: Chlorophyceae (42), Cyanobacteria (29), 
Trebouxiophyceae (22), Cryptophyceae (18), 
Euglenophyceae (17), Chrysophyceae (12), 
Zygnematophyceae (12), Bacillariophyceae (8), 
Coscinodiscophyceae (7), Chlamydophyceae 
(6), Xanthophyceae (4), Klebsomidiophyceae 
(2), Prasinophyceae (2), Fragillariophyceae (1), 
Mediophyceae (1), and Dinophyceae (1).

Figure 2. Monthly variation in precipitation (mm) from June 2019 to June 2020 for the Biritiba Mirim reservoir 
during the study period.

Figure 3. Annual variation of water residence time (days) and mean monthly precipitation during the study period 
in the Biritiba Mirim Reservoir.
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The Venn diagram (Figure  5) refers to the 
distribution of taxa among sampling units and revealed 
no significant spatial or temporal variation (p > 0.05); 
however, differences in taxon richness between the 
two periods were observed (p < 0.001). Of the 183 
taxa, 104 were common among all sampling units, 
30 were exclusive to RF, and 49 were exclusive to AZ 
(Figure 5a). Regarding temporal variation, 64 taxa 
were exclusive to the dry season (2019 and 2020), 
and 67 taxa were exclusive to the rainy season (2019 
and 2020) (Figures 5b-c). Values highlighted on the 
periphery of Figures 5b and 5c represent taxa exclusive 
to each individual sampling event.

In the quantitative analysis of the community, 
20 taxa were classified as descriptors, together with 
contributing 89% of the total biovolume (Table 3).

There was an alternation in class dominance 
across the study periods. The highest biovolume 
values were observed during the dry season of 
2019 (station 1RF – 11.2 mg L−1), mainly due to 
the contribution of Trachelomonas volvocinopsis 
(Euglenophyceae), also recorded in most stations 
during that dry season. During the dry season 
of 2020, Mougeotia sp. (Zygnematophyceae) and 
Cryptomonas tetrapyrenoidosa (Cryptophyceae) 
increased in contribution (Figure  6). The lowest 
total biovolume values were observed in the rainy 
season of 2020 (station 2AZ – 0.3 mg L−1). In the 
rainy periods of 2019 and 2020, Cyanobacteria was 
the most dominant group due to the prevalence 
of Dolichospermum planctonicum and Chroococcus 
dispersus, respectively (Figure 6).

Table 2. Mean, minimum, and maximum values of the physical, chemical, and biological variables analyzed at the 
sampling units during the study period.

SITE Measures Secchi. 
(m)

Temp. 
(ºC)

Turb 
(NTU) pH Alk 

(mEq L-1)
TDS 
(g L-1)

EC 
(µS cm-1)

DO 
(mg L-1)

TN 
(µg L-1)

DIN 
(µg L-1)

TP 
(µg L-1)

PO4 
(µg L-1)

N:P 
molar 
ratio

Chl a 
(µg L-1)

1RF Mean 1.5 18.9 2.3 6.7 12.8 0.032 49.8 7.8 398.8 1.4 19.8 5.6 43.6 2.0
Max. 1.5 21.2 4.5 7.2 13.8 0.035 54.0 8.5 494.7 2.7 26.0 7.1 46.9 2.2
Mín. 1.5 15.6 1.1 6.4 11.4 0.029 44.0 7.5 354.7 1.0 17.1 4.3 40.8 1.8

2RF Mean 1.4 18.6 1.2 7.2 14.1 0.031 49.5 7.3 400.0 1.3 19.4 5.0 45.1 2.3
Max. 1.5 21.6 1.2 7.7 16.1 0.035 55.0 8.2 421.0 2.1 23.7 5.6 50.0 2.7
Mín. 1.3 14.7 1.1 6.8 11.4 0.029 45.0 6.8 362.6 1.0 17.8 3.9 32.7 2.0

3RF Mean 1.4 19.2 1.1 6.5 13.2 0.029 47.3 7.3 436.4 1.2 23.2 6.9 41.0 1.8
Max. 1.7 22.1 1.1 6.8 13.8 0.034 52.0 8.4 465.7 1.6 27.4 8.9 45.9 1.9
Mín. 1.2 15.2 1.0 6.1 12.4 0.025 43.0 6.5 385.9 1.0 21.1 4.9 30.1 1.7

4RF Mean 1.5 19.0 1.0 6.4 15.7 0.038 57.0 7.1 298.9 1.1 25.7 7.6 41.1 2.8
Max. 1.4 23.0 1.2 6.9 13.3 0.033 52.0 8.3 464.0 2.4 28.9 10.7 47.1 2.0
Mín. 1.3 15.3 0.9 6.4 12.8 0.028 43.0 6.3 375.7 1.1 20.8 4.3 27.8 1.7

5RF Mean 1.4 19.2 1.0 6.6 13.2 0.030 47.5 7.4 429.2 1.5 23.0 7.2 24.7 1.9
Max. 1.6 22.1 1.4 6.5 17.0 0.042 64.0 7.8 416.5 2.4 31.9 10.7 28.0 3.4
Mín. 1.4 15.0 0.4 6.1 13.3 0.033 52.0 6.3 251.4 0.6 23.1 5.0 22.4 2.3

1AZ Mean 1.3 18.3 1.5 6.7 14.4 0.032 49.5 7.3 436.2 1.6 18.6 4.8 51.8 2.4
Max. 1.7 21.5 2.3 7.2 15.1 0.034 53.0 8.2 461.5 2.7 23.7 5.4 59.6 2.8
Mín. 1.1 14.5 1.0 6.2 13.3 0.029 43.0 6.6 375.7 1.3 16.3 3.9 33.9 2.0

2AZ Mean 1.3 18.8 2.5 6.7 12.3 0.028 43.3 7.3 488.0 1.8 21.9 5.5 48.0 2.4
Max. 1.4 21.5 7.5 6.9 13.3 0.031 48.0 8.4 523.6 2.0 23.7 6.9 54.0 2.8
Mín. 1.1 15.2 0.3 6.3 10.9 0.026 41.0 6.8 396.0 1.5 20.8 3.6 35.8 2.0

3AZ Mean 1.5 19.1 1.0 6.6 12.5 0.032 49.3 7.7 320.8 0.8 23.0 7.6 31.6 3.0
Max. 1.6 22.1 1.5 6.9 13.8 0.035 54.0 8.4 333.6 1.2 34.1 12.5 36.9 3.9
Mín. 1.3 15.2 0.5 6.3 11.5 0.029 45.0 6.5 301.9 0.6 18.5 4.3 21.0 2.1

4AZ Mean 1.4 18.9 3.4 6.4 13.6 0.033 50.5 7.1 416.5 1.1 21.6 7.2 42.3 2.8
Max. 1.8 21.9 10.0 6.8 14.3 0.036 55.0 7.7 515.2 1.8 30.4 10.7 46.7 3.7
Mín. 1.1 15.0 1.0 6.1 13.0 0.030 45.0 6.4 373.4 0.9 17.8 3.9 36.3 2.1

5AZ Mean 1.7 18.7 0.9 6.5 11.8 0.034 51.8 7.7 345.8 0.9 23.2 6.9 31.4 2.9
Max. 1.8 21.6 1.3 6.9 11.9 0.036 55.0 8.6 523.9 1.4 28.2 8.9 39.8 3.6
Mín. 1.6 15.6 0.7 6.2 11.7 0.031 47.0 6.7 279.9 0.7 20.8 4.2 27.4 2.1

Abbreviations: Riparian Forest (RF), Agricultural Zone (AZ), Mean (Mean), Minimum (Min.), Maximum (Max.), Water 
Transparency (Secchi), Temperature (Temp.), Turbidity (Turb), pH, Alkalinity (Alk), Total Dissolved Solids (TDS), Electrical 
Conductivity (EC), Dissolved Oxygen (DO), Total Nitrogen (TN), Dissolved Inorganic Nitrogen (DIN), Total Phosphorus 
(TP), Soluble Orthophosphate (PO4), Chlorophyll a (Chl a), and Nitrogen: Phosphorus Molar Ratio (N:P MolarRatio).
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Figure 4. Biplot ordination by PCA of the sampling units and the sixteen abiotic variables analyzed. Abiotic variables: 
Alkalinity (Alk), Chlorophyll a (Chl a), Electrical Conductivity (EC), Total Phosphorus (TP), Dissolved Inorganic 
Nitrogen (DIN), Total Nitrogen (TN), Dissolved Oxygen (DO), Orthophosphate (PO4), Hydrogen Potential (pH), 
Precipitation (Prec), Depth, N:P Molar Ratio (N:P Ratio), Total Dissolved Solids (TDS), Temperature (Temp.), 
Water Transparency (Secchi), and Turbidity (Turb). Sampling units were identified according to land use and cover 
around the study site, being Riparian Forest (1RF to 5RF) and Agricultural Zone (1AZ to 5AZ). The numbers in 
front of the sampling units, from 1 to 5, correspond to the sampling point locations.

Table 3. Descriptor taxa, abbreviation (ID), taxonomic class, and percentage contribution to the total biovolume.
Nº Descriptor Taxa ID Taxonomic Class Contribution (%)
1 Trachelomonas volvocinopsis Svirenko TraV Euglenophyceae 27%
2 Mougeotia sp. Moug Zygnematophyceae 11%
3 Dolichospermum planctonicum (Brunnthaler) Wacklin, 

Hoffmann & Komárek
DolP Cyanophyceae 9%

4 Cosmarium contractum Kirchner CosC Zygnematophyceae 8%
5 Discostella stelligera (Cleve & Grunow) Houk & Klee DisS Mediophyceae 5%
6 Cryptomonas tetrapyrenoidosa Skuja CryT Cryptophyceae 4%
7 Radiococcus polycoccus (Korshikov) Kostikov, Darienko, 

Lukesová & Hoffmann
RadP Chlorophyceae 3%

8 Aulacoseira granulata (Ehrenberg) Simonsen AulG Coscinodiscophyceae 3%
9 Chroococcus dispersus (Keissler) Lemmermann ChrD Cyanophyceae 3%

10 Botryococcus braunii Kützing BotB Trebouxiophyceae 3%
11 Cryptomonas curvata Ehrenberg CryC Cryptophyceae 3%
12 Sphaerocavum brasiliense Azevedo & Sant’Anna SphB Cyanophyceae 2%
13 Euglena polymorpha Dangeard EugP Euglenophyceae 1%
14 Peridinium sp. Peri Dinophyceae 1%
15 Staurodesmus cf. cuspidatus (Brébisson) Teiling StaC Zygnematophyceae 1%
16 Cryptomonas brasiliensis Castro, Bicudo & Bicudo CryB Cryptophyceae 1%
17 Pseudocryptomonas sp. Pseud Cryptophyceae 1%
18 Cryptomonas obovata Skuja CryO Cryptophyceae 1%
19 Trachelomonas hispida (Perty) Stein TraH Euglenophyceae 1%
20 Urosolenia eriensis (Smith) Round & Crawford UroE Coscinodiscophyceae 1%
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The Canonical Correspondence Analysis 
(CCA), performed with 20 descriptor species and 
9 environmental variables, explained 41% of the 
total variability in the first two axes, both statistically 
significant (p = 0.001). The species–environment 
correlation was high and significant for axes 1 and 2 

(p = 0.001). Intra-set correlations and canonical 
coefficients indicated that total phosphorus, dissolved 
oxygen, dissolved inorganic nitrogen, total dissolved 
solids, electrical conductivity, and orthophosphate 
were the most influential variables on axis 1, whereas 
temperature was the main driver on axis 2 (Figure 7).

Figure 5. Venn diagram showing the occurrence of phytoplankton taxa among sampling stations and study periods in 
the Biritiba Mirim reservoir, São Paulo. a) Distribution based on shared taxa representing spatial differences between 
Riparian Forest and Agricultural Zone stations. b) Distribution based on shared taxa among Riparian Forest sampling 
stations between rainy and dry periods. c) Species distribution based on shared taxa in Agricultural Zone sampling stations 
between rainy and dry periods. The number of unique and common taxa in each area/period is highlighted in bold.

Figure 6. Total biomass (mg L−1) of phytoplankton classes at each sampling station during the study period: 
a) Dry/2019, b) Rainy/2019, c) Rainy/2020, d) Dry/2020. Charts with distinct scales.



10 	 Pontes, D.D. et al.	

Acta Limnologica Brasiliensia, 2026, vol. 38, e6

The CCA ordination highlighted the influence 
of the temporal factor, with the formation of 
distinct clusters according to hydrological periods. 
Samples from the dry season of 2019, located on 
the positive side of axis 1, were associated with 
Aulacoseira granulata, Radiococcus polycoccus, 
Trachelomonas volvocinopsis, Chroococcus dispersus, 
and Staurodesmus cf. cuspidatus (r = 0.5 for all), 
and were also correlated with DO, TP, DIN, 
TDS, EC, and PO4. On the negative side of 
axis 1, two distinct clusters were observed: one 
corresponding to the dry season of 2020 and the 
other to the rainy season of 2019 and 2020. In this 
axis, sampling units were associated with the high 
biovolume of Cryptomonas brasiliensis (r = –0.5). 

Regarding axis 2, samples from the dry season of 
2020 were positioned on the positive side, correlated 
with the high biovolume of Urosolenia eriensis 
(r = 0.5), Cryptomonas tetrapyrenoidosa (r = 0.5), 
Peridinium sp. (r = 0.7), and Mougeotia sp. (r = 0.5). 
In contrast, samples from the rainy season of 2019 
and 2020, located on the negative side of the axis, 
were associated with higher temperatures (r = –0.7) 
and with the high biovolume of Trachelomonas 
hispida (r = –0.6) and Dolichospermum planctonicum 
(r = –0.5) (Figure 7).

The Spearman correlation test (Table  4) 
between the analyzed variables and phytoplankton 
community structure revealed several significant 
correlations between biotic and abiotic parameters. 

Figure 7. Ordination by CCA of the sampling units generated from twenty system descriptor species and 9 abiotic 
variables. Sampling units were identified according to land use and cover around the research site, being Riparian 
Forest (1RF to 5RF) and Agricultural Zone (1AZ to 5AZ). Abiotic variables: Electrical Conductivity (EC), Dissolved 
Oxygen (DO), Temperature (Temp.), Total Nitrogen (TN), Total Phosphorus (TP), Dissolved Inorganic Nitrogen 
(DIN), N:P Molar Ratio (N:P Ratio), Total Dissolved Solids (TDS) and Orthophosphate (PO4). For species 
abbreviations, see Table 3.
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The main parameters strongly associated with 
biovolume were water residence time (ρ = 0.79), 
precipitation (ρ = -0.75), total phosphorus (ρ = 0.64), 
TN:TP ratio (ρ = -0.64), and electrical conductivity 
(ρ = 0.61). Among the biological indices, no 
strong correlation was found for dominance and 
richness; however, evenness was strongly correlated 
with temperature (ρ = -0.67) and TN:TP ratio 
(ρ = -0.70). The diversity index also showed a strong 
negative correlation with TN:TP ratio (ρ = -0.70).

Regarding the temporal variation of biological 
indices, a statistically significant difference was 
detected between the indices (p < 0.001). Richness 
was higher during the rainy seasons (2019 and 2020) 
than during the dry season of 2019. It is noteworthy 
that the increase in richness during the dry season of 
2020 led to a significant increase in diversity for the 
same period. As for dominance (only in dry/2019), 
evenness, and diversity, values were generally higher 
during the dry season (Figure 8).

Table 4. Spearman correlation between algal biovolume, biological indices, and environmental variables during the 
study period in the Biritiba Mirim Reservoir.

Variables Total Biovolume H’ D’ U’ S’
TBv - 0.51 -0.01 0.58 -0.07
WRT 0.79 0.28 0.22 0.40 -0.26

Precip. -0.75 -0.28 -0.22 -0.42 0.25
TN -0.26 -0.48 0.35 -0.38 -048
DIN 0.49 0.21 0.29 0.37 -0.43
TP 0.64 0.46 0.09 0.57 -0.25

N:P Ratio -0.64 -0.70 0.20 -0.70 -0.21
Depth 0.08 0.04 -0.07 0.03 0.07
Secchi -0.04 0.25 -0.44 0.13 0.45
Temp. -0.47 -0.53 -0.23 -0.67 0.28
Turb. -0.13 -0.32 0.03 -0.35 0.08
pH 0.25 -0.03 0.39 0.11 -0.33
EC 0.61 0.46 0.06 0.50 -0.03
DO 0.31 0.46 0.25 0.59 -0.29
PO4 0.45 0.10 -0.03 0.15 -0.09
D’ -0.01 -0.23 - -0.05 -0.61
U’ 0.58 0.95 -0.05 - 0.01
H’ 0.51 - 0.95 0.95 0.27
S’ -0.07 0.27 0.01 0.01 -

Variables: Total Biovolume (TBv), water residence time (WRT), precipitation (Precip.), total nitrogen (TN), 
dissolved inorganic nitrogen (DIN), total phosphorus (TP), Nitrogen: Phosphorus Molar (Ratio N:P Ratio), Water 
Transparency (Secchi), temperature (Temp.), turbidity (Turb.), electrical conductivity (EC), dissolved oxygen (DO), 
orthophosphate (PO4). Indices: Diversity (H’), Dominance (D’), Evenness (U’) and richness (S’). Interpretation 
of the Spearman correlation coefficient: 0.00 | 0.20 very weak; 0.20 | 0.40 weak; 0.40 | 0.60 moderate; 0.60 | 0.80 
strong; 0.80 | 1.00 very strong. Bold values are considered significant.

Figure 8. Boxplot of the temporal variation of biological indices, based on biovolume, and species richness 
(white boxes, secondary y-axis) in the ten sampling units of the Biritiba Mirim Reservoir during two distinct periods
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No significant spatial differences were detected 
(p > 0.05) for the diversity, dominance, evenness, 
and richness indices or their means (Figure 9).

4. Discussion

4.1. Influence of land use and seasonality

The results of this study demonstrated the seasonal 
variations, modulated by the physicochemical 
conditions of the environment, such as temperature 
and nutrient concentration, were the main drivers 
of phytoplankton structure, composition, and 
dynamics, whereas spatial differences related to 
land use (riparian forest or agricultural) did not 
significantly affect these characteristics. According 
to statistical tests, the key predictors associated 
with phytoplankton growth and composition were 
total phosphorus, dissolved inorganic nitrogen, 
temperature, total dissolved solids, electrical 
conductivity, and dissolved oxygen.

Indeed, many studies have highlighted the 
positive effect of these variables on algal growth (i.e. 
Bonansea et al., 2016; Acuña-Alonso et al., 2022; 
Oliveira et al., 2025), as will be further discussed. 
However, the influence of other factors, such as 
precipitation and water residence time (WRT), on 
the community during the study period cannot be 
disregarded.

In this study, biovolume was negatively correlated 
with precipitation, and rainy periods exhibited lower 
values compared to dry periods. This pattern can be 
attributed to the negative influence of precipitation 
on nutrient concentration, which may affect nutrient 
availability and consequently impact phytoplankton 
structure. Precipitation events, depending on their 
frequency and intensity (Liu et al., 2024), can alter 
abiotic parameters such as nutrients, light, and 
temperature (Stockwell et al., 2020). These changes 

can affect nutrient loading in the system before they 
are utilized by phytoplankton (Ho & Michalak, 
2019), limiting their growth and proliferation 
(Paerl & Huisman, 2008).

Associated with precipitation, the morphometric 
and hydrodynamic characteristics of the Biritiba 
Mirim Reservoir, such as water residence time, 
were strongly related to biovolume fluctuations 
and changes in community structure, as evidenced 
by correlation tests. Studies by Rangel  et  al. 
(2012) and Magalhães et al. (2020) support that 
hydrodynamics is a significant factor capable of 
altering phytoplankton community structure. The 
highest water residence time in the Biritiba Mirim 
Reservoir was recorded during the dry period, 
associated with lower precipitation. These conditions 
likely favored nutrient accumulation, promoting 
increased phytoplankton biomass across all sampling 
sites. Water renewal rates directly affect nutrient 
cycling and accumulation in the water column 
(Schindler, 2006), influencing phytoplankton 
growth, macrophytes, and the trophic state of the 
reservoir (Straškraba, 1999; Beaver  et  al., 2015). 
Other studies have documented the influence of 
water renewal rates on phytoplankton biovolume 
(Mac Donagh  et  al., 2009; Rangel  et  al., 2012; 
Beaver et al., 2015; Londe et al., 2016).

Water supply reservoirs, such as the studied 
system, are subject to fluctuations in water volume, 
particularly depending on land use, making the 
management of WRT a critical factor. Given the 
risks associated with prolonged WRT (e.g., algal 
blooms), some cities seek to increase flow or select 
lakes and reservoirs with shorter WRT as sources of 
drinking water (Huang et al., 2023). In other cases, 
WRT can be managed to balance the need for water 
storage during the dry season while maintaining 
water quality standards (Londe et al., 2016).

Figure 9. Boxplot of biological indices (gray boxes), based on biovolume, and species richness (white boxes, secondary 
y-axis) representing data variability across sampling stations for different land use types surrounding the Biritiba Mirim 
reservoir, SP. a) Sampling stations located in preserved areas (Riparian Forest) and b) Sampling stations located in 
non-preserved areas (Agricultural Zone).
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The management of hydrological regimes 
influences both biotic and abiotic limnological 
characteristics (Wetzel, 1990). In the context of 
the studied system, the predominant land use, 
particularly agricultural activities, contributes to 
diffuse pollution, increasing the input of nutrients 
(nitrogen and phosphorus) and suspended solids 
into the reservoir. Although nutrient concentration 
variations are strong determinants of phytoplankton 
structure, they also appear to be influenced by 
hydrodynamics (Tong et al., 2019), demonstrating 
a strong interaction between disturbances in the 
watershed and the processes that occur within 
the reservoir. This interaction becomes even more 
pronounced when combined with temperature 
(Cha  et  al., 2017; Nazeer  et  al., 2018), which 
is a key predictor of community structure. 
Temperature is a fundamental ecological factor 
that modulates phytoplankton dynamics through 
both direct effects, such as physiological responses 
and growth rates, given that many species exhibit 
higher metabolic activity at elevated temperatures, 
and indirect effects arising from environmental 
regulation associated with water column mixing, 
stratification processes, and nutrient availability 
(Xiao et al., 2025).

Consequently, the observed changes in this 
study are attributed to a combined effect: the 
external pressures from land use (nutrient load) and 
the internal physical factors (ambient temperature 
and WRT) that modulate nutrient availability and 
physical conditions. This combined effect impacts 
the structure, dynamics, and composition of the 
phytoplankton community, as corroborated by 
statistical tests.

4.2. Phytoplankton community composition and 
biological indices

The combined effect of water residence time and 
seasonal climatic conditions (such as precipitation 
and temperature) was also evident regarding 
species dominance for each studied period. In 
this study, biological indices were applied to 
summarize complex information on composition 
and abundance into comparable metrics across 
areas and periods. Qualitatively, Chlorophyceae 
and Cyanobacteria were the classes contributing 
most to the total number of taxa, as also observed 
in other mesotrophic reservoirs (Borges  et  al., 
2008; Adloff et al., 2018; Mabrouk et al., 2021). 
Quantitatively, in terms of biovolume, Cyanobacteria 
and Euglenophyceae were the most representative 
classes, consistent with Chellappa et al. (2008).

During the dry period of 2019, characterized 
by a relatively stable subsurface water column, 
high water residence time, and low precipitation, 
conditions favored increased nutrient concentration 
and Euglenophyceae biovolume, particularly 
Trachelomonas volvocinopsis. Euglenophyceae 
are documented in environments with high 
concentrations of organic matter, nitrogen, and 
phosphorus (Round, 1973; Alves-da-Silva & Bridi, 
2004) and in waters ranging from acidic to slightly 
alkaline (Alves-da-Silva et al., 2013). In this study, 
according to the CCA, T. volvocinopsis was associated 
with high values of total phosphorus (TP), dissolved 
inorganic nitrogen (DIN), and dissolved oxygen 
(DO). Reynolds et al. (2002) report that this species 
occurs in mesotrophic environments, such as the 
study area. In contrast, Grabowska & Wołowski 
(2014) highlight the occurrence of the group in 
shallow and highly eutrophic reservoir, where 
it is frequently associated with the formation of 
Planktothrix agardhii blooms. This suggests that 
relatively high nutrient concentrations do not 
appear to be limiting to the development of this 
group, a pattern consistent with the observations 
in this study and similar occurrences reported 
elsewhere (Alves-da-Silva  et  al., 2013; Kufner & 
Giani, 2017).

The highest biovolume values, recorded 
during the dry period of 2020, were attributed to 
Zygnematophyceae (Mougeotia sp.). Zygnematophyceae 
species are considered environmental indicators of 
eutrophication (Silva  et  al., 2018), being widely 
recorded across diverse trophic contexts, from eutrophic 
environments (Futatsugi  et  al., 2025) to oligo-
mesotrophic environments (Pacheco  et  al., 2010; 
Santana  et  al., 2018; Oliveira  et  al., 2020), being 
particularly favored under conditions of P-limitation 
(Tapolczai et al., 2015) and variable pH (Graham et al., 
1996). In our study, this genus was observed during 
a period with low nutrient availability, P-limitation, 
slightly acidic to neutral pH, high water residence time, 
and low precipitation.

Beyond the increase in biovolume and changes 
in community composition, biological indices were 
higher during the dry period, indicating a balanced 
and stable distribution among taxa, without 
dominance by any group. Diversity depends on 
fundamental ecological processes, and alterations 
in these processes can affect species uniformity 
(Effendi  et  al., 2016). Mechanical stress, such as 
water column mixing, can reduce the influence 
of dominant species and increase community 
evenness (Bicudo et al., 1999; Xiao et al., 2025). 
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In this study, the dry period was characterized by 
partial water column mixing, more pronounced 
in 2019 than in 2020, paralleling biological 
indices and species richness. Chellappa  et  al. 
(2008) attributed high diversity as an indicator of 
stability, maintaining multispecific phytoplankton 
throughout the annual cycle and low cyanobacterial 
dominance. Our findings corroborate this, as high 
diversity, especially among intermediate groups, 
was observed alongside high evenness and low 
cyanobacterial dominance.

During the rainy periods (2019/2020), 
cyanobacterial presence raises concern, as the study area 
is a drinking water reservoir. Many genera can produce 
toxic blooms, such as Dolichospermum, identified in 
this study, with records worldwide (Buratti  et  al., 
2017; Kaur  et  al., 2021). Overall, this period was 
characterized by dominance of D. planctonicum, 
C. dispersus, and S. brasiliensis, associated with high 
precipitation and temperature and lower nutrient 
availability compared to the dry period. Numerous 
studies indicate that nutrient conditions, combined 
with temperature and light availability, stimulate 
the growth of this group, which is commonly used 
to explain seasonal dynamics in aquatic ecosystems 
(Llope et al., 2009; Ward et al., 2011).

Experimental studies have demonstrated that 
temperature effects favor cyanobacteria over other 
phytoplankton groups (Mesquita  et  al., 2019), 
acting as both direct and indirect predictors of 
community biomass (Beaulieu et al., 2013). In our 
study, water temperature ranged from 20 to 23 °C, 
which, according to statistical analyses, may have 
favored cyanobacterial dominance, as observed by 
Islam et al. (2012) and Ma & Yu (2013). Robarts & 
Zohary (1987) reported that bloom-forming species 
have optimal growth rates above 25 °C, although 
dominance is more strongly determined by nutrient-
mediated indirect effects. The influence of temperature 
rather than nutrients may be explained by the trophic 
state of the system. Cyanobacterial sensitivity to 
temperature, residence time, and phosphorus varies 
among different lake types (Richardson et al., 2018). 
In mesotrophic environments, such as the focus of 
this study, temperature has a greater influence on 
cyanobacteria than in oligotrophic or eutrophic 
temperate lakes (Rigosi et al., 2014).

Cyanobacterial presence during the rainy period 
was reflected in lower biological index values, 
indicating reduced diversity and evenness. This 
result aligns with environmental changes that may 
have caused disturbance, favoring resistance and 
opportunistic taxa. Ferrari et al. (2020) demonstrated 

that filamentous cyanobacteria dominate advanced 
succession stages, particularly after disturbances 
such as intense rainfall, characteristic of the 
rainy period. Moreover, cyanobacteria have been 
associated with reduced phytoplankton diversity 
(Bockwoldt et al., 2017). In our study, a reduction 
of approximately 30% in diversity and richness was 
observed between rainy and dry periods, likely due 
to an increase in opportunistic groups, especially 
cyanobacteria.

This study investigated the interaction between 
environmental dynamics, nutrient availability, 
and phytoplankton community structure in 
a mesotrophic drinking water reservoir. The 
results indicated that the spatial distribution of 
phytoplankton was essentially homogeneous, with 
no significant differences in community structure, 
biomass, diversity, or richness between the conserved 
area (riparian forest) and the agricultural area. 
In contrast, temporal variation was pronounced: 
biomass was significantly higher during the dry 
season, whereas diversity declined in the rainy season, 
a period characterized by an increased contribution 
of potentially bloom-forming cyanobacteria. Overall, 
the set of environmental variables, modulated by 
seasonality, reservoir morphometry, and water 
residence time, was identified as the main factor 
shaping phytoplankton community organization. 
Furthermore, because this is a drinking water 
reservoir, these findings can support more effective 
management and monitoring strategies, contributing 
to water quality protection and the sustainable 
management of such ecosystems.
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