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Abstract: Aim: The objective of this study was to investigate the distribution of phytoplankton and 
the presence of indicative species of different hydrological scenarios, such as drought and rainfall, in a 
set of tropical urban lakes. Methods: Samples were collected from 14 urban lakes distributed across 
different regions of Goiânia, Goiás, Brazil. Two samples were taken: one during the rainy season and 
one during the dry season. For each lake, we collected phytoplankton data, as well as data on water 
temperature, pH, electrical conductivity, dissolved oxygen, turbidity, and the concentrations of total 
phosphorus, orthophosphate, nitrate, ammoniacal nitrogen, and chlorophyll-a. These variables were 
used as indicators of environmental variability. Results: A total of 173 taxa were recorded during 
the rainy season, compared to 165 during the dry season. We evaluated the constancy of each taxa 
in the sampled lakes during both hydrological periods, identifying similarities between the seasons 
and notable contributions from rare species. Additionally, Principal Coordinate Analysis (PCoA) 
revealed greater variability in taxonomic composition between lakes during the dry season. For density, 
however, variability remained consistent throughout both seasons. The Permdisp indicated that these 
differences in variability within each season were not significant. However, Permanova identified 
differences in environmental and community structure between seasons. Finally, an indicator species 
analysis (IndVal) identified eight indicator taxa: five for the rainy season and three for the dry season. 
Conclusions: The composition and density of the phytoplankton community in tropical urban lakes 
varies between the dry and rainy seasons, with distinct indicator species characterizing each season. 
During the dry season, greater variability in environmental conditions was observed between lakes, 
particularly with regard to higher concentrations of nutrients, electrical conductivity and turbidity. 
Thus, this heterogeneity was important for the selection of species with different adaptive strategies.
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Therefore, many species can serve as valuable tools 
for assessing ecological integrity (Marques & Américo-
Pinheiro, 2017). Phytoplankton, for instance, are 
valuable indicators of extreme climatic events, 
which is a particularly relevant approach in the 
Anthropocene (Cardoso et al., 2013; Bortolini et al., 
2016). They can also be used to evaluate the quality 
of aquatic ecosystems because they can thrive under 
a wide range of conditions, including variations 
in nutrients, alkalinity, acidity, dissolved organic 
carbon (DOC), salinity, temperature, light, and 
mixing regimes (Padisák & Naselli-Flores, 2021). 
This makes phytoplankton a powerful tool for 
developing more effective monitoring programs 
amid the high environmental variability found in 
aquatic ecosystems.

Urban lakes are among the most susceptible 
continental aquatic ecosystems to the impacts of 
urbanization due to their spatial isolation, small 
size, and limited inclusion in monitoring programs 
(Thornhill et al., 2017). Due to population growth 
and intense anthropogenic influence, these systems 
may degrade environmentally (Nabout & Nogueira, 
2011; Frau et al., 2018), which affects the delivery 
of ecosystem services, such as recreation (a cultural 
service) and carbon fixation by resident organisms 
(a regulating service). Furthermore, deforestation 
driven by urban expansion increases the input of 
allochthonous organic matter into lentic systems, and 
this often results in eutrophication, sedimentation, 
and temperature rise—factors that negatively affect 

1. Introduction

Understanding the dynamics of biological 
communities is essential for sustaining ecosystem 
services, which benefit humans directly and indirectly 
through provisioning, regulating, supporting, and 
cultural services (De Groot et al., 2002; Rudman et al., 
2017; Hasan et  al., 2020). Therefore, investigating 
the variability of microorganism communities can 
serve as an important model for understanding how 
these organisms respond to environmental conditions, 
providing indicators of environmental variability, 
which is crucial for maintaining ecosystem functions 
and services, particularly in aquatic ecosystems.

For example, the phytoplankton community 
consists of an extremely diverse group of microorganisms 
that differ in phylogeny, size, shape, and adaptive 
strategies related to their ability to cope with 
environmental variations (Litchman & Klausmeier, 
2008; Brasil & Huszar, 2011; Guiry, 2012; Hu et al., 
2013). As such, they can clearly and efficiently indicate 
environmental variability in ecosystems, enabling 
us to monitor their functioning. Furthermore, 
phytoplankton constitutes an important component 
of primary production in aquatic systems, providing 
essential ecosystem services such as oxygen production 
and carbon fixation, which are vital for sustaining 
the biosphere (Naselli-Flores & Padisák, 2023). 
Another key characteristic of this community is 
the short generation time of its populations, which 
allows for a rapid response to environmental changes 
(Weithoff, 2003; Reynolds, 2006).

Resumo: Objetivo: O objetivo deste estudo foi investigar a distribuição do fitoplâncton e a presença 
de espécies indicadoras de diferentes cenários hidrológicos, como seca e chuva, em um conjunto de 
lagos urbanos tropicais. Métodos: As amostras foram coletadas em 14 lagos urbanos distribuídos 
por diferentes regiões de Goiânia, Goiás, Brasil. Foram realizadas duas amostragens: uma durante a 
estação chuvosa e outra durante a estação seca. Para cada lago, coletamos dados sobre o fitoplâncton, 
bem como dados sobre a temperatura da água, pH, condutividade elétrica, oxigênio dissolvido, 
turbidez e as concentrações de fósforo total, ortofosfato, nitrato, nitrogênio amoniacal e clorofila-a. 
Essas variáveis foram utilizadas como indicadores da variabilidade ambiental. Resultados: Um total 
de 173 taxas foram registradas durante a estação chuvosa, em comparação com 165 durante a estação 
seca. Avaliamos a constância de cada táxon durante ambos os períodos hidrológicos, identificando 
semelhanças entre as estações e contribuições notáveis de espécies raras. Além disso, a Análise de 
Coordenadas Principais (PCoA) revelou maior variabilidade na composição taxonômica entre os lagos 
durante a estação seca. No entanto, em termos de densidade, a variabilidade permaneceu consistente 
ao longo das duas estações. O Permdisp indicou que estas diferenças na variabilidade dentro de cada 
estação não foram significativas. No entanto, a Permanova identificou diferenças na estrutura ambiental 
e comunitária entre as estações. Por fim, uma análise de espécies indicadoras (IndVal) identificou oito 
táxons indicadores: cinco para a estação chuvosa e três para a estação seca. Conclusões: A composição 
e densidade da comunidade fitoplanctônica em lagos urbanos tropicais variam entre as estações, 
com táxons indicadores distintos caracterizando cada estação. Durante a estação seca, observou-se 
maior variabilidade nas condições ambientais, particularmente no que diz respeito a concentrações mais 
elevadas de nutrientes, condutividade elétrica e turbidez. Assim, essa heterogeneidade foi importante 
para a seleção de espécies com diferentes estratégias adaptativas.

Palavras-chave: variabilidade ambiental; algas planctônicas; sazonalidade; lagos rasos; ecossistemas urbanos.
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chemical, physical, and biological interactions 
(Félix et al., 2020). Finally, urban lakes in tropical 
climates are subject to temporal environmental 
changes associated with hydrological periods of 
drought and rainfall, which alter, for example, 
water transparency, dissolved oxygen and nutrient 
concentrations (Jia et al., 2021), which makes the 
study particularly relevant for this region.

Scientific evidence from tropical urban lakes 
suggests that nutrient concentrations tend to be 
higher during dry periods, which often results 
in increased phytoplankton densities (Nabout 
& Nogueira, 2011). Additionally, higher rainfall 
can dilute chlorophyll-a, an important parameter 
for assessing water quality and determining the 
trophic state (Hamdhani  et  al., 2024). However, 
other studies suggest that increased rainfall can 
enhance the availability of certain nutrients, increase 
biomass, and cause variability in phytoplankton 
during the rainy season (Silva & Jati, 2024). 
Therefore, phytoplankton environmental responses 
may be seasonally dependent (Oliveira & Bortolini, 
2025). Understanding how phytoplankton respond 
to varying environmental conditions in these 
ecosystems is essential for grasping their ecological 
responses to environmental variability.

Thus, based on the above questions, this study 
investigated how phytoplankton and indicator 
species are influenced by environmental variability 
under distinct dry and rainy season hydrological 
scenarios in a set of tropical urban lakes. Therefore, 
we expect greater variability in composition and 
density among lakes due to greater environmental 
variability during the dry season. Additionally, we 
expect phytoplankton density to be higher during 
the dry season than during the rainy season due 
to reduced water volume, which leads to greater 
turbidity and higher nutrient concentrations that 
directly favor phytoplankton development. Finally, 
the composition and selection of phytoplankton 
species in urban lakes is influenced by environmental 
variability between hydrological periods, with 
different taxa being favored depending on the 
prevailing conditions in each period.

2. Material and Methods

2.1. Study area

This study was conducted in 14 urban lakes 
located in different geographical regions of the 
municipality of Goiânia, Goiás, Brazil (Figure 1). 

Figure 1. Location of the study area showing the sampling stations in the municipality of Goiânia, Goiás, Brazil. 
(a) Urban lakes and sampling stations; (b) Location of Goiás state and the municipality of Goiânia in Brazil.
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The lakes sampled in the study were: L1 (Leolídio 
di Ramos Caiado Park), L2 (Liberdade Park), L3 
(Beija Flor Park), L4 (Balneário Park), L5 (Cascavel 
Park), L6 (Vaca Brava Park), L7 (Areião Park), L8 
(Jardim Botânico Park), L9 (Flamboyant Park), 
L10 (Fonte Nova Park), L11 (Lago das Rosas 
Park), L12 (Bosque dos Buritis Park), L13 (Nova 
Esperança Park), and L14 (João Carlos Fernandes 
de Oliveira Park). The selected lakes are distributed 
across different regions of the city, capturing the 
environmental heterogeneity inherent to urban 
lacustrine systems. The park areas vary in size, as do 
the lake areas, which range from 850 to over 14,000 
square meters. Additionally, the parks have diverse 
vegetation, including dry forest remnants, flooded 
areas, and reforested sections with preservation 
areas, as well as different land uses (Martins et al., 
2024; Oliveira & Bortolini, 2025).

2.2. Sampling of phytoplankton and local 
environmental conditions

Water samples for the analysis of local environmental 
conditions and the phytoplankton community in 
the lakes were collected during the rainy season 
(March 2022) and the dry season (September 
2022). The rainy season in this region typically 
occurs during spring and summer, from October to 
April, with an annual average precipitation ranging 
from 1200 mm to 1800 mm. In contrast, the dry 
season spans from May to September, with average 
precipitation values ranging from 100 mm to 400 
mm during this period (Costa et al., 2012).

For each lake, we measured water temperature 
(°C), pH, electrical conductivity (µS cm-1), dissolved 
oxygen (mg L−1), and turbidity (NTU), using a 
portable digital potentiometer. In addition, we 
collected 1000 mL of water for laboratory analysis 
of total phosphorus (μg L−1), orthophosphate 
(μg L−1), nitrate (mg L−1), ammoniacal nitrogen 
(mg L−1), and chlorophyll-a concentrations 
(μg L−1). These variables were used as indicators 
of environmental variability.

On the same day, part of the water samples 
was filtered using Whatman GF/C membranes. 
Chlorophyll-a concentrations were quantified 
by macerating glass fiber filters containing the 
retained phytoplankton biomass with 90% 
acetone, followed by spectrophotometric readings 
(Golterman  et  al., 1978). The water filtrate was 
used for the determination of dissolved nutrients, 
including orthophosphate, nitrate, and ammoniacal 
nitrogen. Unfiltered water samples were used 
to analyze total phosphorus. Total phosphorus 

and orthophosphate were determined using the 
ascorbic acid method, with readings performed in a 
spectrophotometer (Golterman et al., 1978), where 
nitrate and ammoniacal nitrogen concentrations 
were obtained through cadmium and salicylate 
reduction methods, respectively, followed by 
spectrophotometric analysis (APHA, 2012).

We collected quantitative samples of phytoplankton 
directly with 100 mL bottles at the subsurface of the 
limnetic region and fixed them with Lugol’s acetic 
solution. Qualitative samples were also taken with 
a plankton net (20 μm) and fixed with Transeau’s 
solution, only for the taxonomic identification of the 
phytoplankton (Bicudo & Menezes, 2017).

2.3. Identification and quantification of phytoplankton

The phytoplankton material was identified 
based on morphological, morphometric, and 
meristic characteristics. Whenever possible, 
variability in these characteristics was observed in 
populations and the taxa were classified according 
to the classification systems presented in Bicudo & 
Menezes (2017) and Guiry & Guiry (2022), which 
follow strong phylogenetic propositions.

Phytoplankton density was estimated from 
quantitative samples using an inverted microscope 
(Olympus CKX41 model at 400×magnification), 
following the Utermöhl (1958) method. The 
sedimented volume was determined based on the 
concentration of algae and/or debris present in the 
sample, and the sedimentation time was adjusted 
according to the height of the sedimentation 
chamber, with at least three hours for each 
centimeter of chamber height (Margalef, 1983).

The counting was performed randomly by field, 
considering the stabilization curve of the species. 
The density values were calculated according to 
APHA (2012), and the results were expressed as 
individuals (cells, coenobia, colonies, or filaments) 
per milliliter, based on the forms in which the 
algae occur in nature. Phytoplankton richness was 
considered as the number of total taxa present in 
each quantitative sample.

To infer the constancy of each species in the 
lakes sampled during the two hydrological periods, 
we applied the method proposed by Dajoz (2005), 
where C = (p/P) * 100, with C >70% representing 
constant species; 30% < C < 70% representing 
frequent species; 10%< C < 30% representing 
sporadic species; and C < 10% representing rare 
species. In this equation, p is the number of samples 
containing the species, and P is the total number 
of samples tested.
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2.4. Data analysis

To assess the environmental conditions of the 
lakes, we initially conducted descriptive statistics, 
including mean, minimum, maximum, and 
coefficient of variation, to compare the dry and rainy 
season and to reveal how environmental variables 
were structured according to the hydrological 
regime. Based on this, we characterized the different 
environmental scenarios in which phytoplankton 
communities occurred.

Subsequently, to test the variability in environmental 
conditions, as well as phytoplankton composition 
and density, we performed a permutation test 
for the homogeneity of multivariate dispersions 
among the sampling units for environmental data, 
presence/absence, and density of taxa collected 
in each lake across the two hydrological periods. 
The test was based on distances calculated via 
Principal Coordinates Analysis (PCoA), using 
the position of individual sampling units relative 
to the centroid of their respective groups in full-
dimensional space (Anderson, 2006). The analysis 
employed a dissimilarity matrix constructed with 
Euclidean distance for environmental variables, 
Jaccard distance for presence/absence data, and 
Bray-Curtis distance for phytoplankton density 
data. Additionally, we assessed the homogeneity 
of multivariate dispersion (average distance to the 
group centroid) using PERMDISP with betadisper 
and permutest (with 9,999 permutations) from 
the vegan package (Oksanen  et  al., 2018). To 
test differences in environmental conditions 
and phytoplankton community structure 
between hydrological periods, we performed a 
Permutational Multivariate Analysis of Variance 
(PERMANOVA) using the adonis2 function from 

the vegan package, based on the same dissimilarity 
matrices described above, with 999 permutations 
(Anderson, 2001).

Finally, to identify indicator species for the dry 
and rainy seasons, we performed an indicator value 
analysis (IndVal; Dufrêne & Legendre, 1997) using 
the labdsv package (Roberts, 2019), and the density 
of organisms recorded in each lake during the two 
hydrological periods. The analyses were performed 
using the free software R (R Development Core 
Team, 2017).

3. Results

3.1. Environmental scenarios

Regarding rainfall, total precipitation in March 
was 101 mm, whereas only 30 mm was recorded 
in September 2022 (INMET, 2025). These values 
reflect the variability in hydrological regime between 
the two periods analyzed. Orthophosphate, nitrate, 
and ammoniacal nitrogen were the variables that 
exhibited the greatest variation during the rainy 
season, according to the coefficient of variation. 
In contrast, dissolved oxygen, electrical conductivity, 
turbidity, total phosphorus, and chlorophyll-a 
showed greater variation during the dry season. 
Although temperature varied less during the dry 
season, the highest values were recorded in the 
rainy season (Table  1). According to the PCoA 
(Axis 1 = 70.46%; Axis 2 = 27.01%; F = 12.919; 
p = 0.001), greater variability in environmental 
conditions among the lakes was observed during 
the dry season (Figure  2). PERMANOVA for 
environmental variables indicated significant 
differences between periods (F = 6.58; R2 = 0.21; 
p = 0.001; 999 permutations).

Table 1. Summary of local environmental variables measured during the rainy and dry seasons in urban lakes located 
in Goiânia, Goiás, Brazil.

Variables Min. value Rainy Dry Max. value Rainy Dry Mean Rainy Dry CV (%) Rainy Dry
WT 23.6 22.8 31.9 26.6 27.4 24.3 8% 4.4%
Turb 10.0 2.65 59.2 116 23.6 28.2 56.6% 107.7%
Cond 16.4 12.4 148.7 246 84.9 141.2 47.2% 54.9%
DO 2.8 2.8 11.2 9.7 7.4 7.4 25.5% 28.3%
pH 4.4 6.4 8.06 8.85 6.2 7.7 16.4% 9.1%
TP 9.1 6.3 76.7 383.2 47.8 98.0 45.3% 128.4%

PO4
3− 0.11 1.6 11.4 22.7 2.5 6.8 109.6% 88.%

NO3
- 0.0 0.0 9.1 13.2 1.6 4.1 172.2% 126.5%

NH4
+ 0.03 0.061 0.31 0.659 0.1 0.4 72.5% 36.3%

Chl-a 0.54 0.8 22.6 26.2 6.4 7.2 93.9% 96.8
The acronyms represent the following variables: WT = water temperature (°C), Turb = turbidity (NTU), Cond = electrical 
conductivity (µS cm−1), DO = dissolved oxygen (mg L−1), TP = total phosphorus (µg L−1), PO4

3− = orthophosphate 
(µg L−1), NO3

− = nitrate (mg L−1), NH4
+ = ammoniacal nitrogen (mg L−1) and Chl-a = chlorophyll-a (µg L−1).
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3.2. Phytoplankton community structure

A total of 241 phytoplankton taxa were 
recorded in urban lakes during the study period. 
During the rainy season, taxa mainly belonged 
to the classes Chlorophyceae, Cyanophyceae, and 
Zygnematophyceae, whereas in the dry season, 
taxa mainly belonged to the classes Chlorophyceae, 

Cyanophyceae, and Bacillariophyceae (Figure  3). 
Regarding density, the rainy season showed 
notable contributions from Chlorophyceae, 
Cyanophyceae, Cryptophyceae, Chrysophyceae, 
and Zygnematophyceae. In contrast, during the 
dry season, major contributions were observed from 
Chlorophyceae, Cyanophyceae, Trebouxiophyceae, 
Coscinodiscophyceae, and Mediophyceae (Figure 4). 

Figure 2. Principal Coordinates Analysis (PCoA) of the sampling units based on environmental variables obtained 
from urban lakes of Goiânia, Goiás, Brazil. The polygons indicate the maximum dispersion of the sampling units 
for each hydrological period.

Figure 3. Relative contribution (%) of taxonomic groups to phytoplankton richness in urban lakes, Goiânia, Goiás, 
Brazil, during the rainy and dry seasons.
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Most lakes (L1, L3, L4, L5, L7, L9, L10, and L12) 
exhibited higher phytoplankton densities during 
the dry season than the rainy season. During the 
rainy season, lakes L2, L6, L8, L11, L13, and L14 
had higher densities (Figure 5).

Regarding the occurrence frequency of the 
species, we observed a similar distribution for 
both hydrological periods, where it was possible 
to observe a higher number of sporadic and rare 
species (Figure 6).

According to the PCoA, greater variability in 
taxa composition between lakes was observed during 

the dry season, whereas phytoplankton density 
showed similar variability between lakes in both the 
rainy and dry seasons (Figure 7). However, there 
were no differences in variability of composition 
(Axis 1 = 9.26%; Axis 2 = 8.71%; F = 0.9498; 
p = 0.316) or density (Axis 1 = 9.59%; Axis 2 = 7.96%; 
F = 0.154; p = 0.687) between lakes in the rainy 
season or dry season. Thus, the data allowed for 
a comparison of the similarity in composition and 
density of the lakes within each hydrological period. 
However, the phytoplankton community structure 
differed significantly between the dry and rainy seasons. 

Figure 4. Relative contribution (%) of taxonomic groups to phytoplankton density in urban lakes, Goiânia, Goiás, 
Brazil, during the rainy and dry seasons.

Figure 5. Total phytoplankton density in urban lakes, Goiânia, Goiás, Brazil, during the rainy and dry seasons. 
Data were log-transformed for better visualization.
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Figure 6. Constancy of phytoplankton taxa for the rainy and dry seasons sampled in urban lakes of Goiânia, Goiás, 
Brazil. Species were classified according to their frequency of occurrence in the samples as: constant (>70%), frequent 
(30–69%), sporadic (10–29%), and rare (<10%) (Dajoz, 2005).

Figure 7. Principal Coordinate Analysis (PCoA) of the sampling units of the composition (a) and phytoplankton 
density (b) obtained in the urban lakes of Goiânia, Goiás, Brazil. The polygons indicate the maximum dispersion of 
the sampling units for each of the hydrological periods.
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PERMANOVA based on Bray-Curtis dissimilarity 
(densities transformed by Hellinger) revealed 
significant differences in community (F = 1.69; 
R2 = 0.06; p = 0.001), although the proportion of 
variance explained was comparatively low. Similarly, 
species composition based on Jaccard dissimilarity 
showed significant differences between seasons 
(F = 1.68; R2 = 0.06; p = 0.002).

According to IndVal, eight phytoplankton 
indicator taxa were recorded, five taxa indicating 
the rainy season and three taxa indicating the 
dry season. Taxa associated with the rainy season 
were Eucapsis densa Azevedo, Sant’Anna, Senna, 
Komárek & Komárková, Synechocystis aquatilis f. 
salina (Wisłouch) Komárek, Aphanocapsa elachista 
West & G.S.West, Acanthosphaera zachariasii 
Lemmermann and Oocystis lacustris Chodat, 
whereas taxa associated with the dry season were 
Tetraëdron minimum (A.Braun) Hansgirg, Euglena 
Ehrenberg and Cryptomonas Ehrenberg (Table 2).

4. Discussion

Our research revealed environmental variability 
between the dry and rainy seasons. The greatest 
environmental dissimilarity was observed in lakes 
during the dry season. However, contrasting 
patterns emerged in community variability 
and phytoplankton density. Although species 
composition was more variable among lakes 
during the dry season, phytoplankton density 
exhibited similar levels of variability in both 
seasons. Additionally, no significant differences in 
structural dissimilarity were detected among lakes 
within each season, despite clear differences in 
composition and density being observed between 
the dry and rainy periods. These findings suggest 
that different components of the phytoplankton 
community respond differently to hydrological 
variability, challenging the initial hypothesis. As 
expected, the highest levels of nutrients, electrical 
conductivity, turbidity and chlorophyll-a were 

recorded in the dry season, directly influencing the 
higher phytoplankton density values in most lakes. 
We identified eight indicator taxa in total: five were 
associated with the rainy season, and three with 
the dry season. This supports our third hypothesis, 
which states that environmental variability between 
hydrological periods influences phytoplankton 
species composition and selection. Additionally, 
a predominance of cyanobacteria, green algae, 
desmids, and diatoms was observed across both 
sampling periods, together with a high occurrence 
of sporadic and rare species.

In terms of environmental conditions, we 
observed greater variability among the lakes during 
the dry season. This may be due to the influence of 
local conditions specific to each lake; several studies 
have examined how local environmental processes 
affect the structure of biological communities 
(Beisner et al., 2006; Nabout & Nogueira, 2011). 
During the dry season, higher concentrations of 
phosphorus and nitrogen were the main factors 
promoting primary productivity and leading to 
increased concentrations of chlorophyll-a. This 
is because phosphorus plays an important role 
in the metabolism of photosynthetic organisms, 
particularly in the form of orthophosphate, which 
is more readily assimilated by the phytoplankton 
community. Meanwhile, nitrogen is directly 
involved in biomass formation, with ammoniacal 
nitrogen being the main nitrogen source for these 
organisms (Reynolds, 2006; Esteves, 2011).

During the dry season, the high electrical 
conductivity values may be associated with 
increased decomposition of organic matter, which 
releases ions into the water column (Carmo, 
2000). The reduced water volume may also exert 
a dilution effect on ion concentrations. Regarding 
phytoplankton density, our findings are consistent 
with those of Nabout & Nogueira (2011), who 
also found higher densities during the dry season, 
when higher nutrient concentrations were recorded. 

Table 2. Results of the indicator species analysis (IndVal) based on phytoplankton density in the urban lakes of Goiânia, 
Goiás, Brazil.

Indicator Species IndVal P-value Freq. Class Season
Eucapsis densa 0.545 0.019 11 Cyanophyceae Rainy

Synechocystis aquatilis 0.497 0.029 9 Cyanophyceae Rainy
Aphanocapsa elachista 0.399 0.037 7 Cyanophyceae Rainy

Acanthosphaera zachariasisii 0.357 0.036 5 Trebouxiophyceae Rainy
Oocystis lacustris 0.394 0.048 7 Trebouxiophyceae Rainy

Tetraëdron minimum 0.587 0.011 11 Chlorophyceae Dry
Euglena sp. 0.571 0.006 8 Euglenophyceae Dry

Cryptomonas sp. 0.357 0.041 5 Cryptophyceae Dry
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Our results demonstrate the importance of local 
environmental conditions in determining the intensity 
of phytoplankton development (Cai et al., 2012). 
Another important observation is the coexistence of 
Cyanophyceae and Chlorophyceae within the context 
of phytoplankton functional groups (Reynolds et al., 
2002; Padisák  et  al., 2009). Although these two 
groups of algae are taxonomically distinct, species 
from both can be classified into functional groups 
that share similar ecological strategies, particularly 
with regard to nutrient acquisition and tolerance 
of higher temperatures. This functional similarity, 
driven by environmental filtering, likely explains 
their coexistence under comparable environmental 
conditions, a phenomenon that has also been observed 
in other aquatic ecosystems (Almanza et al., 2016).

The presence of Zygnematophyceae was recorded 
at higher densities during the rainy season, indicating 
that water characteristics strongly influence their 
occurrence. This group is generally associated 
with dystrophic lakes with a pH lower than 7, or 
oligotrophic lakes, which favour their populations 
(Brook, 1981). During this period, the most frequent 
genus in this group was Cosmarium Corda ex Ralfs, 
of which 650 species have already been recorded in 
Brazil (Biolo & Bicudo, 2018). Furthermore, the 
presence of these organisms in lakes may be linked to 
the release of inocula during rainfall, which favours 
these microalgae as many are common components 
of periphyton (Cavati & Fernandes, 2008).

The frequency of occurrence results reveals 
the well-documented pattern observed in several 
studies where the number of rare species is higher, 
particularly in larger datasets (Magurran & 
Henderson, 2003). In the context of our study, 
this high proportion of rare taxa possibly reflects 
elevated beta diversity among lakes, particularly 
during the dry season. This would reinforce the 
trend of greater dissimilarity observed in the PCoA. 
Meanwhile, ecosystem functioning is expected to 
be strongly influenced by dominant and frequent 
taxa as they represent the largest proportion of total 
abundance and biomass (Grime, 1998). Among 
the indicator species recorded during the rainy 
season, Eucapsis densa Azevedo, Sant’Anna, Senna, 
Komárek & Komárková, Aphanocapsa elachista 
West & G.S. West, and Oocystis lacustris Chodat 
are characterized by forming large mucilaginous 
colonies. Additionally, their low surface-to-
volume ratio (S/V) makes them more susceptible 
to environments with limited resources (Kruk & 
Segura, 2012). The presence of mucilage may also 
confer important ecological advantages, particularly 

during the rainy season when the water column 
is more intensely mixed and diluted. Under these 
conditions, colonial forms surrounded by mucilage 
may be favoured as this trait increases resistance to 
turbulence and provides protection against strong 
mechanical stress (Liu et al., 2019).

In contrast, Synechocystis aquatilis Sauvageau, 
also recorded during this period, is described as 
having a smaller size and belonging to the group of 
R-strategist organisms, which are efficient in resource 
acquisition and exhibit high growth rates even in 
environments with lower nutrient concentrations 
(Kruk & Segura, 2012). Medium-sized species 
without specialized traits were also recorded, with 
Acanthosphaera zachariasii Lemmermann indicating 
the rainy season and Tetraëdron minimum f. trigonum 
W. Krieger indicating the dry season. These organisms 
are better adapted to survive in environments with 
better water quality or during transitional stages of 
the ecosystem (Kruk & Segura, 2012).

We recorded Euglena Ehrenberg and Cryptomonas 
Ehrenberg as indicators of the dry season. These 
organisms are typically found in small bodies of 
water and are known for their ability to tolerate 
low light conditions (Reynolds et al., 2002; Kruk & 
Segura, 2012). This is consistent with the higher 
turbidity values recorded during this period. Both 
species are considered opportunistic because they 
have heterotrophic potential and are characterized 
by high resilience and tolerance to a wide range 
of environmental conditions (Burkholder  et  al., 
2008). This strategy may therefore be important 
in aquatic ecosystems with low light levels due 
to low water levels and high inorganic turbidity, 
even if nutrient concentrations are high. This trait 
provides an adaptive advantage in environments 
with limiting conditions, especially during dry 
periods (Costa et al., 2019).

Finally, this study demonstrated that environmental 
variability associated with hydrological periods of 
drought and rainfall influences the structure of 
phytoplankton communities in tropical urban 
lakes. During the dry season, greater variability in 
environmental conditions was observed between 
the lakes, particularly with regard to higher 
concentrations of nutrients, electrical conductivity, 
and turbidity. This heterogeneity favored different 
phytoplankton species, as well as species with 
different adaptive strategies, in the lakes. The 
high proportion of rare species, variation in 
density, and presence of distinct taxonomic groups 
across time periods underscore the importance 
of continuous monitoring of these ecosystems. 
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Our results suggest that hydrological variability plays 
a structuring role in urban lakes and phytoplankton 
communities. Monitoring local environmental 
variables in conjunction with phytoplankton species 
can effectively evaluate the ecological integrity 
of these systems and inform management and 
conservation strategies in urban areas.
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