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Environmental variability drives the spatial and temporal beta diversity 
of phytoplankton in a tropical reservoir
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Abstract: Aim: The aim of this study was to evaluate the local contribution of phytoplankton 
to beta diversity across space and time in a reservoir in central-western Brazil, and its relationship 
with environmental filters.  Methods: We sampled phytoplankton and environmental variables over 
three months of drought and three months of rainfall at seven sampling sites along the main axis of 
the João Leite Reservoir, Goiás, Brazil. We used Euclidean distance to calculate spatial and temporal 
environmental heterogeneity. We applied the Local Contribution to Beta Diversity (LCBD) index 
and the Temporal Beta Diversity (TBI) index.  Results: Principal Component Analysis revealed a 
clear separation between lotic and lentic environments. A longitudinal gradient of environmental 
heterogeneity was formed in the reservoir. The local contribution to beta diversity was primarily 
structured by species turnover rather than richness differences. Through TBI values, we observed the 
influence of seasonality, leading to a trend of declining species diversity from the dry to the rainy period. 
Using Beta Regression, we found a significant relationship between environmental heterogeneity and 
LCBD values, particularly in the species turnover component. For TBI, we identified a significant 
relationship with temporal environmental heterogeneity between the last month of drought and the 
first month of rainfall.  Conclusions: Therefore, it is essential to consider different spatial and temporal 
scales when monitoring diversity in reservoirs, as ecosystems may encompass varying characteristics 
that influence the provided ecosystem functions and services.
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Okkan  et  al., 2023) and to the hydrological 
regime prevailing in the basin (Zeng et al., 2026). 
Phytoplankton, for instance, is a community 
composed of various organisms that live in 
suspension within the water column, exhibiting 
a high diversity of species with a range of 
morphological and functional characteristics, as 
well as adaptive strategies (Litchman & Klausmeier, 
2008; Brasil & Huszar, 2011; Naselli-Flores et al., 
2021). This community changes in response to the 
environmental gradient within reservoirs, as spatial 
and temporal heterogeneity act as environmental 
filters, facilitating new possibilities for niche 
occupation (Rodrigues et al., 2018; Bortolini et al., 
2020; Santos et al., 2021; Vieira da Silva et al., 2022).

Over the years, various analytical tools have 
been developed and used to assess changes in 
ecological communities. Diversity indices have 
been introduced to examine spatial and temporal 
patterns (Anderson  et  al., 2011). Beta diversity, 
for instance, evaluates the dissimilarity between 
communities across different locations, considering 
species richness and abundance (Baselga, 2010; 
Soininen et al., 2018). One of the methods is the 
Local Contribution to Beta Diversity (LCBD), 
which aims to identify sites with unique species 
compositions that make the most significant 
contributions to beta diversity (Legendre & De 
Cáceres, 2013). This index can be used to examine 
species substitution, as well as differences in 
richness and abundance, and to assess their roles 
in shaping the spatial structure of communities, 
thus linking these patterns to environmental 
variables (Lopes et al., 2011; Moura et al., 2022). 

1. Introduction

The growth of the global population, particularly 
in urban centers, has increased the demand for 
resources to meet human needs. In this context, 
dam construction and reservoir formation have 
expanded globally (Zarfl et al., 2015; Carneiro & 
Bini, 2020; Li  et  al., 2023). These systems serve 
various purposes, including energy generation, 
water storage, fisheries production, recreation, and 
other uses (Tundisi et al., 2008). However, reservoir 
construction disrupts the natural lotic flow of rivers, 
creating a longitudinal gradient in physicochemical 
variables. This gradient arises primarily from 
changes in sedimentation dynamics and light 
penetration patterns (Thornton  et  al., 1991), as 
well as from reduced natural connectivity within 
and between lotic systems (Ward & Stanford, 1983).

Additionally, in tropical reservoirs, water 
level fluctuations play a crucial role in shaping 
ecosystem dynamics, as droughts and rainfall events 
can significantly impact the quantity and quality 
of water resources (Deus  et  al., 2013; Li  et  al., 
2018; Ning  et  al., 2026). Rainfall runoff carries 
landscape-derived substances into rivers, increasing 
reservoir volume while shorting water residence 
time, and promoting homogenization. At the same 
time, suspended particles reduce light penetration. 
Together, these processes drive seasonal variability 
in species composition (Rodrigues  et  al., 2009; 
Xu et al., 2023).

Thus, aquatic biodiversity in reservoirs is 
subject to spatial factors related to the reservoir 
formation (Moura  et  al., 2021; Trindade  et  al., 
2021; Arcifa  et  al., 2023; Sirunda  et  al., 2023; 

Resumo: Objetivo: O objetivo deste estudo foi avaliar a contribuição local do fitoplâncton para 
a diversidade beta ao longo do espaço e do tempo em um reservatório no centro-oeste brasileiro e sua 
relação com os filtros ambientais. Métodos: Amostramos o fitoplâncton e variáveis ambientais durante 
três meses de seca e três de chuva em sete locais de amostragem no eixo principal do reservatório 
João Leite, Goiás, Brasil. Utilizamos a distância euclidiana para calcular a heterogeneidade ambiental 
espacial e temporal. Aplicamos o índice de contribuição local das espécies para a diversidade beta 
(LCBD), e o índice de Diversidade Beta Temporal (TBI).  Resultados: A Análise de Componentes 
Principais mostrou uma clara separação entre os ambientes lóticos e lênticos. Houve a formação de 
um gradiente longitudinal na heterogeneidade ambiental do reservatório. A contribuição local para 
a diversidade beta foi mais estruturada pelos componentes de substituição de espécies do que o de 
diferenças de riquezas. Através dos valores de TBI observamos a influência da sazonalidade, ocasionando 
uma tendência de perda de diversidade de espécies do período seco para o chuvoso. Utilizando a Beta 
Regressão, nós encontramos uma relação significativa entre a heterogeneidade ambiental e os valores 
de LCBD, principalmente no componente de substituição de espécies. Para o TBI, nós encontramos 
uma relação significativa com a heterogeneidade ambiental temporal entre o último mês de seca e o 
primeiro da chuva.  Conclusões: Portanto, é essencial considerarmos as diferentes escalas espaciais e 
temporais para o monitoramento da diversidade em reservatórios, onde um ecossistema pode abranger 
diferentes características, influenciando as funções e serviços ecossistêmicos fornecidos.

Palavras-chave: diversidade beta; barragem; LCBD; gradiente longitudinal; algas planctônicas.



3	 Environmental variability drives…	

Acta Limnologica Brasiliensia, 2026, vol. 38, e17

The LCBD index has proven to be a valuable tool for 
investigating species dynamics at the local level, 
contributing to understanding various biological 
communities and informing conservation strategies 
(Soininen et al., 2018). Moreover, evaluating temporal 
trends within communities enables examining species 
gains and losses at specific sites over time. This 
method, known as Temporal Beta Diversity (TBI), 
effectively detects both natural and human-induced 
changes in ecosystems (Legendre, 2019) and is an 
essential tool for assessing community variability 
in reservoirs. Thus, some studies have incorporated 
temporal assessments of diversity to better capture 
community change patterns in reservoirs over time 
(Zanon et al., 2024), particularly in sites subject to 
major seasonal hydrological variations (Ortega et al., 
2021; Pereira et al., 2024; Vieira et al., 2026).

This study aimed to assess the spatio-temporal 
factors influencing phytoplankton beta diversity 
along the lotic-lentic gradient in a tropical water 
supply reservoir. Understanding the spatial and 
temporal organization of communities is crucial for 
conserving biodiversity, comprehending ecosystem 
functioning, and ensuring the provision of ecosystem 
services by reservoirs. Our first hypothesis posited 
that spatial environmental heterogeneity, resulting 

from the distinct zones within the reservoir, would 
affect phytoplankton species composition, leading 
to distinct sites with significant contributions 
(i.e., high LCBD values) to beta diversity. Our 
second hypothesis addressed the temporal factor, 
proposing that temporal heterogeneity, driven 
by the directional hydrological regime, would 
significantly influence phytoplankton beta diversity 
by impacting species turnover (i.e., loss or gain of 
species, as measured by TBI). Thus, we anticipated 
a greater gain of species during the dry season due 
to increased environmental heterogeneity, followed 
by a reduction in diversity during the rainy season, 
driven by environmental homogenization.

2. Material and Methods

2.1. Study area

The study was conducted at the João Leite 
Reservoir in the Goiás state, Brazil (Figure 1). It is part 
of the Mauro Borges/João Leite system, responsible for 
approximately 60% of the water supply to Goiânia, 
and neighboring cities (Goiás, 2021). The reservoir 
covers an area of approximately 10.4 km2, has a length 
of 15 km, and a mean width of 800 meters, reaching 
a depth of 36 meters near the dam.

Figure 1. Map of the sampling sites along the João Leite reservoir, Goiás, Brazil.
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The surrounding region has 30% native vegetation 
cover, while at least 60% of the landscape is impacted 
by livestock farming (Carneiro  et  al., 2010). The 
climate in the region is predominantly tropical, with 
well-defined dry and rainy periods. The rainy season 
(October to March) is characterized by heavy rainfall 
and high temperatures, whereas the dry season 
(April to September) is milder, with lower mean 
temperatures and no rainfall (Costa  et  al., 2012; 
Cardoso et al., 2014).

To capture the environmental heterogeneity of 
the various regions of the reservoir, we established 
seven sampling sites along its spatial extent. So, we 
included the downstream of the dam, classified as 
lotic (S1), the lentic region (S2, S3, S4, S5, S6), and 
the lotic region (S7).

2.2. Sampling and analysis of the phytoplankton community 
and abiotic variables

Sampling was conducted during July, August, 
and September of the dry season in 2018 (N = 21) 
and in December 2018, January, and February 
2019 during the rainy season (N = 21). At each 
sampling site, water temperature (WT, °C), pH, 
electrical conductivity (Cond, µS/cm), and turbidity 
(Turb, NTU) were measured using portable digital 
potentiometers. Dissolved oxygen concentrations 
(DO, mg L−1) were measured using the titration 
method described in APHA (2017). Concentrations 
of soluble iron (SI, mg L−1), total iron (TI, mg L−1), 
and total phosphorus (TP, mg L−1) were measured 
using the methodologies proposed in APHA (2017). 
Dissolved inorganic nitrogen (DIN) forms were 
obtained by summing the concentrations of nitrite, 
nitrate, and ammoniacal nitrogen (mg L−1), as 
described by Soares et al. (2008). Precipitation data 
(mm) for the reservoir area were provided by the 
Companhia Saneamento de Goiás S/A (Saneago).

Phytoplankton samples were collected directly 
from the subsurface of the limnetic region at each site 
using bottles. The samples were immediately fixed in 
situ with acetic lugol solution (Bicudo & Menezes, 
2017). Phytoplankton density was estimated using 
an inverted microscope (Olympus CKX41 model 
at 400x magnification), following the Utermöhl 
method (Utermöhl, 1958), with random field 
counts. Phytoplankton density was expressed in 
individuals (cells, cenobia, colonies, or filaments) 
per milliliter (ind. mL−1), considering the forms in 
which cyanobacteria and algae occurred in nature. 
Species richness was defined as the total number of 
taxa present in each sample.

The taxa were classified, whenever possible, 
to the lowest taxonomic level (genus or species), 

according to the classification system presented by 
Bicudo & Menezes (2017) and Guiry & Guiry 
(2023). The identified taxa were organized based on 
their characteristics. These groups were as follows: 
Green Algae (Chlorophyceae, Trebouxiophyceae, 
Klebsormidiophyceae); Flagellated Green Algae 
(Pedinophyceae, Prasinophyceae, Nephrophyceae); 
Cyanobacteria (Cyanobacteria);  Desmids 
(Zygnematophyceae); Diatoms (Bacillariophyceae, 
Coscinodiscophyceae, Mediophyceae); Phytoflagellates 
(Cryptophyceae, Euglenophyceae, Chrysophyceae, 
Dinophyceae).

2.3. Beta diversity and data analysis

For the spatial scale, we used the calculation of 
local contribution to beta diversity (LCBD), where 
we applied the Hellinger transformation to obtain 
presence-absence data and utilized the function 
beta.div (Legendre & De Cáceres, 2013). To 
evaluate whether the LCBD values of the sampled 
sites in each of the months of both hydrological 
periods were more structured by species substitution 
or differences in species richness, we used the LCBD.
comp function, which partitions the components 
of substitution (BDrepl) and richness difference 
(BDdiff) (Legendre, 2014).

For the temporal scale, we applied the Temporal 
Beta-diversity Index (TBI) proposed by Legendre 
(2019), using the TBI function based on species 
richness and employing the Sørensen transformation 
to define the distance matrix based on presence 
and absence. The values were calculated using the 
percentage difference method (Diff%). For this 
analysis, we considered the values of the three months 
of each sampled hydrological period. We performed 
the analysis month by month and compared the first 
month of the dry period (T1) to the last month of 
the rainy period (T2).

We conducted a Principal Component Analysis 
(PCA) for the environmental data to visually 
order and compare the differences between the 
sampled sites and periods based on environmental 
variables. Additionally, we conducted a variance 
analysis (ANOVA) for each environmental variable 
across reservoir regions and hydrological periods 
to assess environmental gradients and the effect 
of seasonality. Environmental heterogeneity was 
initially calculated by transforming the variables 
(except pH) into a natural logarithmic scale. 
Then, using the decostand function, the Euclidean 
distance was calculated for each of the seven sites 
for each month. We calculated the mean distance 
for each site with the matrix containing the 
Euclidean distances from each site to the others. 
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Temporal environmental heterogeneity was also 
calculated for each month, considering the same 
transformed data and the Euclidean distance between 
months was measured as follows:

( )2- , ,=1= -p
jul aug jul k aug kkEV Y Y√Σ  	 (1)

Yjul e Yaug represents the values previously 
transformed into logarithms for the K environmental 
variables collected in July and August, respectively. 
We analyzed variance, first considering the temporal 
environmental heterogeneity between July and 
February and then evaluating the month-to-month 
differences. Lastly, a variance analysis was performed 
considering the sites (lotic and lentic) for each 
month as variables to detect potential differences, 
thus forming an environmental gradient.

Finally, using the betareg function, we performed 
beta regression analyses between the LCBD values 
and their components (BDrepl and BDdiff) and the 
mean Euclidean distance of environmental variables 
for each hydrological period (Cribari-Neto & 
Zeileis, 2010). The same procedure was applied 
using the TBI values from month to month and 
between the first and last month.

All analyses were conducted using the R software 
(R Development Core Team, 2021) with the packages 
Adespatial (Dray et al., 2018), BiodiversityR (Kindt 
& Coe, 2005), CAR (Fox, 2007), FactoMineR 
(Husson et al., 2016), Ggplot2 (Wickham & Chang, 
2016), ISwR (Dalgaard, 2020), and Vegan (Oksanen, 
2019). The visualization graph of the study area was 
created using the open-source software QGIS (QGIS 
Development Team, 2024).

3. Results and Discussion

3.1. Environmental variability in the reservoir

Dur ing  the  dr y  pe r iod ,  the  h ighes t 
precipitation record occurred in September 2018, 
with 20.9 mm, and the mean precipitation for 
the period was 18.6 mm (INMET, 2024). The 
recorded temperatures had a mean of 23.4°C, 
with a minimum of 11.4°C and a maximum 
of 38.5°C (Table  1). In contrast, the rainy 
period was characterized by high precipitation 
values, with the highest recorded in February 
2019, amounting to 97.6 mm, and the mean 
for the entire period was 128.7 mm. The mean 
temperature during the rainy period was 24.5°C, 
with a minimum of 18.2°C and a maximum of 
37.0°C (INMET, 2024).

Evidence based on PCA, allows us to observe 
the expected environmental gradient between 
lotic and lentic sites across the reservoir, 
consistent across both hydrological periods 
(Figure 2). The sites sampled in the lentic region 
during the dry and rainy periods were positioned 
on the left side of the diagram, showing a stronger 
association with pH, water temperature, and 
DO. Conversely, the lotic region sites exhibited 
a distinct separation from the other locations, 
influenced primarily by turbidity and nutrients, 
such as total iron and soluble iron during the 
rainy season and total phosphorus and dissolved 
inorganic nitrogen during the dry season. This 
pattern is supported by the ANOVA among 
reservoir regions (Table 1), indicating significant 
differences in most environmental variables, 
except TP, DO and conductivity.

Table 1. Mean, coefficient of variation (CV) and ANOVA results for environmental variables across different reservoir 
regions, hydrologic periods and interaction. 

Lotic Lentic AOV local AOV period Interaction
Mean Mean

F p F p F p
(CV - %) (CV - %)

pH 6.820 (5) 7.45 (3.9) 6.253 0.017 0.728 0.40 0.385 0.539

WT 23.67 (10.9) 23.06 (2.6) 4.190 0.048 54.34 0.000 0.749 0.393

Turb 9.5 (185.7) 2.45 (23.2) 11.60 0.002 2.374 0.132 5.632 0.023
SI 0.42 (85.8) 0.015 (260) 5.589 0.024 0.212 0.648 1.061 0.31

TI 1.16 (115.8) 0.175 (45.3) 10.895 0.003 0.525 0.474 3.434 0.072

TP 0.043 (91.1) 0.026 (63.8) 0.011 0.917 3.320 0.077 0.989 0.327

DIN 0.428 (41.2) 0.334 (38.5) 6.169 0.018 4.117 0.049 1.680 0.203

Cond 114 (7.2) 108.4 (1.9) 0.593 0.446 6.466 0.016 0.040 0.842

DO 7.25 (17.2) 7.110 (12.2) 0.123 0.728 0.474 0.495 0.038 0.847

Significant values are highlighted in bold.
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The formation of reservoirs is a process 
that extends the water retention time, altering 
environmental characteristics and directly impacting 
nutrient cycling and sedimentation processes 
(Teodoru & Wehrli, 2005). However, these 
characteristics are not uniform, and the original 
conditions of the river are maintained in the zones 
preceding the reservoir and change as it approaches 
the dam. Therefore, the environmental gradient 
among reservoir regions drives the distribution of 
the species assemblage (Rodrigues et al., 2018).

The rainfall regime in the João Leite reservoir 
basin was previously explored by Santos and 
colleagues (2011), highlighting its importance 
for maintaining the basin, given its significance 
for water supply. It is known that this dynamic 
of environmental variables significantly affects 
the aquatic communities within this context 

(Simões et al., 2015; do Nascimento et al., 2022). 
Particularly for phytoplankton, the effects of 
rainfall dynamics on this community have been 
reported in the literature (Zeng  et  al., 2026; 
Klotz  et  al., 2026) and specifically, in the João 
Leite basin (Moura et al., 2021; Santos et al., 2021; 
Trindade et al., 2021; Pereira et al., 2026). However, 
other studies have reported that the temporal factor 
is a weak predictor of the variability observed in 
phytoplankton (Lopes  et  al., 2011; Padial  et  al., 
2014), possibly due to the geographic location of the 
studied sites, where seasonality is not as pronounced 
as in the region of our study.

3.2. Phytoplankton community distribution in the reservoir

We recorded a total of 161 phytoplankton 
taxa ,  d i s t r ibuted  among the  fo l lowing 
groups: diatoms (Bacillariophyceae – 55 taxa; 

Figure 2. Principal Component Analysis (PCA) illustrates the dissimilarity of sites based on environmental variables 
throughout the hydrological periods in the João Leite reservoir, Goiás, Brazil. WT – water temperature; DO – 
dissolved oxygen; Turb – turbidity; Cond – conductivity; TI – total iron; TP – total phosphorus; SI – soluble iron; 
DIN – dissolved inorganic nitrogen)
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Coscinodiscophyceae – 4 taxa; Mediophyceae – 
2 taxa), green algae (Chlorophyceae – 36 taxa; 
Trebouxiophyceae – 5 taxa; Klebsormidiophyceae – 
1 taxon), cyanobacteria (Cyanobacteria – 41 taxa; 
Chamesiphonomaceae – 1 taxon), phytoplankton 
flagellates (Cryptophyceae – 10 taxa; Euglenophyceae – 
10 taxa; Chrysophyceae – 6 taxa; Dinophyceae – 1 
taxon), flagellated green algae (Pedinophyceae – 2 
taxa; Prasinophyceae – 2 taxa; Nephrophyceae – 2 
taxa), and desmids (Zygnematophyceae – 5 taxa). 
The genera Planktolyngbya Anagnostidis & Komárek, 
Snowella Elekin, and Cyanodictyon Pascher were 
abundant throughout the dry season. During the 
dry season, the genera Monoraphidium Komárková-
Legnerová and Navicula Bory exhibited the highest 
number of species recorded, with seven taxa each. 
In contrast, during the rainy season, the genera 
Cryptomonas Ehrenberg and Planktolyngbya were 
found at all sites and in all months.

The lentic region exhibited higher richness 
values than the lotic region (Figure  3). During 
the rainy season, the lotic region showed lower 
richness values than the other sites (Figure 3). When 
evaluating the groups individually, the diatoms 
contributed significantly more to the lotic sites 
than to other sites (Figure 4A). Green algae were 
found in this region and the lentic sites (S4 and S5). 
Cyanobacteria consistently had high richness values 
throughout the reservoir, except in the lotic region 
(Figure 4A). Phytoplankton flagellates exhibited a 
pattern similar to that of cyanobacteria.

For total density, the highest values were 
recorded at the sites in the lentic region (S4, S6, 

S2, and S3), while the lowest values were observed 
in the lotic region (S7) (Figure  3). Throughout 
both periods, cyanobacteria distributed high-
density values along the entire longitudinal axis of 
the reservoir, with lower values in the lotic region 
(Figure 4B). Despite the high richness in the lotic 
region, diatoms showed low-density values across 
the entire reservoir. Phytoplankton flagellates 
exhibited low density throughout most of the 
reservoir, except at site S6. Green algae displayed 
a similar pattern, with exceptionally high density 
at site S5.

Cyanobacteria were consistent in the lentic 
region, exhibiting high density, and were considered 
a common group in reservoirs, as reported in 
previous studies (Bortolini et al., 2017; Moura et al., 
2021; Liao  et  al., 2024). Cyanobacteria have 
a greater affinity for nutrients and stable water 
column conditions, which may explain their 
higher abundance in this region (Padisák  et  al., 
2009). In water supply reservoirs, the presence 
of cyanobacteria warrants attention due to the 
potential for blooms of problematic species that 
can affect public health, as has occurred in the 
Brazilian semi-arid region (Santos Silva  et  al., 
2020). In addition to cyanobacteria, green algae 
were prominent throughout the lentic region, 
which is expected due to their adaptability to 
lacustrine environments with high light availability 
(Reynolds et al., 2002).

The diatom group was notably more abundant 
in the lotic region than in other sites. Their siliceous 
structure enables them to endure water turbulence, 

Figure 3. Total density (A) and total richness (B) of the species found across the sites in the João Leite reservoir 
(Goiás, Brazil) during both hydrological periods.
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making them well-suited for environments 
with high turbidity and electrical conductivity 
(Reynolds, 1997). Similar results have been found 
in other studied reservoirs, such as the cascade 
reservoir complexes in the Paraná River basin 
(Bortolini et al., 2017) and in Capivari and Segredo 
reservoirs (Borges  et  al., 2008). Furthermore, 
phytoplankton flagellates were also significant in 
the lotic regions, as they are organisms with plastic 
characteristics that allow them to occupy different 
niches and resist water turbulence (Reynolds, 1997).

3.3. Local contribution to beta diversity

The LCBD values observed along the axis of the 
reservoir and during the analyzed months (Figure 5) 
indicated a higher local contribution during the 
dry period, particularly in the lotic regions (S1 and 
S7). During this period, BDrepl had the greatest 
contribution to beta diversity in the lotic region 
(S7), while BDdiff contributed more to the other 
sites. In contrast, during the rainy season, the 
richness difference component had the greatest 
influence in the lotic regions (S7 and S1) and the 
lentic region at site S5.

Despite high values of the BDdiff component 
at specific points, BDrepl remained constant 
throughout the reservoir and the months, the main 
component shaping beta diversity. The BDrepl 
makes sense when viewed in light of environmental 
heterogeneity, which was statistically significant, 
particularly during the dry months. During 
the rainy season, however, the high influx of 

allochthonous substances alters the characteristics, 
potentially leading to a homogenization process 
that reduces environmental heterogeneity across 
the reservoir. Different environmental conditions 
along the reservoir act as filters, selecting species 
and shaping the community. This mechanism is 
particularly important in hydrologically connected 
environments, which receive a continuous influx of 
new species (Padial et al., 2014).

The beta regression models between the 
LCBD values and environmental heterogeneity 
showed a significant relationship for July 
(pseudo-R2 = 0.890), December (pseudo-R2 = 
0.737), and January (pseudo-R2 = 0.469) (Table 2). 
During these months, there was also a significant 
difference in the environmental variables along 
the reservoir (p < 0.05). For BDrepl values, 
environmental heterogeneity influenced the 
months of July (pseudo-R2 = 0.832) and December 
(pseudo-R2 = 0.520) (Table 3). Finally, the BDdiff 
component was most influenced by environmental 
heterogeneity in December (pseudo-R2 = 0.392) 
(Table 4).

Diversity metrics were key to understanding 
community ecology and its relationship with 
environmental conditions in the reservoir. In our 
study, the species replacement component drove 
local beta diversity and responded to environmental 
heterogeneity. These results are consistent with 
previous studies, such as those conducted in eight 
reservoirs across various watersheds (Santos et al., 2016) 
and in the João Leite reservoir (Pereira et al., 2026). 

Figure 4. Distribution of the mean richness (A) and density (B) of the main phytoplankton groups found along the 
João Leite reservoir (Goiás, Brazil) during the two evaluated hydrological periods.
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Figure 5. LCBD values and their components of species substitution and richness difference along the sampling 
points in the João Leite reservoir (Goiás, Brazil) during the dry and rainy periods (DD – decimal degrees).

Table 2. Values of the coefficients from the beta regression between the values of local contribution to beta diversity 
and environmental heterogeneity, along with the analysis of variance of heterogeneity across sites for the months of 
both hydrological periods. 

Estimate value Standard error Z value Significance (p) Pseudo-R2 ANOVA
F p

July 0.566 0.058 9.795 <0.001 0.890 9.834 0.026
August 0.049 0.213 0.232 0.816 0.012 0.044 0.842

September 0.343 0.252 1.363 0.173 0.274 15.4 0.011
December 0.158 0.029 5.435 <0.001 0.737 5.164 0.072
January 0.233 0.100 2.315 0.020 0.469 30.9 <0.001
February 0.064 0.134 0.479 0.632 0.034 0.003 0.96

Significant values are highlighted in bold.

Table 3. Coefficients from the beta regression between species replacement values from LCBD and environmental 
heterogeneity for the months of both hydrological periods. 

Estimate value Standard error Z value Significance (p) Pseudo-R2

July 0.804 0.102 7.852 <0.001 0.832
August 0.116 0.234 0.493 0.622 0.055

September 0.150 0.347 0.433 0.665 0.044
December 0.120 0.039 3.087 0.002 0.520
January 0.084 0.120 0.697 0.486 0.079
February -0.017 0.165 -0.099 0.922 0.002

Significant values are highlighted in bold.
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Furthermore, we observed that during the dry 
period, LCBD values were higher compared to the 
rainy period, possibly due to greater environmental 
heterogeneity during this time, allowing species 
to coexist with different ecological niches. The 
influence of environmental heterogeneity has been 
previously observed in tropical reservoirs in other 
studies (Moura et al., 2022; Pereira et al., 2026). 
Some sites were more affected by the BDdiff 
component. However, the abiotic data could not 
explain the source of this variation (except in 
December) according to the beta regression.

The lotic region exhibited low organism density, 
which can be attributed to the short water retention 
time (Borges  et  al., 2008) and high turbidity 
(Carneiro et al., 2014), both considered limiting 
factors for phytoplankton growth. However, 
this region showed the highest mean values of 

environmental heterogeneity and contributed the 
highest LCBD values, especially with the species 
replacement component, almost every month. 
Understanding this premise, we realize that the lotic 
region, by preserving unique characteristics distinct 
from other reservoir areas, ultimately selects for a 
different species composition.

3.4. Temporal beta diversity

The temporal beta diversity in the reservoir between 
July and February showed a mean difference between 
gains and losses of 0.624 (t-test = 2.12; p < 0.05). 
The sites showed a trend of species richness loss from 
the dry to the rainy season (Figure 6), with only site 
S2 showing a gain in species, while site S1 exhibited 
the greatest species loss (D = 0.886). The temporal 
environmental heterogeneity for these dry and rainy 
months differed significantly (F = 14.93; p < 0.05). 

Table 4. Coefficients from the beta regression between richness difference values from LCBD and environmental 
heterogeneity for the months of both hydrological periods. 

Estimate value Standard error Z value Significance (p) Pseudo-R2

July -0.585 0.510 -1.147 0.251 0.263
August -0.694 0.372 -1.865 0.063 0.400

September 0.150 0.347 0.433 0.665 0.044
December 0.351 0.115 3.055 0.002 0.392
January 0.538 0.334 1.607 0.108 0.136
February 0.358 0.351 1.019 0.308 0.077

Significant values are highlighted in bold.

Figure 6. Temporal beta diversity showing the sites that gained (square) and those that lost (circle) species found 
across the sites in the João Leite Reservoir (Goiás, Brazil) during both hydrological periods.
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However, its relationship with temporal beta 
diversity was not significant (pseudo-R2 = 0.216; 
p > 0.05) (Table 5). Regarding the variance analyses 
of temporal environmental heterogeneity month by 
month, the comparisons between the dry months 
(July–August, August–September, and September–
December) were more significant than the rainy 
months (Table  5). However, when evaluating its 
relationship with temporal beta diversity, only 
between the end of the dry period and the start 
of the rainy period (September and December) 
was there a significant effect of environmental 
heterogeneity.

The reflection of the effects of the hydrological 
regime can be perceived through temporal beta 
diversity, where a trend of species loss between 
the hydrological periods was observed. Although 
this was not statistically significant, we can 
infer that, in addition to the direct influence of 
seasonality on the community, there is a tendency 
toward homogenization due to rainfall. Thus, 
the hydrological regime may indirectly select 
species that can adapt to changes in abiotic 
conditions. Other studies have explored the 
relationship between rainfall regimes and species 
loss in aquatic environments (Sampaio et al., 2023; 
Vieira et al., 2026). There is also some evidence that 
environmental variability increases diversity and 
species gain over time (Pereira et al., 2024).

4. Conclusion

In light of our results, it was possible to highlight 
the influence of the spatial environmental gradient 
and temporal variability on phytoplankton beta 
diversity. Furthermore, the species replacement 
component, linked to environmental heterogeneity, 
was the main factor in structuring beta diversity 
in the reservoir’s phytoplankton. Additionally, 
heterogeneity along the longitudinal gradient was 
an important factor in the distribution of taxonomic 
groups. Finally, through the temporal variation of 

beta diversity, a trend of species loss was detected 
across the hydrological periods. Therefore, this study 
contributed to the understanding of the effects of 
environmental variability on phytoplankton in a 
tropical reservoir, emphasizing the importance of its 
monitoring, particularly in water supply reservoirs, 
which play a crucial role in the economy and well-
being of local populations, serving as important 
providers of ecosystem services.
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