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Abstract: Zooplankton is an important community in aquatic ecosystems due to its linkage
between primary producers and secondary consumers also playing a key role in cycling of organic
materials. Aim: Therefore, our objective was to evaluate the effects of physicochemical variables of
the water on the diversity of zooplankton community in seven tropical shallow lakes of Brazilian
savannah. Methods: Zooplankton samples were taken using a bucket and filtered 200 L by a
64 pm-mesh-plankton-net, and preserved for subsequent identification. Water temperature, dissolved
oxygen, pH, electrical conductivity, turbidity, chlorophyll-z, ammonium, nitrate, nitrite, total
phosphorus, and soluble reactive phosphorus were measured. Results: The turbidity (decreases the
temperature, luminosity and the system productivity) and ammonium (increases the toxicity) values
were the major factors responsible for structuring the zooplankton community. On the other hand,
also nitrogen and phosphorus (increase the productivity) are limiting in savannah lentic systems
for the zooplankton. The higher o diversity was positively associated with aquatic macrophytes
(increase of niches and refuge), whereas lakes with geographic proximity increase the similarity in
species composition, decreasing the B diversity. Conclusions: We conclude that the deterministic
processes (niche theory), due to species have different ecological requirements, are different responses
to environmental gradients and increase the diversity in heterogenic lentic systems.
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Resumo: O zooplancton ¢ uma comunidade importante nos ecossistemas aqudticos por ser
o elo entre os produtores primdrios e os consumidores secunddrios, além de desempenharem um
papel fundamental no ciclo de materiais orginicos. Objetivo: Nosso objetivo foi avaliar os efeitos
das varidveis fisicas e quimicas da 4gua na diversidade de zooplancton em sete lagoas rasas tropicais
da savana brasileira. Métodos: As amostras de zooplancton foram coletadas usando balde e filerando
200 litros em rede de plancton com abertura de 64 pm, e preservadas para posterior identificacio.
A temperatura da dgua, oxigénio dissolvido, pH, condutividade elétrica, turbidez, clorofila-a, aménio,
nitrato, nitrito, fésforo total, fésforo reativo soltvel, cobertura de macréfita da lamina d’dgua foram
obtidos. Resultados: A turbidez (a0 diminui a temperatura, a luminosidade e a produtividade do
sistema) e os valores de amonio (por aumenta a toxicidade) foram os principais fatores responséveis pela
estruturacio do zooplancton. Por outro lado, o nitrogénio e o fésforo (por aumentar a produtividade)
sdo limitantes para o zooplancton nos sistemas lénticos de savana. A maior diversidade o foi associada
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positivamente com macréfitas aqudticas (devido ao aumento de nichos e refagio), enquanto que
lagos com maior proximidade geografica aumentou a similaridade na composigio das espécies, e
diminuindo a diversidade de 3. Conclusdes: Os processos deterministicos (teoria do nicho), por haver
muitas espécies com diferentes requisitos ecoldgicos, apresentaram respostas diferentes aos gradientes
ambientais e foram responsdveis por aumento da diversidade em sistemas léntico mais heterogénios.

Palavras-chave: diversidade o; diversidade f3; nutrientes; heterogeneidade de habitag; sistemas [énticos.

1. Introduction

Tropical wetlands have played an important
role for human commodities such as water
storage, ground water recharge, water purification,
recreation and ecotourism (Dudgeon et al., 2006;
Allan, 2007). The wetlands have a large number
of niches and higher species richness, due to
its productivity comparable to rainforests and
coral reefs (Kumar et al., 2011). However, the
aquatic ecosystems face several environmental
impacts (Xiong et al., 2016), mostly generated
by anthropogenic activities, leading to changes in
the physical habitat and jeopardizing biodiversity
(Allan, 2004, 2007). This highlights the importance
of its study to understand the functioning of
these ecosystems and help in public policies for
biodiversity conservation in lentic systems, such as
shallow lakes.

Shallow lakes represent a common physiographic
element showing high biodiversity in tropical
systems (Kumar et al., 2011). This biodiversity
(distribution and composition) of aquatic
communities (e.g. insects, fungi, fishes, zooplankton
and phytoplankton) can be determined by
environmental factors (e.g. decrease of diversity
by water pollutants) and through their biological
relationship (e.g. predation and competition)
(Grenouillet et al., 2008; Nessimian et al.,
2008). Among the aquatic communities,
zooplankton is important because it is the link
between primary production (phytoplankton
and bacterioplankton) to secondary consumers
(e.g. fish and macroinvertebrates) and play a
key role in cycling of organic materials in an
aquatic ecosystem (Kozlowsky-Suzuki & Bozelli,
2002; Matsumura-Tundisi & Tundisi, 2005;
Norlin et al., 20006).

Studies has been performed in different time
intervals, as the interannual (Lansac-T6ha et al.,
2009), monthly (Ortega-Mayagoitia et al., 2000;
Fantin-Cruz et al., 2010), and/or weekly variation
cycle (Chittapun et al., 2009), derived from the
different sampling frequencies of the zooplankton
in various types of wetlands (Bottrell et al., 1976;
Guseska et al., 2012). The zooplankton species also
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have high sensitivity to environmental impacts which
can lead to changes in the composition and diversity
of this community (Xiong et al., 2016), Therefore,
the zooplankton community modification can help
to understanding the mechanisms that structure
the aquatic environment (Almeida et al., 2009;
Xiong et al., 2016).

In Brazil, some zooplankton studies have
been done in lakes from Amazon in the northern
region (Bozelli, 1992; Hardy, 1992), Sao Francisco
river basin in the northeastern region (Lépez &
Sampaio, 2000), Pantanal in the central region
(Fantin-Cruz et al., 2011) and Parand river in
the southern region (Lansac-Toha et al., 2009).
Thus, due to high environmental heterogeneity we
could get a different composition and diversity in the
zooplankton communities (Carvalho et al., 2001),
along this gradient. As example, hydrological
features (e.g. depth, transparency and capacity of
the reservoir) can drive their limnological patterns
(e.g. electrical conductivity, pH and dissolved
oxygen) and further influence some processes (e.g.
precipitation, winds and land uses), change these
communities and its diversity in the landscape
(De Paggi & Paggi, 2008).

The neo-tropical savannah (Cerrado) has
countless number of natural shallow lakes formed
into wetlands areas by the upwelling of the
groundwater (Fonseca et al., 2014). Studies done
in these lentic systems have been scarce, despite
their potential to increasing aquatic biodiversity in
Brazilian savannah have been reported (Leibowitz,
2003), especially in protected areas with a pristine
condition. This high variability on characteristics
of aquatic environments has led to the recent
studies on the alpha (number of species) and beta
(species composition turnover among communities)
diversity (Bini et al., 2014; Lopes et al., 2014;
Heino etal., 2015a, b). However, the lakes situated
in Brazilian savannah (general characteristics) tend
to be shallow, with transparent water and a dense
bank of macrophytes, including a rich submerged
and floating flora (Junk et al., 2014), but poor in
nutrients (Fonseca et al., 2014). Therefore, our
hypothesis is that i) shallow lakes systems that
are more heterogeneous in their environmental
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conditions and nutrients concentration would have
higher diversity; and ii) larger distances between
lakes communities increase the values of beta
diversity. Therefore, the objective of the present
study was to evaluate the effects of physicochemical
variables of the water on the diversity of zooplankton
community in seven tropical shallow lakes of
Brazilian savannah.

2. Material and Methods
2.1. Study area

This study was carried out in the seven natural
shallow lakes located in Federal District and state of
Goiis, central Brazil. These shallow lakes are: Feia,
Bonita, Joaquim Medeiros, Cards, Taquara, Gansos
and Cedro (Figure 1). The Feia lake is located in the
Sdo Francisco basin and Bonita lake in Tocantins
basin, the others are located in the Parand basin.
The Cerrado Domain (Brazilian savannah) covers
the region. Climate is Aw (rainy tropical, according
to Koppen classification), marked by a rainy season
from October to April (mean temperature around
29 °C), and a dry season from May to September
(mean temperature around 18 °C). Annual mean
precipitation is around 1,500 mm, ranging from
750 to 2,000 mm.

These natural shallow lakes are formed by the
upwelling of groundwater. The six oligotrophic
shallow lakes situated in Federal District are shallow
(depth < 3 meters), small (surface area < 1 km?),
with slightly acid waters and abundant aquatic
macrophytes. Bonita lake is situated in permanent
protection area (Ecological Station of Aguas
Emendadas); the others are situated on rural areas.
Feia lake is the only urban located inside the Park
Mata da Bica (Formosa, state of Goids). This lake is

48°20'0"'W

g™ gh? 15°25'0"S

@ Sampling points
@ Tocantins River Basin

deeper (max 10 meters) and larger (300 m width;
6 km length) than the previous shallow lakes.

2.2. Sampling

Water and zooplankton samplings were
carried out between 2008 and 2009, in the dry
(August—September 2008) and rainy (March-April,
2008 and 2009) seasons. Water temperature,
dissolved oxygen, pH, and electrical conductivity
were measured in the field using standard electrodes
(Yellow Spring Instruments). Water samples were
collected in previously acid-washed polypropylene
bottles and kept in a cooler until returning to the
laboratory. Nutrients (ammonium NH_*, nitrate
NO,, nitrite NO,, total phosphorus, and soluble
reactive phosphorus, DIN - dissolved inorganic
nitrogen, TKN - total Kjeldahl nitrogen), total
dissolved solids, and alkalinity were analyzed
according to standard methods. Turbidity was
measured using a turbidimeter HACH 2100P.
The percentage of lake covered by macrophytic was
visually estimated by classifying into four possible
categories (0-25%, 25-50%, 50-75% and 75-100%).

For chlorophyll-zdeterminations 500 to 1,000 mL
nonfractionated whole water were filtered through
Whatman 47 mm GF/F glass fiber filters (0.7 pum)
under vacuum (<120 mmHg). Sampling filtration
was performed in duplicate and immediately
was made the specimens selection to minimize
any potential grazing effects. The filters were
placed in dark test tubes pre-filled by 10 mL
extraction solution (acetone 90%). After storage
for 12 hours in a refrigerator, the absorbance
of the acetone extract was measured at specific
wavelengths (750 and 665 nm) with a Hitachi
model 100-60 double beam spectrophotometer
using 1 cm glass cuvettes.
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Figure 1. Geographic location of the sampling points consisting of seven shallow lakes in Federal District (Brazil).
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Zooplankton samples were taken using a bucket
and filtered 200 L by a 64 pm-mesh-plankton-net,
and preserved in formalin solution (4% final
concentration). Organisms were identified using
an optical microscope and specialized bibliography
(Koste, 1978; Segers, 2007; Elmoor-Loureiro,
2007). Specimens were deposited in the Laboratory
of Limnology at the University of Brasilia (UnB-DF),
Federal District, Brazil.

2.3. Measuring the diversity index

Based on the mean of density of organisms
collected for each sampling points, the
Shannon-Wiener index, Simpson index and
Pielou’s Evenness index were also calculated
(Magurran, 2001; Ferreira etal., 2011). The number
of invertebrates’ zaxa at all sampling points was
used to estimate the o diversity. We estimated
the B diversity with the multivariate dispersion
method (Anderson et al., 2006). Multivariate
dispersion (functions betadiver, Vegan package for
R version 2.0.8; Oksanen et al., 2008) estimates the
B diversity as sampling points average dissimilarity
(i.e., distance) from their group centroid in
a multivariate space. The comparison among
sampling points was based on the Whittaker index
(Bw; Whittaker, 1960; Magurran, 2001) as proposed
by Koleff et al. (2003). According to Koleff et al.
(2003), PBw is the most widely used B diversity
measure in Ecology and the values show a simple
relation to variation in that whole scale negatively
with increase in the matching component.

2.4. Statistical analysis

The normality of the biological variables
was tested using a Kolmogorov-Smirnov test,
and the variables were transformed as necessary
(log10 x+1). The density and number of zaxa in
zooplankton community among sampling points
was tested with One-way ANOVA (Zar, 1996).
We used the Newman-Keuls test (p <0.05) for
discrimination among the categorical variables
(Zar, 1996) to estimate the difference in the structure
and composition of zooplankton community
and B diversity (different axes related to the
distance from the centroid) among the sampling
points, a Permutational Multivariate Analysis
of Variance (PerMANOVA), discriminated by
Bonferroni-corrected pairwise comparison (distance
matrix of Bray-Curtis, 10000 permutation and with
pseudo-F; Adonis function, vegan package for R;
Oksanen et al., 2008).
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A Canonical Correspondence Analysis (CCA)
was used to detect variations in community
composition along the environmental gradientand
to identify potential environmental requirements
to differentiate the assemblages (function CCA;
Legendre & Legendre, 1998). The statistical
significance of the correlation between the
environmental features and biotic variables
extracted from the CCA was determined by a Monte
Carlo test based on 5,000 permutations (P < 0.05).

An analysis of the indicator species, as proposed
by Dufréne & Legendre (1997), was used to
determine which organisms were characteristic of
the sampling points. This analysis uses the frequency
and density of the organisms in the previously
defined groups and produces an indicator value
ranging from 0 (non-indicator) to 100 (perfect
indicator). Significance was tested using Monte
Carlo tests with 1000 permutations and set to
P < 0.05. Only significant results are reported.

3. Results
3.1. Water physical and chemical parameters

The higher values of water temperature,
dissolved oxygen and pH were found in Carés lake.
On the other hand, Feia lake shows a higher values
of electric conductivity, nitrate, TDS and DIN;
and Medeiros lake to turbidity and ammonium
(Table 1). Overall, the seven shallow lakes show
a circumneutral water, with low levels of oxygen,
electrical conductivity, alkalinity and nutrients
concentration (Table 1).

3.2. Diversity of zooplankton community

A rtotal of 4,964 individuals (org.m?®) was
collected in this study, with the higher values
(One way ANOVA, F o = 4,64; p = 0.025) in
Bonita lake (mean of 1605 org.m?), following by
(Newman-Keuls test; p < 0.05) Cards lake (mean
of 705 org.m?), Cedro lake (mean of 684 org.m?),
Gansos lake (mean of 661 m?), Feia lake (mean of
462 org.m?), Taquara lake (mean of 422 org.m’)
and Joaquim Medeiros lake (mean of 420 org.m?).
The most abundant taxon was the Calanoida,
followed by Chydorus, manly in Bonita and Card
lakes, respectively.

The Shannon-Wiener and the Simpson
(Figure 2A and B) indexes show the same pattern,
with the higher values in Gansos lake following
by Bonita lake, Feia lake and Cards lake, up the
mean among all sampling points, but show lower
values in Cedro lake, Medeiros lake and Taquara
lake, down the mean among all sampling points.
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Table 1. Mean and standard deviation values of the environmental variables in seven tropical shallow lake of Brazilian

savannah.
8 ) o 3 g o c 5
z © S @ = @ S s =5
o [ @ s e k-] T 2 03
@ ° ° o = F 3
Water T °C 27.03  30.10 2695 2640 2505 2885 2375 26.88 2.15
Dissolved oxygen (mg/L) 4.84 5.11 4.96 4.52 4.22 4.55 5.03 4.75 0.33
pH 6.48 7.43 6.74 6.13 5.27 7.09 7.14 6.61 0.74
Elec.conductivity (uS/cm) 6.55 27.45 23.08 11.50 14750 65.73 16.95 4268 50.12
Chlorophyll 742 112,55 3.21 8.42 3.51 14.46 1.88 2164 40.32
Turbidity (UT) 3.84 6.25 4.07 8.46 532  10.92 5.32 6.31 2.55
Ammonium (mg/L) 0.05 0.18 0.13 0.15 0.15 0.97 0.07 0.24 0.32
Nitrate (mg/L) 0.06 0.18 0.05 0.05 0.33 0.20 0.05 0.13 0.1
Nitrite (mg/L) 0.01 0.00 0.01 0.01 0.01 0.76 0.01 0.1 0.28
Total.Nitrogen (mg/L) 6.18 2.27 6.54 5.23 4.51 6.09 3.99 4.97 1.51
Total.Phosphorus (mg/L) 0.01 0.03 0.01 0.02 0.01 0.03 0.01 0.02 0.01
TDS 2.40 2.50 8.93 2.80 49.60 15.67 5.07 1242 17.08
DIN 0.12 0.36 0.19 0.15 0.48 1.92 0.13 0.48 0.65
Macrophyte (% lake covered) 75.00  25.00 2500 75.00 25.00 50.00 25.00 3750 13.36
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Figure 2. Average values (bold line), maximum and minimum (bars), third and first quartile (box), of the Shannon-
Wiener index (A), Simpson index (B) and Pielou’s Evenness index (C) of all sampling points (shallow lakes).

However, the Pielou’s Evenness index (Figure 2C)
showed a different pattern, where the higher values
are found in Taquara, Feia, Gansos and Cedro lakes
(below the mean), but the lower values in Caris,
Bonita and Medeiros lakes (above the mean).

The mean of specie richness was 23 taxon
(range on 13 in Taquara lake to 32 in bonita lakes).
The Alona genus shows higher specie richness with
4 raxon (Alona sp., Alona guttata, Alona intermedia,
Alona verrucosa). We found the higher richness
(number of taxa/o. diversity) in Bonita, Gansos and
Cariés lakes (above the mean), followed by Cedro,
Feia, Medeiros and Taquara lakes, dawn the mean
values (One way ANOVA, F (. =21,78;p<0.001;
Newman-Keuls test; p < 0.05; Figure 3A). In the
turnover among taxon in the sampling points
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(B diversity), we found the higher values in Taquara
lake, following by Cards, Cedro and Feia lakes, with
the lower values in Bonita, Gansos and Medeiros
lakes (PerMANOVA, F = 3,015 p = 0.007;
Bonferroni-corrected pairwise p < 0.05; Figure 3B).

3.3. Factors that structure the zooplanckton
community

The CCA (total inertia of 0.355) of the abiotic
variables and the community exhibited high
explanatory power (87%, inertia of 0.312). Axis 1 of
the CCA ordination explained 37% (inertia of
0.1353) of the total variance, while axis 2 explained
29% (inertia of 0.1062; Figure 4). The structure and

composition of zooplankton community changes

among sample points (PerMANOVA, F )= 1,59;

(6,28



Padovesi-Fonseca, C. and Rezende, R.S.

I

”

a Diversity -
Number of faxa

"

on

oss

Distance to centroid

oo

Feia Medeiros
ita Caras

Boni

Cedro

Taquara
9 Gansos

Figure 3. Average values (bold line), maximum and minimum (bars), third and first quartile (box), of the a diversity
(A) and B diversity (B) in the seven sampling points (shallow lakes).
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Figure 4. Canonical correspondence analysis of zooplankton community (A) and abiotic variables (B) in the seven

sampling points (shallow lakes).

p = 0.037). In all abiotic variables, only dissolved
oxygen, percentage of lake covered by macrophytic
and N total were correlated negatively with axis
1, together with Bonita, Feia and Taquara lakes
(Bonferroni-corrected pairwise; p < 0.05). On the
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other hand, the dissolved oxygen, pH, electric
conductivity, nitrate and TDS (total dissolved
solids) correlated negatively with axis 2 (and the
others positively), together with Cards, Cedro,
Gansos and Medeiros lakes (Bonferroni-corrected
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Table 2. Statistical significance of the correlation between the environmental features and biotic variables extracted
from the CCA1 and CCA2 vectors of the Monte Carlo test. Significant values in bold.

CCA1 CCA2 r Pr(>r)
Water.Temp 0.883 0.469 0.173 0.780
Dissolved.Oxygen -0.812 -0.584 0.194 0.738
pH 0.956 -0.294 0.057 0.920
Electrical.Conductivity 0.777 -0.630 0.206 0.618
Chlorophyll 0.994 0.114 0.009 0.918
Turbidity 0.922 0.386 0.949 0.005
Ammonium.Nitrogen 0.985 0.175 0.763 0.013
Nitrate 0.932 -0.363 0.158 0.757
Nitrite 0.969 0.248 0.643 0.181
Total.Nitrogen -0.577 0.816 0.002 0.996
Total.Phosphorus 0.925 0.380 0.602 0.276
TDS 0.554 -0.832 0.166 0.652
DIN 0.989 0.149 0.671 0.195
Macrophyte -0.020 0.985 0.706 0.048

pairwise p < 0.05; Figure 4). The water turbidity
(r* = 0.94; p = 0.005), ammonium concentration
(r* = 0.76; p = 0.013) and percentage of lake
covered by macrophytic (r* = 0. 71; p = 0.048)
were statistically significant correlated with the
biotic variables extracted from the CCAs vectors
(Monte Carlo test; Table 2). The analysis of the
indicator species among the sampling points show
high indicator organisms belonged only to Bonita
lake (Sum of probabilities = 15.89; Sum of Indicator
Values = 12.14; Sum of Significant Indicator
Values = 1.32). In this sampling point we found
Disparalona sp. (Indicator Values = 0.71; p = 0.032)
and Copepoda Calanoida (Indicator Values = 0.61;
p = 0.041), as indicators.

4. Discussion

4.1. Factors that structure the alpha diversity of
zooplankton community

The alpha diversity (or richness) and abundance
(Whittaker, 1960; Legendre et al., 2005) were
higher in Bonita and Gansos lakes, facts that
explain the higher diversity (Magurran, 2001;
Jabiol et al., 2013). This result may be explained
by environmental variables (e.g. turbidity and total
nitrogen) and biotic interactions (e.g. increase of
environmental heterogeneity by macrophytic)
that filters and select persistent species within a
community, as observed in other tropical lentic
systems (Lopes et al., 2014; Rezende et al., 2014).
As example, a checklist done for Cladocerans in
five shallow lakes evaluated by this study (Bonita,
Cedro, Gansos, Joaquim Medeiros and Cards)
showed a peculiar composition of this micro fauna,
specially associated to environmental condition
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(shallow systems with a macrophyte dense cover)
when they are situated in protected areas (Sousa
& Elmoor-Loureiro, 2012; Anton-Pardo et al.,
2015). Therefore, the environmental characteristics
should influence diversity (manly by total nitrogen
and phosphorus, turbidity and ammonium, as
discussed in more detail below), despite other
studies do not show a relationship between these
variables, highlighting the importance of further
research about this matter (Bini et al., 2014;
Lopes et al., 2014; Anton-Pardo et al., 2015).
Bonita lake was correlated with total nitrogen
in water and the Gansos lake was correlated with
total phosphorus, turbidity and temperature in
water. These results can be explaining by the increase
of system productivity, showing by chlorophyll
dates on the shallow lakes (Marleau et al., 2015;
Rezende et al., 2016). Also the correlation of
most diversity shallow lakes (Bonita and Gansos)
whit nitrogen and phosphorus (respectively)
in CCA analysis suggest that these nutrients
are limiting in savannah lentic systems for the
zooplankton communities (Fonseca et al., 2014).
Nutrient enrichment also explains the high
turbidity by the increase of available ions in the
water (Brandimarte et al., 2008). This nutrient
enrichment is important due to oligotrophic,
shallow and with little fluctuating water level
features of these savannah lakes (Junk et al., 2014).
On the other hand, some studies showing that
extrapolation of tolerance levels in the niche of some
species is a major mechanism disassembling aquatic
assemblages at a continental scale (Bini et al., 2014).
Therefore, the low concentration of nitrogen
and phosphorus associate to higher values of,
electrical conduction and TDS (decrease the



Padovesi-Fonseca, C. and Rezende, R.S.

luminosity by increase of turbidity) can decrease
the lake productivity level (by chlorophyll),
helping to explains the decrease in diversity
founded in Feia, Medeiros, Cedro and Taquara
lakes. As example, the turbidity (also decreases the
temperature and consequently to metabolic rates)
and ammonium (increases the toxicity) values were
the major factors responsible for structuring the
zooplankton community by Xiong et al. (2016).
This corroborates the higher diversity and richness
in Bonita lake with transparent water (lower
turbidity) and lower ammonium content. Another
factor that helps the diversity is the presence
of aquatic macrophytes that presumably, led to
increase niches variation (Jeppesen et al., 1997;
Pelicice & Agostinho, 2006; Choi et al., 2014).
In situ experiments, Choi et al. (2014) revealed
the tendency to increase zooplankton diversity
over habitat heterogeneity provided by aquatic
macrophyte in a transparent lake. In contrast,
higher alpha diversity was also obtained in Gansos
lake, a shallower lake with varied turbidity.
This lake remained as a wetland during some periods,
preventing the plankton sampling. As a shallower
lake, if compared to Bonita lake, submerged and
rooted macrophyte tend to predominate and can
provide a suitable habitat for colonization by
zooplankton, as discussed by Meerhoff et al. (2006).
These submerged macrophytes can enhance the
refuge of zooplankton threatened by predators, and
high phosphorus concentration can indicate food
items (Stansfield et al., 1997; Muylaert et al., 2010;
Choi et al., 2014).

4.2. Factors that structure the beta diversity of
zooplankton community

We found low beta diversity in Medeiros lake,
configuring a lower species composition turnover
and higher stability in the community structure
of this lake. In shallow lakes, the dense cover of
macrophytes (such as Medeiros lake), permits a
large number of littoral and planktonic species to
coexist (Guseska et al., 2012; Lopes et al., 2014),
decreasing the beta diversity. In the opposite
position, Taquara lake obtained a high turnover
of species (beta diversity). Although the high
environmental condition provided by cover of
macrophytes and algae, with wetland and dense
riparian vegetation, this lake is situated near to a
bridge and a rural area, where groceries, as well as
soybean and corn are produced. The lake’s sediment
was quite muddy and even unstable during this
study, with the allochthonous deposition of
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sediments around the lake. This situation confirms
the influence of the environmental quality of
the pond derived from the land uses in the area
(Lopes et al., 2014; Rezende et al., 2014).

The other lakes (such as Cards, Cedro and
Feia), obtained intermediate values of alpha
and beta diversities that correspond to the high
similarity among their zooplankton communities.
The zooplankton of these lakes was closely related
to environmental gradient (Carvalho et al., 2001;
Xiong et al., 2016) because of similar geography
and spatial proximity. The connectivity on
aquatic systems is known to increase the similarity
in species composition (Duraes et al., 2016),
decreasing the beta diversity (Lopes et al., 2014;
Heino et al., 2015a, b). Nabout et al. (2000)
also got similar phytoplankton composition in
geographically proximate floodplain shallow lakes,
even with different geomorphological characteristics
and degrees of human impact (Xiong et al., 2016).
Therefore, in deterministic processes based on
niche theory, the species have different ecological
requirements, leading to different responses to
environmental gradients (Heino et al., 2015a, b;
Xiongetal., 2016), and increasing the beta diversity
in heterogenic systems (Rezende et al., 2014).

The zooplankton communities were dominated
by Cladocera, especially by species belonging
to typically non-planktonic (Chydoridae).
This situation is to be expected in the majority of
shallow environments with a developed littoral zone
colonized by macrophytes (Fantin-Cruz etal., 2010;
Sousa & Elmoor-Loureiro, 2012). Rotifer species
registered in this study belonged to Lecanidae,
family inhabiting shallow and littoral areas and often
associated with plants (Padovesi-Fonseca etal., 2011;
Siddiqi & Karuthapandi, 2013). There was a relative
predominance of young forms of Copepoda and this
pattern has been the most common, as observed by
Lépez & Sampaio (2000) and Silveira et al. (2010)
in shallow systems. This situation may be the result
of predation on the adult forms and its further effect
on the development of immature stages to adults.

Another important aspect is that turbidity
represented an environmental condition
for development of larger filter feeders
(Fantin-Cruz et al., 2011), corroborated by the
presence and abundance of calanoid copepod
in Bonita lake and its absence in Gansos lake.
Calanoida is a planktonic group and inhabits open
water surface (e.g. Zettler & Carter, 1986; Lougheed
& Chow-Fraser, 1998); and they represent large
filter feeders and herbivores of the zooplankton.
Most calanoid species prefer transparent waters with
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small quantity of suspended matter (Zettler & Carter,
1986; Lougheed & Chow-Fraser, 1998), explaining
its occurrence as indicators of oligotrophy in Bonita
lake. Other zaxa to present these characteristics were
the Disparalona sp. also indicators of oligotrophy
in Bonita lake.

5. Conclusions

The environmental variables (turbidity and
nutrients concentration) and biotic (increase of
niches and refuge by macrophytes and dispersion
rates by lake geographic proximity) relationship
select the persistent species within a community
and highlight the importance of environmental
characteristics on diversity. The turbidity
(decreases the temperature, luminosity and the
system productivity) and ammonium (increases
the toxicity) values were the major factors
responsible for structuring the zooplankton
community. On the other hand, nitrogen and
phosphorus (increase the productivity) are
limiting in savannah lentic systems for the
zooplankton. This is observed in Bonita and
Gansos lakes (higher diversity) were correlated
with low values of turbidity and ammonium,
but a higher of nutrients concentration in water
(mainly to nitrogen and phosphorus), showing
a positive relation with diversity and system
productivity. Also, the shallow lakes with higher
diversity and richness have a great variety of
aquatic macrophytes that increase the variation of
niches and refuge against predators, corroborating
our first hypothesis. We also observed that shallow
lakes with geographic proximity increase the
similarity in species composition, decreasing the
beta diversity, confirming our second hypothesis.
Therefore, we conclude that the deterministic
processes (niche theory), due to species have
different ecological requirements, are different
responses to environmental gradients and increase
the diversity in heterogenic lentic systems.
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