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Abstract

Zooplankton is an important community in aquatic ecosystems due to its linkage between primary producers and secondary
consumers, and by their key role in cycling organic materials. However, a low number of studies were performed in small
lotic systems, mainly in savanna Cerrado headwater systems. Therefore, our objective was to investigate o and f diversities of
the zooplankton community along 21 headwater streams in relation to micro-basin and sub-basin spatial scales and the water
physicochemical parameters. Our hypotheses are that o diversity is negatively related to the increase on spatial scale and f
diversity is positively related to the increase on scale. Zooplankton samples were taken using a bucket and filtered 200 L by
a 64 um mesh plankton net and preserved for subsequent identification. Water temperature, dissolved oxygen, pH, electrical
conductivity, ions, and anions (nutrients) were measured. A total of 2650 individuals (m™?) from 19 raxa were collected.
The most abundant faxa were Cyclopoida (copepodite; 24.4%) and rotifer Tricocerca cylindrica (17.7%). The lower spatial
scale was the most important factor driving the o diversity. However, the richness of the zooplankton community did not
change among sub-basins and micro-basins. Changes on species composition by nested spatial organization between habitat
patches drove the p diversity. The communities from the same sub-basin and micro-basin were more structurally related
than those from different basins. Finally, closer points show similar environmental characteristics and electrical conductivity
concentration increases the species richness. Therefore, patterns of species diversity are essential to understand community
ecology, as well as to provide information for conservation planning on savanna Cerrado streams.
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Introduction

Zooplankton must be considered an essential quality tool
for environmental conservation in aquatic systems (Chiba
et al., 2018; Rocha, 2020). This is possible by the cosmopo-
lite presence of the zooplankton community in freshwater
habitats of tropical systems, mainly in lentic and large lotic
systems (Kumar et al., 2011). The usage of zooplankton as a
tool in environmental conservation demands understanding
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the community functioning (Chiba et al., 2018; Padovesi-
Fonseca & Rezende, 2017). Many recent studies on the
freshwater zooplankton community have been conducted in
Brazil (Picapedra et al. 2016, 2019; Gomes et al., 2020).
However, few studies were performed in small lotic sys-
tems (Brito, 2020; Xiong et al., 2020), mainly in tropical
headwater systems (Picapedra et al., 2016, 2019; Gomes
et al., 2020), compared to tropical lentic systems (Lopes
et al., 2019; Pinese et al., 2015). The zooplankton commu-
nity of lakes and ponds of the Cerrado, the largest neotropi-
cal savanna, are fairly well investigated (Lopes et al., 2014,
2019; Padovesi-Fonseca & Rezende, 2017). Therefore,
surveying the fauna in streams of savanna Cerrado systems
configure an important strategy to headwaters conservation
of aquatic ecosystems (Padovesi-Fonseca et al., 2016).

The nuclear region of this neotropical savanna that is
located in the Central Brazilian Plateau was also the divi-
sor between the main drainage basins from Brazil and
South America continent (Fonseca et al., 2014). Inland
waters of savanna Cerrado tend to exhibit a conspicuous
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environmental heterogeneity (Feio et al., 2018; Rezende
et al., 2014), encompassing a high zooplankton diversity
(Gomes et al., 2020; Lopes et al., 2019). The headwaters
originated in uplands naturally flow toward the basins, most
of the time forming ecological corridors for many species
(Bambi et al., 2017; Duraes et al., 2016; Rezende et al.,
2017). Based on the expected high environmental heteroge-
neity of the aquatic systems located in uplands and protected
areas, their permanent preservation has been a challenge
for shelter of endemic and endangered species, revealing a
high biodiversity patrimony (Rezende, Biasi, et al., 2019).
In this way, studies on zooplankton community composition
(mainly by local and regional diversity) and abiotic water
conditions are relevant to headwaters conservation in areas
of savanna Cerrado.

The local or alpha diversity (), in a strict sense, may be
represented in most common approaches by: (1) richness
in species or number of taxa; and (2) the slope measure-
ments by importance-value sequence through the diversity
index, in ecological studies (Legendre et al., 2005; Whit-
taker, 1960). On the other hand, the regional or beta ()
diversity measures the degree of species turnover and the
ratio among total and mean number of species per sample to
show a spatial variation in species composition among sites
(Anderson et al., 2011; Whittaker, 1960). The differences
in communities on space or range of habitat are shown by f
diversity (Anderson et al., 2011; Whittaker, 1960). Finally,
there is also the total, or gamma diversity (y) (Whittaker,
1960, 1972). From these indexes, the 8 diversity is an impor-
tant estimate to understanding the spatial richness patterns of
the zooplankton community (Lopes et al., 2014, 2019). The
f diversity origin for running waters conceptual framework
may occur by two general forms in a diversity—environmen-
tal heterogeneity relationship (Heino et al., 2015; Legendre
et al., 2005). First, local environmental control (lower spatial
scale as riffle sites) within each region unit (higher spatial
scale as a basin). Second, relative importance of spatial
level, changing the local species composition (i.e., among
riffle sites) within each region unit (Heino et al., 2015; Leg-
endre et al., 2005).

Once the aforementioned diversity analysis is scale-
based, different patterns and structures are expected (Wiens,
1989). More specifically, the p diversity may increase at a
higher spatial scale by: (1) the effect of dispersal limitation;
(2) high environmental heterogeneity; (3) the sampling of
different regional species’ pools; and (4) a negative relation-
ship between the pairwise similarity in assemblage compo-
sition and geographic distance (Cottenie, 2005; Rezende,
Biasi, et al., 2019). This organized view of spatial variation
among and within stream systems in a hierarchical frame-
work is also known as “riverscapes” (for more see also Fris-
sell et al., 1986).
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High transparence and low nutrients in water are the
general characteristics of the streams situated in Brazilian
savannah (Fonseca et al., 2014). In this way, it is important
to investigate the environmental characteristics that drive
zooplankton community in tropical systems. Therefore,
our goals were to study a and J diversities of the zooplank-
ton community along tropical streams at two spatial scales
(micro-basin and sub-basin) and evaluate the effects of water
physicochemical variables on zooplankton community struc-
ture. Our hypotheses are that (1) a diversity is negatively
related to the increase in the spatial scale and, in opposite
way, P diversity is positively related to the scale; and (2)
stream systems that are more nutrient rich in their environ-
mental gradient will be more similar and would have high
species diversity and correlate species.

Methods
Study sites

This study was conducted in 21 headwater streams (first to
third order) with preserved riparian vegetation, located in
three legally protected areas in the Brazilian Federal Dis-
trict (Fig. 1): sub-basin 1 in the Gama and Cabeca-de-Veado
Environmental Protection Area (APA), sub-basin 2 in the
Aguas Emendadas Ecological Station (AE), and the sub-
basin 3 in the Brasilia National Park (PNB). The distance
between the studied areas varies between 10 and 35 km,
while distance within areas varies from 0.22 to 17 km.

The streams are located within the climatic area of the
Cerrado (tropical savanna, Aw), with a hot and rainy sea-
son from October to April and a cold and dry season from
May to September. The selected streams were separated into
seven catchments, which represent important watercourses
that cover the preserved areas of the Federal District. Sam-
pling was undertaken during the dry season, in three streams
stretches (20 m apart) per sampling point, between June and
August 2015.

Procedures
Physical and chemical parameters of water

A set of seven in situ measurements was obtained in trip-
licates per stream: depth (m), width (m), temperature (°C),
pH (pHmeter PHTEK®, Curitiba, PR, BR), electrical con-
ductivity (uS cm™!; Conductivimeter Quimis®, Diadema,
SP, BR), dissolved oxygen (mg L™'; Jenway 970 Dissolved
Oxygen Meter, Staffordshire, OSA, UK), and canopy cover
[%; digital camera (Nikon D5100) with a 10-mm Fisheye
lens (Sigma)]. Water samples were collected to determine
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Fig. 1. Geographic location of study sampling sites on hydrographic basins of Federal District (Brazil). Micro-basin (MB—1 to 3) and sub-basin

(SB—1 to 7) were represented in the map

chemical concentrations by ion chromatography according
to the methods described in APHA (1999).

Zooplankton community

Zooplankton sampling was taken by filtering 100 L of
water through 64 pm mesh plankton net and preserved in
4% formalin. All samples are deposited in the freshwater
plankton collection at the Laboratory of Limnology, Depart-
ment of Ecology, University of Brasilia. Three 1 mL sub-
samples were counted in a Sedgewick-Rafter chamber for
rotifers. Cladocera and Copepoda were counted under a

stereomicroscope at 25 X magnification. Specimens were
observed using an optical microscope (200 and 400 X mag-
nification) and identified following specialized bibliography
(Koste, 1978; Elmoor-Loureiro et al., 2015).

Estimating a and B diversities

The number of invertebrates’ raxa (identified to the lowest
taxonomic level possible) at all sampling sites was used to
estimate the a diversity. We estimated the p diversity by
implementing a multivariate dispersion method (Anderson
et al. 2006). Multivariate dispersion [function “betadiver,”

@ Springer



252

Community Ecology (2021) 22:249-259

vegan package for R version 2.0.8; (Oksanen et al., 2013a)]
estimated the (3 diversity as sites average dissimilarity (i.e.,
distance) from the centroid of their group in a multivariate
space. The comparison among micro- and sub-basins (fgl)
was based on Lennon et al. (2001), as proposed by Koleff
et al. (2003). The Pgl values depend on the difference in the
number of faxa between the two quadrats under considera-
tion and were employed to test whether the other § diversity
measures serve to recover patterns in the local number of
taxa gradients (Koleff et al., 2003; Lennon et al., 2001).

Statistical analysis

To verify the independence of the sampling points on sub-
basin scale, the correlation between community composi-
tion and geographic distance was tested using a Mantel test
(Oksanen et al., 2013b). The « diversity (number of faxa)
in the zooplankton community was examined with a nested
analysis of variance (Bailey, 1992) to detect the importance at
nested spatial scales: sub-basin and micro-basin (nested into
sub-basin). The abiotic variables (water temperature, water
flow and concentration of pH, electrical conductivity, oxygen
dissolved, TDS, sodium, potassium, calcium, magnesium,
nitrate, sulfate, fluoride, chloride, and bromide in water) were
also tested by nested analysis of variance among sub-basin
and micro-basin. A Permutational Multivariate Analysis
of Variance (PerMANOVA) was used (distance matrix of
Bray—Curtis, 10,000 permutation and with pseudo-F; adonis
function from vegan package for R; Oksanen et al. 2008) to
estimate the difference in  diversity (different axes related
to the distance from the centroid; function “betadiver” from
vegan package for R version 2.0.8) among the scales. In this
analysis, we tested the dispersion differences and not the
location differences on the multivariate space (Heino et al.
2013). The sum of squares percentage in the nested ANOVA
and PerMANOVA analyses was used to determine which
accounted for the higher variance among the different scales
for o and P diversity (for more see also Anderson, 2001).
The physical and chemical parameters of water (stand-
ardized) were filtered by the variance inflation factor (vif
function from usdm package for R). Variance inflation fac-
tor exclude the highly correlated variables from the set
through a stepwise procedure to deal with multicollinear-
ity problems (Dormann et al. 2013). A Redundancy Anal-
ysis (RDA) was used to detect variations in community
composition along the environmental gradient (standard-
ized) and to identify potential environmental requirements
to differentiate the assemblages (Hellinger transformed)
(rda function from vegan package for R; Legendre & Leg-
endre, 2012). The statistical significance of the correlation
between the environmental features and biotic variables
extracted from the RDA was determined by a Monte Carlo
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test based on 5000 permutations (p < 0.05; envfit function
from R). A PerMANOVA was also used (Oksanen et al.,
2008) to test the difference of community composition
among the micro-basin (1-7).

Results
Physical and chemical parameters of water

In streams of all sub-basins (Table 1), we found low
mean values of water temperature (19.8 +1.24 °C;
standard deviation—s.d.), total dissolved solids (TDS;
4.28+3.36 mg L! s.d.), electrical conductivity
(9.18 +5.76 pS cm? s.d.), and neutral pH (7.59 +0.75 s.d.).
On the other hand, we found high mean values of dis-
solved oxygen (8.59+0.34 mg L™! s.d.) and water flow
(0.65+0.21 m s~! s.d.). We also measured the concen-
trations of sodium (0.18 +0.03 mg L~! s.d.), potassium
(0.14+0.03 mg L' s.d.), calcium (0.98 +1.11 mgL™! 5.d.),
magnesium (0.81 +0.12 mg L~! s.d.), nitrate
(0.02+0.01 mg L™" s.d.), sulfate (0.09+0.01 mg L™'s.d.),
fluoride (0.01 £ 0.01 mg L' s.d.), chlo-
ride (0.13+0.03 mg L-! s.d.), and bromide
(0.65+0.21 mg L' s.d).

The water temperature shows difference among
micro-basins (F=6.83; p=0.002), with highest values
in micro-basin 1 and micro-basin 6 compared to others.
However, no difference on water temperature among sub-
basins (F=0.02; p=0.971) was found. The pH differs
among micro-basin (F=14.16; p <0.001) with highest
values in micro-basin 5 and micro-basin 4 compared to
the other micro-basins. The pH differs also among sub-
basin (F=9.56; p=0.002) with highest values in sub-
basin 2 compared to others. On the other hand, the con-
centration of total dissolved solids (F=1.54; p=0.248;
F=0.35, p=0.315), electrical conductivity (F=1.16;
p=0.341; F=1.31; p=0.315), TDS (F=0.55; p=0.584;
F=1.03; p=0.423), water flow (F=0.18; p=0.831;
F=0.31, p=0.864), concentrations of sodium (F=0.18;
p=0.835; F=1.19, p=0.354), potassium (F=0.16;
p=0.853; F=0.61, p=0.667), calcium (F=1.51;
p=0.255; F=1.01, p=0.421), magnesium (F =1.26;
p=0.313; F=1.41, p=0.282), nitrate (F =0.85; p =0.446;
F=0.22, p=0.918), sulfate (F=0.03; p=0.962; F=1.16,
p=0.369), fluoride (F=2.18; p=0.151; F=0.34,
p =0.845), chloride (F=0.286; p=0.755; F=2.47,
p=0.092), and bromide (F=1.18; p=0.335; F=0.077,
p=0.562) did not differ among sub-basins (n=21; degree
of freedom used =2) and micro-basins (n=21; degree of
freedom used =4), respectively.
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Table 1 Values of the environmental variables in seven micro-basin and three sub-basin scale on tropical streams of Brazilian savanna Cerrado,
Federal District, central Brazil, during dry season (June to September, 2015)

Micro-basin Sub-basin RDA1 RDA2 2 Pr(>r)

1 2 3 4 5 7 1 2 3
Water temperature °C 21.13 18.03 19.73 19.00 19.83 21.28 1840 19.92 19.83 19.80 -0.20 0.98 0.02 0.834
pH 720 673 803 870 843 6.00 7.65 735 843 7.00 0.83 0.55 0.22 0.109
Electrical conductivity uS cm?> 2191 5.58 1044 7.12 338 512 17.79 924 338 1491 -0.39 0.92 043 0.004
Oxygen dissolved mg L™! 6.08 638 690 689 685 644 677 671 685 621 098 0.18 0.00 0.967
TDS mg L™! 6.51 3.10 1391 11.89 0.67 085 471 7.12 0.67 5.05 0.90 0.44 0.08 0.501
Sodium mg L' 0.211 0.136 0.274 0.251 0.215 0.057 0.071 0.154 0.215 0.178 —0.09 1.00 0.08 0.491
Potassium mg L 0.189 0.049 0.149 0.179 0.171 0.097 0.000 0.108 0.171 0.129 -0.16 0.99 0.14 0.614
Calcium mg L™ 3.695 0.280 0.829 0.624 0.102 0.462 0.522 0.602 0.102 2.231 —0.67 0.74 0.25 0.205
Magnesium mg L™ 1.096 0.768 0.847 0.873 0.747 0.532 0.878 0.743 0.747 0.955 —0.49 0.87 0.46 0.002
Nitrate mg L™ 0.039 0.026 0.014 0.018 0.014 0.021 0.000 0.015 0.014 0.034 —0.43 0.91 0.08 0.525
Sulfate mg L™ 0.073 0.099 0.055 0.190 0.089 0.073 0.100 0.094 0.089 0.084 0.97 0.24 0.05 0.637
Fluoride mg L~} 0.009 0.002 0.000 0.002 0.015 0.004 0.003 0.002 0.015 0.006 —0.47 0.88 0.10 0.384
Chloride mg L™! 0.092 0.072 0.054 0.618 0.134 0.066 0.082 0.166 0.134 0.083 0.99 —-0.17 0.08 0.547
Bromide mg L™! 0.040 0.000 0.000 0.000 0.025 0.000 0.014 0.002 0.025 0.023 -0.41 091 0.22 0.083
Water flow m s~ 0.971 0.649 0.256 0.691 0.441 0978 0.758 0.689 0.441 0.833 —0.97 0.23 0.12 0.340

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

Zooplankton community

A total of 2650 individuals (m~>) from 19 taxa were col-
lected (Table 2). The most abundant faxa were Cyclopoida
(copepodites; 24.4%) and rotifer Tricocerca cylindrica
(17.7%). The richness ranged from two faxa in sub-basin 2
to 16 taxa in sub-basin 3. Cladocera represented 64.7% of
the sampled raxa, followed by Copepoda and Rotifera, with
17.6% each one.

Higher values of Shannon—Wiener and Simpson indexes
were found in micro-basins 2, 3, and 7 (Figure SM1, A and
B). The Pielou’s Evenness showed higher values in micro-
basins 2 and 3, and maximum values in micro-basins 6 and
7 (Figure SM1, C). Sub-basins 1 and 3 showed mean values
of Shannon—Wiener and Simpson indexes near to one, while
low diversity indexes were obtained in sub-basin 2 (Figure
SM2, A and B). Higher values of Pielou’s Evenness were
obtained by sub-basin 1 and sub-basin 3 that reached 50%
of evenness (Figure SM2, C).

The a and B diversities in spatial scales
The Mantel test between sub-basin 1 and sub-basin 2 (Cor-

relation R=0.0517; p=0.318), sub-basin 1 and sub-basin
3 (Correlation R=0.0894; p=0.196) and sub-basin 2 and

sub-basin 3 (Correlation R=0.1487; p=0.143) showed no
significant difference. Therefore, no correlation between
taxa composition and geographic distance among sampling
points on the sub-basin scale was observed by the Mantel
test.

Micro-basin level was the most important spatial scale
for zooplankton a diversity, compared to sub-basin level and
interaction between these two factors. High importance of
micro-basin level was observed due to the higher variance
explanation in this scale represented on the percentage of
sum of squares (Table 3A; Fig. 2). Higher richness values
were found in micro-basin 2 and 7 compared to the general
average (dotted line in Fig. 2A). Based on the sub-basin
level, all values were below the general average (dotted line
in Fig. 2B). However, the richness of the zooplankton com-
munity did not change among micro-basins, sub-basins, and
interaction between these factors (Table 3A).

The P diversity was mainly explained by the micro-basin
level, followed by interaction between factors and sub-basin
level (regional scale; Table 3B; Fig. 2). The highest j diver-
sity values were found in micro-basins 1, 2, and 7 compared
to the others (Table 3B). On sub-basin level, sub-basin 2
shows the lowest values compared to sub-basin 1 and sub-
basin 3 (Table 3B). However, the p diversity of zooplankton
community did not change in response to the interaction
between these factors (Table 3B).
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Table 2 Zooplankton taxa (ind.100 1) in seven micro-basin and three sub-basin scale on tropical streams of Brazilian savanna Cerrado, Federal
District, central Brazil, during dry season (June to September, 2015)

Micro-basin Sub-basin
1 2 3 4 5 6 7 Totalmean 1 2 3 Total mean

Cladocera
Acroperus tupinamba Sinev and Elmmor-Loureiro, 2010 3.0 6.0 2.0 00 0.0 00 00 1.6 0.5 0.0 45 1.67
Alona cf.guttata 20 30 00 0.0 1.0 00 0.0 09 00 1.0 25 1.17
Alona yara Sinev and Elmmor-Loureiro, 2010 00 50 00 00 00 00 1.0 09 03 00 25 092
Alona ossiani Sinev, 1998 00 00 00 00 00 50 00 0.7 1.3 0.0 0.0 042
Alonella clathratula Sars, 1896 00 40 0.0 0.0 0.0 20 00 09 05 00 20 0383
Bosmina hagmanni Stingelin, 1904 50 00 00 00 00 00 00 0.7 0.0 0.0 25 0.83
Ceriodaphnia cornuta Sars, 1886 270 00 00 0.0 00 00 0.0 39 0.0 0.0 13.5 4.50
Flavalona iheringula Kotov and Sinev, 2004 00 30 00 0.0 00 00 1.0 06 03 00 1.5 058
Ilyocryptus spinifer Herrick, 1882 00 20 00 00 00 00 00 03 0.0 0.0 1.0 0.33
Nicsmirnovius paggi Sousa and Elmoor-Loureiro, 2017 00 10 00 0.0 00 0.0 00 0.1 0.0 0.0 0.5 0.17
Ovalona glabra (Sars,1901) 00 10 00 0.0 00 00 20 04 0.5 00 05 033
Copepoda
Cyclopoida (nauplius) 00 50 10 00 00 3.0 00 13 1.0 0.0 25 1.17
Cyclopoida (copepodite) 1.0 40 4.0 300 60 9.0 00 7.7 10.8 6.0 25 642
Thermocyclops sp.(female) 00 00 00 6.0 00 00 00 09 1.5 0.0 0.0 050
Calanoida (copepodite) 00 00 00 6.0 00 00 1.0 0.1 1.0 0.0 0.0 0.33
Harpacticoida (copepodite) 1.0 00 00 0.0 00 0.0 00 0.1 0.0 0.0 0.5 0.17
Rotifera
Euchlanis dilatata Ehrenberg, 1832 00 40 170 00 00 00 20 33 48 00 20 225
Lecane bulla (Gosse, 1851) 11.0 0.0 00 0.0 0.0 00 1.0 1.7 03 00 55 192
Trichocerca cylindrica (Imhof, 1891) 0.0 100 290 0.0 00 0.0 0.0 5.6 73 0.0 5.0 4.08
Table 3 Degrees of freedom DF Sum sq % F R? Pi(> F) CA
(DF), residuals, sums of squares
(%), F-tests and contrast ) A. Nested ANOVA for a diversity
‘a‘nmagfgez (dclfgrsff’tryc(":firé::;‘; Micro-basin 2 9.19 087 - 0.442
of taxa) and B diversity Sub-basin 1 1.17 0.22 - 0.249
(B—Centroid distance) of Interaction 1 4.29 0.79 - 0.385
zooplankton among micro- Residuals 16 85.36 _
basin and sub-basin, and the Total 20
interactions by nested ANOVA
(A) and PerMANOVA (B), B. PerMANOVA for p diversity
respectively Micro-basin 2 15.87 1.95 0.16 0.045 5<3=4=6<1=2=7

Sub-basin 1 10.26 2.52 0.11 0.031 2<3=1

Interaction 2 12.72 1.56 0.13 0.104

Residuals 15 61.15 0.62

Total 20

Significant values in bold

Abiotic factors that structure the zooplankton

community

The RDA (total inertia of 0.802) of the abiotic variables
and the community exhibited high explanatory power (70%,
inertia of 0.567). Axis 1 of the RDA ordination explained
28% (inertia of 0.223) of the total variance, while axis 2
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explained 13% (inertia of 0.107). The structure and composi-
tion of zooplankton community change among micro-basin
(PerMANOVA, F ¢ 15,=1,34; p=0.047).

Only pH, oxygen dissolved, TDS, and sulfate concentra-
tion in water in a stream of micro-basin 2 were correlated
positively with axis 1 and 2 (Fig. 3). Chloride concentra-
tion in water and Alona ossiani, Thermocyclops sp.(female),
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Cyclopoida (copepodite) and Calanoida (copepodite), and in
streams of micro-basin 4 and 6 were correlated negatively
with axis 2 and positively with axis 1 (Fig. 3).

The values of water temperature, water flow and con-
centration of electrical conductivity, bromide, fluoride,
sodium, magnesium and nitrate in water, as also Acroperus
tupinambd, Alona cf.guttata, Alona yara, Euchlanis dilatate,
Flavalona iheringula, Lecane bulla, Ovalona glabra, and
Tricocerca cylindrica were correlated negatively with axis
1 and positively with axis 2 in streams of micro-basin 1, 2,
3,5, and 7 (Fig. 3).

Alonella clathratula, Bosmina hagmanni, Ceriodaphnia
cornuta, Ilyocryptus spinifer, Nicsmirnovius paggi, and Har-
pacticoida (copepodite) were correlated negatively with axis
1 and 2 in streams of micro-basin 6 (Fig. 3). Finally, elec-
trical conductivity and magnesium concentration in water
were statistically significant to structure the composition of
zooplankton community extracted from the RDAs vectors
(Monte Carlo test; Table 1).

Discussion

The lower spatial scales (micro-basin) seem to drive the
local (o) and regional () diversities of the zooplankton
community. The importance of lower spatial scales may be
explained by a sum of two main factors: the passive dispersal
of zooplanktonic organisms (Karna et al., 2015; Padial et al.,
2014) drive by the connectivity among sampling points
(Brito et al., 2020; Durées et al., 2016); and niche character-
istics (Lopes et al., 2019; Rezende et al., 2014), such as envi-
ronmental heterogeneity (Brito et al., 2020; Pinel-Alloul,
1995) and environmental stability by protective function of
riparian vegetation (Van Onsem et al., 2010; Xiong et al.,
2020). Higher importance of lower spatial scales was also
corroborated by other aquatic communities and ecological
processes in streams (Graga et al., 2015; Rezende Petrucio
et al., 2014; Rezende, Biasi, et al., 2019). This result also
highlights the role of zooplankton community as useful
bioindicators and a helpful tool for monitoring water qual-
ity (Chiba et al., 2018; Kumar et al., 2011).

Zooplankton richness in the studied streams (19 faxa) was
lower compared to other tropical lotic systems (ranged from
97 to 170 species in Picapedra et al., 2016, 2019; Gomes
et al., 2020). Most taxa found in this study were previously
recorded in streams, except by Lecane bulla, Trichocerca
cylindrica, Euchlanis dilatate, Bosmina hagmanni (eco-
logical details summarized in https://cladocera.wordpress.
com). Low zooplankton richness may be explained by the
association of these organisms with backwaters (rare habitat
in headwaters streams compared to rivers) and with prefer-
ence for lentic environments (Pearson & Duggan, 2018).
Therefore, due to the zooplankton preference for backwaters,
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this community shows low densities in lotic environments
and is dominated by protozoans, small cladocerans, rotifers,
and copepoda (Perbiche-Neves et al., 2012; Picapedra et al.,
2019), as also observed in this study. Additionally, the zoo-
plankton community shows high dependence on nutrients
dissolved in water (Padovesi-Fonseca & Rezende, 2017).
This result is corroborated by the high species richness
related to nutrients significantly important for structuring
the zooplankton community, mainly by electrical conduc-
tivity (8 zooplankton taxa), a nutrient concentration proxy
in stream water (Rezende et al., 2014). However, headwater
streams of savanna Cerrado present a low concentration of
nutrients (Fonseca et al., 2014), explaining the low density,
diversity, and richness of the zooplankton community (Muy-
laert et al., 2010).

The richness of the zooplankton community did not differ
among micro-basin and sub-basin. This can be explained
by low richness, as also by the lotic characteristics of the
streams. The stream’s characteristics naturally are not favora-
ble to establishment of plankton communities, as discussed
above. Additionally, the lack of variation on richness of zoo-
plankton may be also explained by: (1) similarity between
sampling points by the conservation status of streams that
preserve a similar number of habitats (Pinel-Alloul, 1995;
Van Onsem et al. 2010), associated with (2) low concen-
tration of nutrients (Fonseca et al. 2014; Rezende, Biasi,
et al., 2019) that may limit the number of zooplankton spe-
cies (Muylaert et al. 2010). The similarity between locations
was confirmed by the lack of variation among sites for most
of the abiotic variables, mainly in nutrients concentrations,
that was corroborated by RDA analysis. These small water-
courses are situated in protected areas, in which headwaters
are originally protected by a dense riparian vegetation (Feio
et al., 2018; Rezende, Biasi, et al., 2019). Under natural
conditions, their waters are characterized as oligotrophic,
slightly acid and have low concentration of nutrients, total
dissolved solids, and electric conductivity (Feio et al., 2018;
Fonseca et al., 2014; Quintdo et al., 2013; Rezende et al.,
2014).

The highest p diversity values were found in sub-basin
1 and sub-basin 3, mainly in micro-basin 1 and micro-
basin 2 compared to others. Therefore, the f diversity of
the zooplankton community was spatially nested organized,
as expected for many aquatic communities (Durées et al.,
2016; Heino et al., 2013; Padial et al., 2014; Rezende, Biasi,
et al., 2019). In this way, the highest scale, river basin, was
the determinant level for the zooplankton community. This
can be confirmed by the observations that streams belong-
ing to the Parana river basin (sub-basin 1 and sub-basin 3)
have higher p diversity and community structure compared
to streams belonging to the Tocantins river basin (sub-basin
2). Continuing the nested spatial process, the p diversity
of the zooplankton community in micro-basin scale was
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also organized by sub-basin distribution. The nested spatial
organization highlights the importance of spatial distribution
on change in species composition between habitat patches
of the zooplankton community (Gomes et al. 2020; Lopes
et al. 2019). In this way, the predominance of headwater in
highlands, combined with the rugged terrain, may promote
the formation of geographic barriers to zooplankton dis-
persal. Therefore, the patterns nested in f diversity may be
explained by the passive dispersal of zooplanktonic organ-
isms in aquatic systems, that are generally carried by the
flow of streams (Picapedra et al. 2016; Wang et al. 2016).
If the zooplankton community shows a passive dispersal,
the importance of interconnectivity between aquatic systems
increases (Karna et al., 2015; Padial et al., 2014), driving
the community structure and the spatial extensions (Gomes
et al., 2020; Lopes et al., 2019).

Finally, the environmental conditions enable a conspicu-
ous richness (Lopes et al., 2019; Xiong et al., 2020), with
tendency of endemism, especially in a pristine condition of
savanna Cerrado streams (Gomes et al., 2020; Padovesi-
Fonseca & Rezende, 2017). For instance, Phytophilous
cladocerans have been evaluated in several wetland areas
distributed in central Brazil, and more than a half of them
were classified as new or endemic species (Elmoor-Loureiro,
2007; Sousa & Elmoor-Loureiro, 2012). Indeed, the high
endemism level of Cladocera in Cerrado’s inland waters was
endorsed by many studies, from which most of the species
have their distribution range restricted to a small area (Brasil
et al., 2019; Torres et al., 2019). In our study, the species
with the most restricted distribution range were Acroperus
tupinamba, Alona yara, Alona ossiani, Flavalona iherin-
gula, and Ovalona glabra. In addition, it is known that few
species and organisms represent the plankton assemblages
in low-order streams in Brazilian savanna Cerrado (Medei-
ros et al., 2019). Also, the stability in the community struc-
ture can be related to the observation that a great part of
resources in headwaters is originally from the riparian veg-
etation (Feio et al., 2018; Rezende et al., 2014). The ripar-
ian vegetation can be essential for the maintenance of the
aquatic biota of savanna Cerrado stream (Cid et al., 2019; de
Rezende, Medeiros, et al., 2019; Graga et al., 2015).

Conclusions

The lower level of the spatial scale (micro-basin/microhabi-
tat) was the most sensitive factor driving the a diversity of
the zooplankton community. In this way, we support the first
hypothesis of a negative relationship between the increase
in the scale within a micro-basin and the o diversity of the
zooplankton community. The hypothesis of a positive rela-
tionship among f diversity and spatial scale was partially
supported, once the nested spatial organization explained

the change in zooplanktonic species composition between
habitat patches. Also, we found that high electrical conduc-
tivity concentration in the streams increases the species rich-
ness and that closer points, organized at micro-basin scale,
show a similar environmental characteristics and correlate
species. Thus, patterns of species diversity are essential
to understand community ecology, as well as to provide
information to conservation planning on savanna Cerrado
streams. Finally, based on the peculiar characteristics of
these streams which are located in high and protected areas,
their permanent preservation should be considered essential
to preserve several endemic species, revealing a huge pat-
rimony, as grounded by this study for the central savanna
Cerrado streams.
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