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Abstract: Beta diversity, the spatial or temporal variation in community structure, is a central theme
in community ecology. In this study, we evaluated the explanatory power of environmental and spatial
variables in predicting fish beta diversity. Using data from Cerrado streams, we first partitioned fish
beta diversity into three components using both presence-absence (total, turnover, and nestedness) and
abundance data (total, balanced changes in abundance, and abundance gradients). Then, we evaluated
the individual influences of environmental and spatial variables on each of these components. Our results
showed that environmental and spatial variables explained significant fractions of variation in fish beta
diversity. However, most of the variation in total beta diversity and its components remained unexplained.
Considering presence-absence data, significant fractions were obtained only for total beta diversity. For
this type of data, spatial variables were more important than environmental variables. Abundance-based
analyses showed that both total beta diversity and its components (balanced changes in abundance
and abundance gradients) were explained by environmental and spatial variables. With abundance
data, environmental and spatial variables were similarly related to total beta diversity and balanced
changes in abundance, while spatial variables were the sole predictors of the abundance gradients.
Despite methodological and theoretical advances in beta diversity studies, we still need to seek relevant
environmental, spatial, temporal, and biological data that explain beta diversity patterns in streams.
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INTRODUCTION

Beta diversity — the spatial or temporal variation
in species composition (Whittaker 1972,
Whittaker et al. 1974) — has become a central
theme in community ecology (Anderson et al.
2011, Antao et al. 2019). The increased interest of
ecologists in quantifying and searching for beta
diversity correlates relies on the fact that it is a key

concept, both in theoretical and applied contexts
(Legendre et al. 2005, Tuomisto & Ruokolainen
2006, Socolar et al. 2016). From a theoretical
perspective and mainly after the development of
the metacommunity concept (Leibold et al. 2004),
most of the research on beta diversity has focused
on the relative importance of environmental
variation and dispersalin generating beta diversity
(Zbinden & Matthews 2017, Lopez-Delgado et al.
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2020). All else being equal, a strong relationship
between beta diversity and environmental
distances (i.e., environmental differences between
sites) would favor the hypothesis of species sorting
(Leibold et al. 2004) or an environmental control
model (Gilbert & Lechowicz 2004, Legendre et al.
2005). On the other hand, if geographic distance
is the main predictor of beta diversity, then a
stronger role of dispersal limitation in generating
species composition variation can be assumed
(Myers et al. 2013).

From a methodological perspective, different
studies have also been carried out to investigate
the best way to measure beta diversity for different
applications (Wilson & Shmida 1985, Koleff et al.
2003, Anderson 2006, Baselga et al. 2007, Tuomisto
2010a, 2010b, Anderson et al. 2011, Chase etal. 2011,
Ricotta 2017). These studies have been proven
to be of paramount importance to enhance our
understanding of the mechanisms underlying
beta diversity variation. For example, a given
value of beta diversity (e.g., using the Serensen
coefficient) results from two phenomena:
turnover and nestedness (Harrison et al. 1992,
Baselga et al. 2007, Baselga 2010). Nestedness is the
sole component of beta diversity when the species
compositions of a pair of sites (e.g., L1 and L2) differ
due to species losses only (e.g, L1 with species
A, B, C, D, and L2 with species A, B, C). On the
other hand, beta diversity is entirely attributable
to turnover when sites do not share species (L1:
A, B, C, D and, L2: E, F, G, H). With advances
in methods, beta diversity and its components
can be estimated from species abundances (i.e.,
total, balanced-variation in abundance, and
abundance-gradients using the Bray—Curtis or
Ruzicka indices; see Baselga 2017, Jiang et al. 2019,
Zbinden et al. 2022). For beta diversity measures
with abundance data, the total beta represents
all observed variation between communities.
The balanced-variation component (analogous
to turnover when using presence-absence data)
considers how the abundances of species are
distributed across sites. The abundance-gradients
component (analogous to nestedness when using
presence-absence data) considers the systematic
gains or losses of individuals across sites
(Baselga 2013, 2017). Recognizing and searching
for correlates of these components provides,
therefore, important insights into mechanisms
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generating beta diversity (Baselga 2010, Leprieur
etal. 2011, Baselga & Orme 2012, Hill et al. 2017).

Despite the increasing number of studies and
methodological advances, beta diversity remains
unexplored in many regions and for different
biological groups. Given the importance of beta
diversity to inform biodiversity conservation
(Socolar et al. 2016), under the key principle of
complementarity (Bush et al. 2016), this gap
of knowledge is troublesome, especially in the
most biodiverse and threatened regions of the
planet. The aquatic systems from the Brazilian
savannas (“Cerrado”) are emblematic in this
regard. In a nutshell, the main threats to the
aquatic environments of the Cerrado biome are
the conversion of natural areas of watersheds
into agricultural areas, urban areas, and the
construction of dams (Garcia & Ballester 2016).
There are approximately 1,200 fish species in
Cerrado (Klink & Machado 2005, ICMBio 2021),
which corresponds to 15% of the total fish species
richness in the Neotropics. The level of fish
endemism is unknown, but thought to be high
based on those levels for amphibians and reptiles
(28 and 17%, respectively; Klink & Machado
2005). Thus, studies in the Cerrado are needed
not only to minimize the geographical bias in
beta diversity research, as most of the studies on
fish beta diversity were developed in temperate
regions, but also to inform specific conservation
policies for the region (Patrick et al. 2021).

Here, we tested whether components of fish
beta diversity (total, nestedness, and turnover for
presence-absence data; total, balanced-variation,
and abundance-gradients for abundance data)
in Cerrado streams were more correlated with
spatial or environmental variables. Space plays an
important role in structuring communities and
is often associated with fish dispersal processes
between streams (Erds 2017, Carvalho et al. 2020).
In dendritic networks, fish dispersal occurs mainly
through aquatic routes that have several limiters
in addition to physical distance, such as dams,
waterfalls, and water flow which can promote
differentiation between aquatic communities
(Altermatt 2013, Tonkin et al. 2018). Watercourse
distance is an important predictor to assess
connectivity between fish communities (Landeiro
et al. 2011, Schmera et al. 2017). Environmental
characteristics, such as pH, dissolved oxygen



concentration, and streambed substrate types
(i.e., gravel, sand, or clay), may determine which
species can establish in the streams depending
on their specific ecological requirements (Teresa
& Casatti 2012, Troia & Gido 2015, Lampert et al.
2018). These predictors are commonly associated
with an environmental filtering mechanism that
selects a set of fish species capable of establishing
in streams (Teresa et al. 2016, Cunha et al. 2019).
Considering previous research in streams from
different regions around the world (e.g., Eros et
al. 2014, Zbinden & Matthews 2017, Dala-Corte et
al. 2019, Lopez-Delgado et al. 2020, Zbinden et al.
2022) and the high environmental heterogeneity
in these systems, which would foster the role of
species sorting mechanisms, we predicted that
environmental variables would be more important
than spatial variables to explain beta diversity
patterns in the studied stream fish communities.
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We sampled 35 first to fourth-order streams in the
Upper Araguaia River basin (Figure 1), located in
the Mato Grosso state within the Cerrado, Brazil.
The climate of thisregion is defined by two seasons
(dry and rainy) and corresponds to the Aw type
according to Képpen’s classification (Kottek et al.
2006). In this region, annual mean precipitation
and annual mean temperature range from 1,200
to 1,800 mm and from 22° C to 25° C, respectively
(Alvares et al. 2013).

Fish sampling

We sampled stream fish communities once during
two dry hydrological periods (August - September
2014; and June - August 2015). Fishes were sampled
with hand nets (3.0 m length and 1.5 m height,
with a mesh size of 5.0 mm between knots),
sieves, and dip nets over 50 m in each stream.
We blocked the 50 m stream reaches with nets
(5.0 mm between knots) to avoid fish escaping

MATERIAL AND METHODS the area. Sampling effort was standardized (i.e.,
four collectors per one hour per 50-meter reach).
Our sampling effort proved to be adequate
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Figure 1. Location of sampled streams in the Upper Araguaia River basin, Brazil.
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(Figure S1), where we sampled about 93% of the
expected fish species richness for the streams (see
Supplementary Material). We anesthetized the
fishes with benzocaine diluted in water following
preconized animal care protocol (CFMV 2012)
and fixed specimens in formaldehyde (10%).
After 72 hours, the specimens were transferred
to containers with alcohol 70%. The sampled
fish was stored in the Laboratério de Ecologia e
Conservacdao de Ecossistemas Aquaticos at the
Universidade Federal de Mato Grosso, Campus
Araguaia, Pontal do Araguaia, Mato Grosso. We
identified the specimens to the lowest possible
taxonomic level using a set of systematic keys
and specific literature (Buckup et al. 2007, Venere
& Garutti 2011, Fricke et al. 2019, Froese & Pauly
2019). Sampling permission was granted by the
Instituto da Biodiversidade e Conservacao Chico
Mendes (ICMBio; permission number 45316-1).

Environmental and spatial variables

We measured environmental variables within
10 m sections in each stream reach. First, we
measured the percentage of vegetation structures
at the stream banks (i.e., shrubs, grasses, thin
roots, and large roots), surface water velocity,
channel width (distance between banks in
meters), channel depth (meters), percentage of
substrate types (sand, leaf, rock, pebble, gravel,
slab, and clay/silt), frequency of trunks, and litter
banks (Cummins 1962, Teresa & Casatti 2012).
We measured surface water velocity (m.s!) using
the floating-object method, which consists of
dividing the distance traveled by a floating object
by the corresponding time taken (Teresa & Casatti
2012). We determined the streams’ orders using
the method of Strahler (1957). Finally, we used
a water probe (Horiba model U-50) to measure
conductivity, dissolved oxygen, pH, temperature,
and turbidity (for more details, see Lima et al.
2021). To create our spatial variables, we calculated
the watercourse distances among streams using
QNEATS3 (Qgis Network Analysis Toolbox) in QGIS
(QGIS Development Team 2018, Raffler 2018).

Statistical analysis

We divided the environmental variables into three
sets (limnological, within stream, and stream
bank variables). Limnological variables were
represented by conductivity, dissolved oxygen,
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pH, temperature, and turbidity. Within stream
variables included flow, width, depth, order, and
substrate types. Finally, stream bank variables
were represented by litter banks, roots, trunks,
and stream bank vegetation. We then performed
three principal component analyses (PCA) using
each set of variables and selected the first two
axes of each to represent the environmental
predictors. The choice of the PCA axes followed an
arbitrary decision to avoid overfitting given our
small sample size. The first two axes explained
66%, 44%, and 57.7% of the total variance of the
sets mentioned above, respectively (see Figure
S2). Environmental variables were previously log-
transformed (except pH) and standardized. We
performed PCA using the prcomp function of the
R stats package (R Core Team 2023).

We transformed the watercourse distance
matrix into orthogonal axes using a Principal
Coordinates of Neighborhood Matrix analysis
(PCNM; Dray et al. 2006, Landeiro et al. 2011).
Based on a geographic distance matrix, PCNM
allows to represent different patterns of spatial
relationships between sampling sites in
orthogonal axes. We selected eigenvectors (i.e.,
axes scores) for the analyses described below
using a forward selection approach (Blanchet et
al. 2008, Borcard et al. 2018). The PCNM analysis
was performed using the pcnm function and the
forward selection analysis was carried out using
the ordiR2step function implemented in the vegan
R package (Oksanen et al. 2022).

We tested the effects of environmental and
spatial variables on beta diversity of stream fish
communities considering both abundance and
presence-absence data. First, we calculated
the total dissimilarity (Bray-Curtis) between
pairs of streams. Following Baselga (2017), the
resultant pairwise dissimilarity matrix was
then partitioned into “balanced-variation and
abundance-gradients components”. These
matrices (total dissimilarity, balanced variation
in abundance, and abundance gradients) were
calculated using the function beta.pair.abund.
Similarly, using the presence-absence dataset as
input to the beta.pairfunction, we calculated three
pairwise dissimilarity matrices: total (Serensen),
turnover (Simpson), and the nestedness-resultant
component (see also Baselga 2010, Baselga &
Orme 2012). Abundance data were previously



log-transformed after adding a constant of 1. All
functions mentioned are in the betapart package
(Baselga et al. 2023).

To assess the relative contributions of the
environmental and spatial variables in explaining
total beta diversity and its components, we
used a (partial) Distance-based Redundancy
Analysis (db-pRDA) (Legendre & Anderson
1999, Blanchet et al. 2014). In analyses involving
turnover, nestedness, and abundance-gradients
components, it was not possible to proceed with
forward selection analysis to choose the PCNM
eigenvectors, so we used the first two resultant
eigenvectors (Arantes et al. 2018, Starez et al.
2019). For that, we used the varpart and dbrda
functions implemented in the vegan R package
(Oksanen et al. 2022). The statistical significance
of pure fractions was tested with an analysis of
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variance (ANOVA) with 999 permutations (Peres-
Neto et al. 2006).

RESULTS

The environmental characteristics of the
streams were highly variable considering their
limnological, within stream, and stream bank
variables (Table 1; Figure S1). The watercourse
distance between sampling sites ranged from
2.59 to 1,164.17 km (449.33 km + 490.86). We
sampled 9,246 fishes distributed in 109 species, 27
families, and six orders (Table S1). Characiformes
(51 species), Siluriformes (38), and Cichliformes
(11) were the richest orders. Characidae (31),
Loricariidae (20), and Cichlidae (11) were the
richest families. Species richness per stream
ranged from 1 to 48 (Table S2). Characidae (6,484

Table 1. Mean, standard deviation, minimum, and maximum values of limnological, within stream, and
stream bank variables collected from 35 streams in Upper Araguaia River basin.

Mean Standard deviation Minimum Maximum
Limnological
Conductivity (mS*cm™) 0.097 0.178 0.002 0.760
Dissolved oxygen (mg*L") 7.203 1.905 3.930 10.880
pH 6.366 0.715 5.220 8.140
Water temperature (°C) 23.210 2.035 17.330 27.000
Turbidity (NTU) 1.930 1.303 0.090 5.100
Within Stream
Channel depth (m) 0.262 0.127 0.071 0.566
Surface water velocity (m*s) 0.199 0.137 0.017 0.493
Channel width (m) 4.388 2.033 1.510 10.608
Strahler order 2.714 0.926 1.000 4.000
Sand (%) 47.362 28.172 0.000 100.000
Gravel (%) 17.694 20.987 0.000 71.944
Pebbles (%) 7.769 13.057 0.000 49.167
Rock (%) 4.395 8.921 0.000 32.167
Leaf (%) 7.123 9.840 0.000 42.500
Clay/Silt (%) 6.338 11.635 0.000 58.333
Stream bank
Thin roots (%) 31.934 24.207 0.000 80.000
Big roots (%) 3.329 4.816 0.000 18.333
Grasses (%) 0.667 2.029 0.000 8.333
Shrubs (%) 1.810 4.598 0.000 16.667
Trunks (%) 0.471 0.293 0.000 1.000
Litter bank (%) 0.276 0.302 0.000 0.833
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individuals), Loricariidae (452), and Callichthyidae
(415) were the most abundant families in the
streams.

Variance partitioning analysis showed that
the fractions explained by environmental and
spatial variables varied with the numerical
resolution of the data (presence-absence and
abundance data). The variation in total beta
(Bsor) for presence-absence data
was significantly explained by environmental
and spatial predictors. However, the variation
explained by spatial variables was higher than
that explained by environmental variables. Both
sets of variables were not significantly correlated
with turnover (fsim) and nestedness (Bsne) (Table
2). For abundance data, we found that both spatial
and environmental variables were significantly
correlated with total beta diversity and with the
balanced variation component, whereas only the
spatial variables were significantly correlated
with the abundance gradient component of total
beta diversity (Table 2).

diversity

DISCUSSION
Contrary to our initial expectations,
environmental variables were not consistently the
best predictors of fish beta diversity in our sample
of streams (for similar results, see Benone et al.

2018). Instead, for presence-absence data, total
beta diversity was mainly explained by spatial
variables. Considering our results and those found
in the literature (Cetra et al. 2017, Schmera et al.
2017, Lépez-Delgado et al. 2019, Lopez-Delgado
et al. 2020, Schmidt et al. 2022) one can then
conclude that there is a high degree of contingency
regarding the set of environmental and spatial
predictors that best predict fish beta diversity in
streams. In general, when spatial variables are
important in variation partitioning analysis, the
effects of both dispersal and spatially structured
environmental variables may be inferred to
explain the results (Datry et al. 2016, Soininen
2016, Vitorino Janior et al. 2016, Zbinden et al.
2022).

In theory, the compositional dissimilarity
between local communities would increase
with spatial distance due to dispersal limitation
(Soininen et al. 2007, Erés 2017). Although we
cannot rule out the effects of spatially structured
environmental variables (which were not included
in our analyses), we favor the role of dispersal
limitation while interpreting the effect of spatial
fraction. First, the average body size of the fishes
in the studied communities is small (Table S1),
suggesting that dispersal events mainly occur
over short distances (Magalhaes et al. 2002).
Second, watercourses are the main dispersal

Table 2. Variance partitioning results (Adjusted R2 values) showing the influences of environmental and
spatial predictors on beta diversity metrics based on the occurrence (Serensen distances) and abundance
(Bray-Curtis distances) matrices of stream fish communities. Occurrence (fsor — Total; fsim — Turnover;
Bsne — nestedness). Abundance: (Bbray — Total; fbal — balanced abundances; gra — unidirectional
abundance gradients). * P < 0.05, ** P <0.005, *** P < 0.001. Negative fractions were set to zero (see Legendre

2008).

Response Environmental Shared Spatial Residuals
Occurrence

Bser 0.093*** 0.019 0.182*** 0.707
Bsim 0.084 0.003 0.914
Bsne 0 0.076 0.164 0.789
Abundance

Bbray 0.048* 0.054 0.041* 0.857
Bbal 0.110* 0.030 0.142%*** 0.718
Bgra 0 0.298** 0.854
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routes for fish, which may substantially increase
the dispersal costs even between two streams
that are close to each other considering a simple
Euclidean distance (Schmera et al. 2017, Zbinden
et al. 2022). Third, dispersal costs over stream
networks may be further increased by efficient
barriers (e.g., waterfalls and riffles), which in turn,
contribute to the compositional dissimilarity
between communities (Jackson et al. 2001, Datry
et al. 2016, Herrera-Pérez et al. 2019).

Environmental variables were also significant
predictors of fish beta diversity in our sample of
streams. Thus, according to different perspectives
or concepts (e.g, environmental control model,
environmental filtering, species sorting), this
result indicates that environmental variation
contributes to the dissimilarity between fish
communities (Poff 1997, Cunha et al. 2019, Taylor
& Warren 2001, Connell & Sousa 1983, Labbe &
Fausch 2000). For example, the occurrence of
Gymnotiformes species (i.e., Gymnotus carapo,
Eigenmannia trilineata, Apteronotus albifrons) is
associated with the presence of roots that increase
the complexity of marginal habitats of streams
(Casatti et al. 2012). On the other hand, species like
Brycon falcatus occur in streams with preserved
riparian vegetation given their use of fruits as
main food sources (de Matos et al. 2016).

It is noteworthy that the components of the
total beta diversity were significantly related
to environmental and spatial variables with
the use of abundance data only. It may then be
argued that some of the local environmental
variables we measured (i.e., stream volume,
number of microhabitats) may be more strongly
related to the variation in fish abundance than
occurrence (Barila et al. 1981, Fernandes et al.
2013). Similarly, other environmental variables
are also determinants of the structure of local
populations (e.g, local water flow), where it
would be expected that only large-bodied
individuals occupy fast-flowing streams because
of their higher swimming ability (Schlosser 1982,
Teresa et al. 2016). Considering that the spatial
structure of streams is organized in a dendritic
hierarchical system (Rahel 1990, Altermatt 2013),
these environmental characteristics in different
positions in the drainage would contribute
to an increase in the spatial variation of local
fish abundance. Indeed, spatial variables were

Oliveira eral. | 395

the main correlates of abundance-based beta
diversity components. In general, our results
highlight the importance of using abundance
data for estimating the relative importance
of spatial and environmental variables on the
structure of stream fish communities at regional
scales (Soininen 2014, 2016). However, the choice
of a numerical resolution is dependent on the
questions posed by each study.

The abundance-based beta diversity and its
components were more affected by environmental
and spatial variables than measurements with
presence-absence only. Thus, even with low
changes in species composition, it is possible to
find high variation in species abundances between
different communities along environmental and
spatial gradients (Liu et al. 2022). On the other
hand, it is necessary for a given species that
occurs in one community to be absent in another
community to generate variations with presence-
absence data (Wilson & Shmida 1984). We also
observed that the components of beta diversity
respond differently to environmental and spatial
predictors, as found in other studies (e.g., Lopez-
Delgado et al. 2020, Zbinden et al. 2022). Our
results indicate that the component associated
with the balanced variation in abundance was
similarly influenced by environmental and
spatial predictors, while the abundance-gradient
component was exclusively influenced by spatial
predictors. It is important to highlight that the
environmental and spatial significance found in
the total beta diversity will not always be observed
in the components, as observed with the presence-
absence data.

In general, less than 30% of the variation in beta
diversity was explained, which is consistent with
other studies in streams (Roa-Fuentes & Casatti
2017, Schmera et al. 2017, Lépez-Delgado et al. 2019)
and other systems (for a review Soininen 2014,
2016). In addition to the difficulty in measuring
relevant environmental variables, high amounts
of rare species in the response matrices also
contribute to the low explanatory power (Heino et
al. 2015). We believe that discussing the low values
of the coefficients of determination in variation
partitioning models is important to increase our
knowledge about the mechanisms that structure
ecological communities. Heino et al. (2015)
suggest that we should invest time in gathering
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behavioral and physiological data to better
understand the structuring of local communities,
since occurrence can be determined by intrinsic
attributes of species. Similarly, Fukami (2015)
Germany and Castillo-Escriva et al. (2017)
suggest that the use of historical data can help to
understand the patterns of current communities.
Indeed, Oliveira et al. (2020) observed that
past data on local environment and local fish
communities better predict the structure of
current communities, supporting the importance
of priority effects or resistance to disturbances
throughout time. Other studies have also shown
that the structure of drainage networks (e.g,
connectivity, slope, and isolation; Erés 2017, Dala-
Corte et al. 2017, Carvajal-Quintero ef al. 2019,
Herrera-Pérez et al. 2019) and variables associated
with multiscale landscapes (Allan 2004, Soininen
etal. 2015, Roa-Fuentes & Casatti 2017) are relevant
in explaining community variation in streams.

While studies are making progress in
developing methods for measuring and estimating
beta diversity (Tuomisto & Ruokolainen 2006,
Baselga 2010, 2017, Anderson et al. 2011, Legendre
2019, Brown et al. 2017), we still need to improve
the information about the potential factors (i.e.,
environmental, spatial, temporal, and biological)
that can account for the variation in local
community structure. Finally, we believe that
measuring more relevant variables, despite the
increase in funding that this task would require,
would help in the elaboration of more efficient
conservation strategies for the biodiversity of fish
from tropical streams.

ACKNOWLEDGMENTS

We are grateful Graduate Program in Ecology
and Conservation (UNEMAT/PPGEC). FJMO
Oliveira and LBL were partially financed by the
Coordenacgao de Aperfeicoamento de Pessoal de
Nivel Superior - Brasil (CAPES) Finance Code -
001; LBL was supported by Fundacdao de Amparo
a Pesquisa do Estado de Mato Grosso (FAPEMAT/
CNPq Notice 001/2022, Process FAPEMAT-
PR0O.000073/2023). DPL]J was supported by
Fundacdo de Amparo a Pesquisa do Estado de
Mato Grosso (FAPEMAT 227925/2015). DPLJ and
LMB are supported by the Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq)

Oecol. Aust. 27(4): 389-402,2023

(305923/2020-0 and 308974/2020-4, respectively).
Thispaperwasdevelopedin the context of National
Institutes for Science and Technology (INCT) in
Ecology, Evolution, and Biodiversity Conservation
supported by MCTIC/CNPq (465610/2014-5) and
FAPEG (201810267000023).

REFERENCES

Allan, J. D. 2004. Landscapes and riverscapes: the
influence of land use on stream ecosystems.
Annual Review of Ecology, Evolution, and

Systematics, 35(1), 257-284. DOI: 10.1146/
annurev.ecolsys.35.120202.110122
Altermatt, F. 2013. Diversity in riverine

metacommunities: A network perspective.
Aquatic Ecology, 47(3), 365-377. DOI: 10.1007/
s10452-013-9450-3

Alvares, C. A., Stape, J. L., Sentelhas, P. C,
Gongalves, J. L. de M., & Sparovek, G. 2013.
Koppen'’s climate classification map for Brazil.
Meteorologische Zeitschrift, 22(6), 711-728.
DOI: 10.1127/0941-2948/2013/0507

Anderson, M. J. 2006. Distance-Based Tests for
Homogeneity of Multivariate Dispersions.
Biometrics, 62(1), 245-253. DOI: 10.1111/j.1541-
0420.2005.00440.x

Anderson, M. J., Crist, T. O., Chase, J. M., Vellend,
M., Inouye, B. D., Freestone, A. L., Sanders, N.
J., Cornell, H. V., Comita, L. S., Davies, K. F,,
Harrison, S. P, Kraft, N. J. B, Stegen, J. C,, &
Swenson, N. G. 2011. Navigating the multiple
meanings of B diversity: A roadmap for the
practicing ecologist. Ecology Letters, 14(1), 19—
28. DOI: 10.1111/j.1461-0248.2010.01552.x

Antao, L. H., McGill, B., Magurran, A. E., Soares,
A. M. V. M., & Dornelas, M. 2019. B-diversity
scaling patterns are consistent across metrics
and taxa. Ecography, 42(5), 1012-1023. DOL:
10.1111/ecog.04117

Arantes, C. C., Winemiller, K. O., Petrere, M.,
Castello, L., Hess, L. L., & Freitas, C. E. C. 2018.
Relationships between forest cover and fish
diversity in the Amazon River floodplain.
Journal of Applied Ecology, 55(1), 386-395. DOL:
10.1111/1365-2664.12967

Barila, T. Y., Williams, R. D., & Stauffer, J. R. 1981.
The influence of stream order and selected
stream bed parameters on fish diversity in
Raystown Branch, Susquehannariverdrainage,



Pennsylvania. The Journal of Applied Ecology,
18(1), 125. DOI: 10.2307/2402482

Baselga, A. 2010. Partitioning the turnover and
nestedness components of beta diversity.
Global Ecology and Biogeography, 19(1), 134—
143. DOI: 10.1111/j.1466-8238.2009.00490.x

Baselga, A. 2013. Separating the two components
of abundance-based dissimilarity: balanced

abundance vs. abundance
gradients. Methods in Ecology and Evolution,
4(6), 552-557. DOI: 10.1111/2041-210X.12029

Baselga, A. 2017. Partitioning abundance-based
multiple-site dissimilarity into components:
balanced
abundance gradients. Methods in Ecology and
Evolution, 8(7), 799-808. DOI: 10.1111/2041-
210X.12693

Baselga, A., Jimenez-Valverde, A., & Niccolini,
G. 2007. A multiple-site similarity measure

changes in

variation in abundance and

independent of richness. Biology Letters, 3(6),
642-645. DOI: 10.1098/1sb1.2007.0449

Baselga, A., & Orme, C. D. L. 2012. betapart: an R
package for the study of beta diversity. Methods
in Ecology and Evolution, 3(5), 808-812. DOI:
10.1111/j.2041-210X.2012.00224.x

Baselga, A., Orme, C. D. L., Villeger, S., De Bortoli,
J., Leprieur, F., Logez, M., Martinez-Santalla,
S., Martin-Devasa, R., Gomez-Rodrigues,
C., Crujeiras, R. M., & Henriques-Silva, R.
2023. betapart: Partitioning beta diversity
into turnover and nestedness components. R
Package Version 1.6.

Benone, N. L., Ligeiro, R., Juen, L., & Montag, L.
F. A. 2018. Role of environmental and spatial
processes structuring fish assemblages in
streams of the eastern Amazon. Marine and
Freshwater Research, 69(2), 243. DOI: 10.1071/
MF17103

Blanchet, F. G., Legendre, P., Bergeron, J. A. C., &
He, F. 2014. Consensus RDA across dissimilarity
coefficients for ordination of
community composition data. Ecological
Monographs, 84(3),491-511. DOI: 10.1890/13-0648.1

Blanchet, F. G., Legendre, P., & Borcard, D. 2008.
Forward selection of explanatory variables.
Ecology, 89(9), 2623-2632. DOI: 10.1890/07-0986.1

Borcard, D., Gillet, F, & Legendre, P. 2018.
Numerical Ecology with R. Methods. 2th editio
2th editio ed. New York, NY: Springer New York.
DOI: 10.1007/978-1-4419-7976-6

canonical

Oliveira eral. | 397

Brown, B. L., Sokol, E. R., Skelton, J., & Tornwall,
B. 2017. Making sense of metacommunities:
dispelling the mythology of a metacommunity
typology. Oecologia, 183(3), 643-652. DOI:
10.1007/s00442-016-3792-1

Buckup, P. A., Menezes, N. A., & Ghazzi, M. S. 2007.
Catdlago das espécies de peixes de dgua doce
do Brasil. M. A. Monné & U. Caramaschi (Eds.),
Rio de janeiro: Museu Nacional: p. 195.

Bush, A., Harwood, T., Hoskins, A. J., Mokany, K., &
Ferrier, S. 2016. Current Uses of Beta-Diversity
in Biodiversity Conservation: A response to
Socolar et al. Trends in Ecology & Evolution,
31(5), 337-338. DOLI: 10.1016/j.tree.2016.02.020

Carvajal-Quintero, J., Villalobos, F., Oberdorff,
T., Grenouillet, G., Brosse, S., Hugueny, B.,
Jézéquel, C., & Tedesco, P. A. 2019. Drainage
network position and historical connectivity
explain global patterns in freshwater fishes’
range size. Proceedings of the National
Academy of Sciences, 116(27), 13434-13439.
DOI: 10.1073/pnas.1902484116

Carvalho, R. A,, Teresa, F. B., & Tejerina-Garro, F.
L. 2020. The effect of riverine networks on fish
B-diversity patterns in a Neotropical system.
Hydrobiologia, 9. DOI: 10.1007/s10750-020-
04459-9

Casatti, L., Teresa, F. B., Goncalves-Souza, T.,
Bessa, E., Manzotti, A. R., Goncalves, C.daS., &
Zeni, J. D. O. 2012. From forests to cattail: how
does the riparian zone influence stream fish?
Neotropical Ichthyology, 10(1), 205-214. DOL:
10.1590/S1679-62252012000100020

Castillo-Escriva,A., Valls,L.,Rochera, C.,Camacho,
A., & Mesquita-Joanes, F. 2017. Disentangling
environmental, spatial, and historical effects
on ostracod communities in shallow lakes.
Hydrobiologia, 787(1), 61-72. DOI: 10.1007/
s10750-016-2945-x

Cetra, M., Petrere Junior, M., & Barrella, W. 2017.
Relative influences of environmental and
spatial factors on stream fish assemblages
in Brazilian Atlantic rainforest. Fisheries
Management and Ecology, 24(2), 139-145. DOL:
10.1111/fme.12207

Conselho Federal de Medicina Veterindria. 2012.
Guia brasileiro de boas praticas para eutanésia
em animais. Brasil: CFMV: p. 68.

Chase, J. M., Kraft, N. J. B., Smith, K. G., Vellend,
M., & Inouye, B. D. 2011. Using null models

Oecol. Aust. 27(4): 389-402,2023



398 | Beta diversity of fish communities in Cerrado streams

to disentangle variation in community
dissimilarity from variation in o-diversity.
Ecosphere, 2(2), art24. DOI: 10.1890/ES10-00117.1

Connell, J. H.,, & Sousa, W. P. 1983. On the Evidence
Needed to Judge Ecological Stability or
Persistence. The American Naturalist, 121(6),
789-824. DOI: 10.1086/284105

Cummins, K. W. 1962. An evaluation of some
techniques for the collection and analysis of
benthic samples with special emphasis on lotic
waters. American Midland Naturalist, 67(2),
477.DOI: 10.2307/2422722

Cunha, E. R., Winemiller, K. O., da Silva, J. C. B,,
Lopes, T. M., Gomes, L. C., Thomaz, S. M., &
Agostinho, A. A. 2019. a and [ diversity of fishes
in relation to a gradient of habitat structural
complexity supports the role of environmental
filtering in community assembly. Aquatic
Sciences, 81(2), 38. DOL: 10.1007/s00027-019-0634-3

Dala-Corte, R. B., Becker, F. G., & Melo, A. S. 2017.
The importance of metacommunity processes
for long-term turnover of riffle-dwelling fish
assemblages depends on spatial position
within a dendritic network. Canadian Journal
of Fisheries and Aquatic Sciences, 74(1), 101-
115. DOI: 10.1139/cjfas-2016-0049

Dala-Corte, R. B., Sgarbi, L. F., Becker, F. G., &
Melo, A. S. 2019. Beta diversity of stream
fish communities along anthropogenic
environmental gradients at multiple spatial
scales. Environmental Monitoring and
Assessment, 191(5), 288. DOI: 10.1007/s10661-
019-7448-6

Datry, T., Melo, A. S., Moya, N., Zubieta, J., De la
Barra, E., & Oberdorff, T. 2016. Metacommunity
patterns across three Neotropical catchments

with varying environmental harshness.
Freshwater Biology, 61(3), 277-292. DOL:
10.1111/fwb.12702

De Bie, T., Meester, L., Brendonck, L., Martens,
K., Goddeeris, B., Ercken, D., Hampel, H,
Denys, L., Vanhecke, L., Gucht, K., Wichelen, J.,
Vyverman, W., & Declerck, S.aJ. 2012. Body size
and dispersal mode as key traits determining
metacommunity  structure of aquatic
organisms. Ecology Letters, 15(7), 740-747. DOLI:
10.1111/j.1461-0248.2012.01794.x

De Matos, L. S., Silva, J. O. S., de Andrade, P. S. M.,
& Carvalho, L. N. 2016. Diet of characin, Brycon
falcatus (Muller and Troschel, 1844) in the

Oecol. Aust. 27(4): 389-402,2023

Amazon Basin: a case study on an attractant for
fish in the Teles Pires River. Journal of Applied
Ichthyology, 32(6), 1080-1085. DOI: 10.1111/
jai.13108

Dray, S., Legendre, P., & Peres-Neto, P. R.
2006. Spatial modelling: a comprehensive
framework for Principal Coordinate Analysis
of Neighbour Matrices (PCNM). Ecological
Modelling, 196(3-4), 483-493. DOI: 10.1016/j.
ecolmodel.2006.02.015

Erés, T. 2017. Scaling fish metacommunities in
stream networks: synthesis and future research
avenues. Community Ecology, 18(1), 72-86.
DOI: 10.1556/168.2017.18.1.9

Eros, T., Sély, P., Takécs, P, Higgins, C. L., Bir6,
P, & Schmera, D. 2014. Quantifying temporal
variability in the metacommunity structure
of stream fishes: The influence of non-
native species and environmental drivers.
Hydrobiologia, 722(1), 31-43. DOI: 10.1007/
s10750-013-1673-8

Fernandes, I. M., Lourenco, L. S., Ota, R. P.,, Moreira,
M. M. M., & Zawadzki, C. H. 2013. Effects of local
and regional factors on the fish assemblage
structure in Meridional Amazonian streams.
Environmental Biology of Fishes, 96(7), 837-
848. DOI: 10.1007/s10641-012-0079-1

Fricke, R., Eschmeyer, W. N., & Van der Laan, R.
2019. Eschmeyer Catalog of Fishes: genera,
species, references. Retrieved on August 7, 2019,
from http://researcharchive.calacademy.org/
research/ichthyology/catalog/fishcatmain.asp

Froese, R., & Pauly, D. 2019. FishBase. Retrieved on
August 7, 2019, from www.fishbase.org

Fukami, T. 2015. Historical -contingency
in community  assembly: integrating
niches, species pools, and priority effects.
Annual Review of Ecology, Evolution, and
Systematics, 46(1), 1-23. DOI: 10.1146/annurev-
ecolsys-110411-160340

Garcia, A. S., & Ballester, M. V. R. 2016. Land cover
and land use changes in a Brazilian Cerrado
landscape: drivers, processes, and patterns.
Journal of Land Use Science, 11(5), 538-559.
DOI: 10.1080/1747423X.2016.1182221

Gilbert, B., & Lechowicz, M. J. 2004. Neutrality,
niches, and dispersal in a temperate forest
understory. Proceedings of the National
Academy of Sciences, 101(20), 7651-7656. DOI:
10.1073/pnas.0400814101



Harrison, S., Ross, S. J., & Lawton, J. H. 1992. Beta
Diversity on Geographic Gradients in Britain.
The Journal of Animal Ecology, 61(1), 151. DOL:
10.2307/5518

Heino, J., Melo, A. S., Bini, L. M., Altermatt, F., Al-
Shami, S. a, Angeler, D. G., Bonada, N., Brand,
C., Callisto, M., Cottenie, K., Dangles, O,
Dudgeon, D., Encalada, A., Gothe, E., Gronroos,
M., Hamada, N., Jacobsen, D., Landeiro, V. L.,
Ligeiro, R., Martins, R. T., Miserendino, M.
L., Md Rawi, C. S., Rodrigues, M. E., Roque,
F. D. O., Sandin, L., Schmera, D., Sgarbi, L.
F., Simaika, J. P, Siqueira, T., Thompson, R.
M., & Townsend, C. R. 2015. A comparative
analysis reveals weak relationships between
ecological factors and beta diversity of stream
insect metacommunities at two spatial levels.
Ecology and Evolution, 5(6), 1235-1248. DOI:
10.1002/ece3.1439

Herrera-Pérez, ]., Parra, J. L., Restrepo-Santamaria,
D., & Jiménez-Segura, L. F. 2019. The Influence
of Abiotic Environment and Connectivity on
the Distribution of Diversity in an Andean Fish
Fluvial Network. Frontiers in Environmental
Science, 7, 1-8. DOI: 10.3389/fenvs.2019.00009

Hill, M. J., Biggs, J., Thornhill, I., Briers, R. A.,
Gledhill, D. G., White, J. C., Wood, P. J., &
Hassall, C. 2017. Urban ponds as an aquatic
biodiversity resource in modified landscapes.
Global Change Biology, 23(3), 986-999. DOL:
10.1111/gcb.13401

ICMBio. 2021. Cerrado. Cerrado — Instituto Chico
Mendes de Conservagdo da Biodiversidade.
Retrieved on July 17, 2023, from https://www.gov.
br/icmbio/pt-br/assuntos/biodiversidade/unidade-
de-conservacao/unidades-de-biomas/cerrado

Jackson, D. A., Peres-Neto, P. R., & Olden, J. D. 2001.
What controls who is where in freshwater fish
communities - the roles of biotic, abiotic, and
spatial factors. Canadian Journal of Fisheries
and Aquatic Sciences, 58(1), 157-170. DOL:
10.1139/f00-239

Jiang, X., Chen, J., & Xie, Z. 2019. Different roles
of elevational and local environmental factors
on abundance-based beta diversity of the soil
Enchytraeidae on the Changbai Mountain.
Ecology and Evolution, 9(4), 2180-2188. DOL:
10.1002/ece3.4913

Klink, C. A., & Machado, R. B. 2005. Conservation
of the Brazilian Cerrado. Conservation

Oliveira eral. | 399

Biology, 19(3), 707-713. DOI: 10.1111/j.1523-
1739.2005.00702.x

Koleff, P., Gaston, K. J.,, & Lennon, J. J. 2003.
Measuring beta diversity for presence-absence
data. Journal of Animal Ecology, 72(3), 367-382.
DOI: 10.1046/j.1365-2656.2003.00710.x

Kottek, M., Grieser, J., Beck, C., Rudolf, B., & Rubel, F.
2006. World map of the Képpen-Geiger climate
classification =~ updated. = Meteorologische
Zeitschrift, 15(3), 259-263. DOI: 10.1127/0941-
2948/2006/0130

Labbe, T. R., & Fausch, K. D. 2000. Dynamics
of intermittent regulate
persistence of a threatened fish at multiple
scales. Ecological Applications, 10(), 1774-1791.
DOI:10.1890/1051-0761(2000)010[1774:DOISHR]2.0.CO;2

Lampert, V. R, Dala-Corte, R. B., Schultz Artioli,
L. G., & Fialho, C. B. 2018. Do riffle and pool
fish assemblages respond differently to
longitudinal position along a subtropical
stream network? Fundamental and Applied
Limnology / Archiv Fiir Hydrobiologie, 192(2),
115-128. DOI: 10.1127/fal/2018/1186

Landeiro, V. L., Magnusson, W. E., Melo, A. S.,
Espirito-Santo, H. M. V., & Bini, L. M. 2011.
Spatial eigenfunction analyses in stream
networks: do watercourse and overland
distances produce different results? Freshwater
Biology, 56(6), 1184-1192. DOI: 10.1111/j.1365-
2427.2010.02563.x

Legendre, P. 2008. Studying beta diversity:
ecological variation partitioning by multiple
regression and canonical analysis. Journal of
Plant Ecology, 1(1), 3-8. DOI: 10.1093/jpe/rtm001

Legendre, P. 2019. A temporal beta-diversity
index to identify sites that have changed in
exceptional ways in space-time surveys.
Ecology and Evolution, 9(6), 3500-3514. DOL:
10.1002/ece3.4984

Legendre, P.,&Anderson,M.J.1999. Distance-based
redundance analyses: testing multispecies
responses in  multifactorial  ecologicla
experiments. Ecological Monographs, 69(1),
1-24. DOI:10.1890/0012-9615(1999)069[0001:DB
RATM]2.0.CO;2

Legendre, P., Borcard, D., & Peres-Neto, P. R. 2005.
Analyzing beta diversity: Partitioning the
spatial variation of community composition
data. Ecological Monographs, 75(4), 435-450.
DOI: 10.1890/05-0549

stream habitat

Oecol. Aust. 27(4): 389-402,2023



400 | Beta diversity of fish communities in Cerrado streams

Leibold, M. A., Holyoak, M., Mouquet, N.,
Amarasekare, P., Chase, J. M., Hoopes, M.
F., Holt, R. D., Shurin, J. B., Law, R., Tilman,
D., Loreau, M., & Gonzalez, A. 2004. The
metacommunity concept: A framework for
multi-scale community ecology. Ecology
Letters, 7(7), 601-613. DOI: 10.1111/j.1461-
0248.2004.00608.x

Leprieur, F., Tedesco, P. A., Hugueny, B., Beauchard,
0., Diirr, H. H,, Brosse, S., & Oberdorff, T. 2011.
Partitioning global patterns of freshwater fish
beta diversity reveals contrasting signatures
of past climate changes. Ecology Letters, 14(4),
325-334.DOI: 10.1111/j.1461-0248.2011.01589.x

Lima, L. B., Oliveira, F. J. M., Borges, F. V., Corréa,
F., & Lima-Junior, D. P. 2021. Streams fish
from Upper Araguaia and Middle Rio da
Mortes basin, Brazil: generating subsidies for
preservation and conservation of this critical
natural resource. Biota Neotropica, 21(4). DOI:
10.1590/1676-0611-bn-2021-1205

Liu, Z., Heino, J., Soininen, J., Zhou, T., Wang,
W., Cuj, Y., Chen, Y., Li, Z., Zhang, J., & Xie,
Z. 2022. Different responses of incidence-
weighted and abundance-weighted multiple
facets of macroinvertebrate beta diversity to
urbanization in a subtropical river system.
Ecological Indicators, 143, 109357. DOI:
10.1016/j.ecolind.2022.109357

Lopez-Delgado, E. O., Winemiller, K. O., & Villa-
Navarro, F. A. 2019. Do metacommunity
theories explain spatial variation in fish
assemblage structure in a pristine tropical
river? Freshwater Biology, 64(2), 367-379. DOL:
10.1111/fwb.13229

Lopez-Delgado, E. O., Winemiller, K. O., & Villa-
Navarro, F. A.2020. Local environmental factors
influence beta-diversity patterns of tropical
fish assemblages more than spatial factors.
Ecology, 101(2), 1-12. DOI: 10.1002/ecy.2940

Magalhdes, M. FE., Batalha, D. C., & Collares-
Pereira, M. J. 2002. Gradients in stream
fish assemblages across a Mediterranean
landscape: contributions of environmental
factors and spatial structure. Freshwater
Biology, 47(5), 1015-1031. DOI: 10.1046/j.1365-
2427.2002.00830.x

Myers, J. A., Chase, J. M., Jiménez, 1., Jorgensen, P.
M., Araujo-Murakami, A., Paniagua-Zambrana,
N., & Seidel, R. 2013. Beta-diversity in temperate

Oecol. Aust. 27(4): 389-402,2023

and tropical forests reflects dissimilar
mechanisms of community assembly. Ecology
Letters, 16(2), 151-157. DOI: 10.1111/ele.12021

Oksanen, J., Simpson, G., Blanchet, F., Kindt, R.,
Legendre, P., Minchin, P., O’'Hara, R., Solymos,
p., Stevens, M., Szoecs, E., Wagner, H. H.,
Barbour, M., Bedward, M., Bolker, B., Borcard,
D., Carvalho, G., Chirico, M., De Caceres,
M., Durand, S., Evangelista, H., FitzJohn, R,
Friendly, M., Furneaux, B. R., Hannigan, G,
Hill, M. O., Lahti, L., McGlinn, D., Ouelette, M.
H., Cunha, E. R,, Smith, T. W,, Stier, A. C., ter
Braak, C., & Weedon, J.2022. Vegan: Community
Ecology Package (R Package Version 2.6-2).

Patrick, C.J.,Anderson, K. E., Brown, B.L., Hawkins,
C. P, Metcalfe, A., Saffarinia, P., Siqueira, T,
Swan, C. M., Tonkin, J. D., & Yuan, L. L. 2021.
The application of metacommunity theory
to the management of riverine ecosystems.
WIRESs Water, 8(6), 1-21. DOI: 10.1002/wat2.1557

Peres-Neto, P. R., Legendre, P., Dray, S., & Borcard,
D. 2006. Variation Partitioning of Species
Data Matrices: Estimation and Comparison of
Fractions. Ecology, 87(10), 2614-2625.

Poff, N. L. 1997. Landscape Filters and Species
Traits: Towards Mechanistic Understanding
and Prediction in Stream Ecology. Journal of
the North American Benthological Society,
16(2), 391-409. DOLI: 10.2307/1468026

QGIS Development Team. 2018. Qgis: Geographic
Information System. Open Source Geospatial
Foundation Project.

Raffler, C. 2018. QNEAT3 - Qgis Network Analysis
Toolbox 3. Version 1.0.2.

Rahel, F. J. 1990. The hierarchical nature of
community persistence: a problem of scale.
The American Naturalist, 136(3), 328-344. DOI:
10.1086/285101

RCoreTeam.2023.R:ALanguage and environment
for statistical computing. R Foundation for
Statistical Computing. Vienna, Austria.

Ricotta, C. 2017. Of beta diversity, variance,
evenness, and dissimilarity. Ecology and
Evolution, 7(13),4835-4843. DOI: 10.1002/ece3.2980

Roa-Fuentes, C. A., & Casatti, L. 2017. Influence of
environmental features at multiple scales and
spatial structure on stream fish communities
in a tropical agricultural region. Journal
of Freshwater Ecology, 32(1), 281-295. DOLI:
10.1080/02705060.2017.1287129



Schlosser, I. J. 1982. Fish Community Structure
and Function along Two Habitat Gradients in
a Headwater Stream. Ecological Monographs,
52(4), 395-414. DOI: 10.2307/2937352

Schmera, D.,Arva, D., Boda, P., B4dis, E., Bolgovics,
A., Borics, G., Csercsa, A., Dedk, C., Krasznai, E.
A., Lukécs, B. A., Mauchart, P, Mora, A., Saly,
P, Specziar, A., Siiveges, K., Szivak, 1., Takécs,
P, Téth, M., Varbir6, G., Vojtké, A. E., & Er6s,
T. 2017. Does isolation influence the relative
role of environmental and dispersal-related
processes in stream networks? An empirical
test of the network position hypothesis using
multiple taxa. Freshwater Biology, 63(1), 74-85.
DOI: 10.1111/fwb.12973

Schmidt, R. C., Woods, T., & Nyingi, W. D. 2022.
Drivers of species richness and beta diversity
of fishes in an Afrotropical intermittent river
system. Ecology and Evolution, 12(12), 1-11.
DOI: 10.1002/ece3.9659

Socolar, J. B., Gilroy, J. J., Kunin, W. E., & Edwards,
D. P. 2016. How Should Beta-Diversity Inform
Biodiversity Conservation? Trends in Ecology &
Evolution, 31(1),67-80.DOI: 10.1016/j.tree.2015.11.005

Soininen, J. 2014. A quantitative analysis of species
sorting across organisms and ecosystems.
Ecology, 95(12), 3284-3292. DOI: 10.1890/13-
2228.1.sm

Soininen, J. 2016. Spatial structure in ecological
communities - a quantitative analysis. Oikos,
125(2), 160-166. DOI: 10.1111/0ik.02241

Soininen, J., Bartels, P.,, Heino, J., Luoto, M., &
Hillebrand, H. 2015. Toward more integrated
ecosystem research in aquatic and terrestrial
environments. BioScience, 65(2), 174-182. DOI:
10.1093/biosci/biu216

Soininen, J., McDonald, R., & Hillebrand, H. 2007.
The distance decay of similarity in ecological
communities. Ecography, 30(1), 3-12. DOL
10.1111/j.2006.0906-7590.04817.x

Strahler, A. N. 1957. Quantitative analysis of
watershed geomorphology. Transactions,
American Geophysical Union, 38(6), 913. DOI:
10.1029/TR038i006p00913

Saarez, Y. R., Azevedo, V. V., & Penha, J. M. F. 2019.
Isolation and lagoon morphometry define fish
diversity and composition in nearshore areas
of floodplain lagoons of the southern pantanal.
Oecologia Australis, 23(4), 1000-1011. DOI:
10.4257/0ec0.2019.2304.23

Oliveira eral. | 401

Taylor, C. M., & Warren, M. L. 2001. Dynamics in
speciescomposition of streamfish assemblages:
environmental variability and nested subsets.
Ecology, 82(8), 2320-2330. DOI:10.1890/0012-
9658(2001)082[2320:DISCOS]2.0.CO;2

Teresa, F. B, & Casatti, L. 2012. Influence of forest
cover and mesohabitat types on functional
and taxonomic diversity of fish communities
in Neotropical lowland streams. Ecology
of Freshwater Fish, 21(3), 433-442. DOI:
10.1111/j.1600-0633.2012.00562.x

Teresa, F. B, Souza, L. S. de, Silva, D. M. A. da,
Barbosa, H. de O., Lima, J. D., & Nabout, J. C.
2016. Environmental constraints structuring
fish assemblages in riffles: evidences from a
tropical stream. Neotropical Ichthyology, 14(3),
1-6. DOI: 10.1590/1982-0224-20150185

Tonkin, J. D., Heino, J., & Altermatt, F. 2018.
Metacommunities in river networks: The
importance of structure and
connectivity on patterns and processes.
Freshwater Biology, 63(1), 1-5. DOI: 10.1111/
fwb.13045

Troia, M.]., & Gido, K. B. 2015. Functional strategies
drive community assembly of stream fishes
along environmental gradients and across
spatial scales. Oecologia, 177(2), 545-559. DOL:
10.1007/s00442-014-3178-1

Tuomisto, H. 2010a. A diversity of beta diversities:
Straightening up a concept gone awry. Part 1.
Defining beta diversity as a function of alpha
and gamma diversity. Ecography, 33(1), 2-22.
DOI: 10.1111/j.1600-0587.2009.05880.x

Tuomisto, H. 2010b. A diversity of beta diversities:
straightening up a concept gone awry. Part
2. Quantifying beta diversity and related
phenomena. Ecography, 33(1), 23-45. DOL
10.1111/j.1600-0587.2009.06148.x

Tuomisto, H., & Ruokolainen, K. 2006. Analyzing
or explaining beta diveristy? Understanding
the targets of different methods of analysis.
Ecology, 87(11), 2697-2708. DOI: 10.1890/11-
1136.1

Venere, P. C., & Garutti, V. 2011. Peixes do Cerrado:
Parque Estadual da Serra Azul, Rio Araguaia,
MT. 1 ed. Sao Carlos: Rima Editora: p. 220.

Vitorino Janior, O. B., Fernandes, R., Agostinho,
C. S., & Pelicice, F. M. 2016. Riverine networks
constrain [-diversity patterns among fish
assemblages in a large Neotropical river.

network

Oecol. Aust. 27(4): 389-402,2023



402 | Beta diversity of fish communities in Cerrado streams

Freshwater Biology, 61(10), 1733-1745. DOI: Submitted: 20 April 2023
10.1111/fwb.12813 Accepted: 28 September 2023
Whittaker, R. H. 1972. Evolution and mensurement Published online: 04 October 2023
of species diversity. Taxon, 21(2/3), 213-251. Associate Editor: Bruno Soares

DOI: 10.2307/1218190

Whittaker, R. H., Bormann, F. H., Likens, G. E,,
& Siccama, T. G. 1974. The Hubbard Brook
Ecosystem Study: Forest Biomass and
Production. Ecological Monographs, 44(2),
233-254. DOI: 10.2307/1942313

Wilson, M. V., & Shmida, A. 1984. Measuring
beta diversity with presence-absence data.
The Journal of Ecology, 72(3), 1055. DOL:
10.2307/2259551

Zbinden, Z. D., Geheber, A. D., Lehrter, R. J., &
Matthews, W. J. 2022. Multifaceted assessment
of stream fish alpha and beta diversity using
spatial models. Hydrobiologia, 849(8), 1795-
1820. DOI: 10.1007/s10750-022-04824-w

Zbinden, Z.D., &Matthews, W.].2017. Betadiversity
of stream fish assemblages: partitioning
variation between spatial and environmental
factors. Freshwater Biology, 62(8), 1460-1471.
DOI: 10.1111/fwb.12960

SUPPLEMENTARY MATERIAL

Figure S1. (a) Incidence-based species
accumulation curves (i.e., species richness), (b)
Sample completeness curves based on the number
of sampling sites (c) coverage-based sampling
curves based on species richness.

Table S1. Fish abundance, mean total length (TL),
mean standard length (SL) and weight (W), and
the taxonomic identification collected in streams
in the Upper Araguaia River basin.

Table S2. List of individual abundances and
species richness.

Figure S2. Ordination of environmental variables
groups with principal components analysis (PCA)
of streams (n = 35 sites). A: limnological variables;
B: within stream variables; C: stream bank
variables.
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