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Abstract: Aim: The present study analyzed the spatial variation in fish species richness 
and composition in streams of the Ivinhema River basin, Upper Paraná basin, determining 
the relationship between local and regional descriptors of the fish assemblage organization; 
Method: From 2001 to 2011 we sampled 200 stream stretches, using different sampling 
methods. Local species richness and composition were analyzed using univariate and 
multivariate methods to detect patterns of variation in the fish assemblage organization; 
Results: We identified 111 fish species in the streams, and estimated the occurrence of 
117 fish species (CIα0.05 = 111 to 123) with lower species richness in headwater streams 
compared to the lower parts of the basin. The fish species recorded were predominantly 
of small size, and the mean size increased from the headwaters to the river mouth. The 
four most common species are widely distributed in the basin. However, 24 species are 
allocthonous to the Upper Paraná basin, and two species (Chaetobranchopsis australis and 
Apistogramma commbrae) are recorded here for the first time in the Upper Paraná basin. 
Altitude was the main determinant of local fish species richness and composition, and a 
discontinuity in assemblage organization (richness, composition, fish size) was detected 
at approximately 430 m a.s.l.; Conclusion: Streams of the Ivinhema River basin are 
inhabited mainly by small-sized fishes; and longitudinal variation, interacting with local 
characteristics, determines the fish assemblage patterns.

Keywords: altitudinal gradient, neotropical region, assemblage organization, 
environmental filters.

Resumo: Objetivos: O presente estudo tem como objetivo analisar a variação especial 
na riqueza e composição de espécies de peixes em riachos da bacia do rio Ivinhema, Alto 
Rio Paraná determinando a relação entre características locais e regionais na organização 
das assembleias de peixes; Métodos: Amostramos 200 trechos de riachos entre 2001 e 
2011 utilizando diferentes petrecho de pesca. A riqueza local e composição de espécies 
foram analisadas utilizando métodos uni e multivariados buscando detectar padrões na 
organização das assembleias de peixes; Resultados: Identificamos 111 espécies de peixes 
nos riachos amostrados e estimamos a ocorrência de 117 espécies de peixes (ICα0,05 = 111 
a 123) com menor riqueza de espécies nos trechos de cabeceira quando comparados aos 
trechos inferiores da bacia. As espécies de peixes registradas são predominantemente de 
pequeno porte, com incremento no tamanho médio das nascentes para a foz do rio. 
As quatro espécies mais comuns são de ampla distribuição na bacia, no entanto, 24 
espécies são alóctones ao Alto Rio Paraná e duas espécies (Chaetobranchopsis australis e 
Apistogramma commbrae) são registradas pela primeira vez na bacia do Alto Rio Paraná. 
A altitude foi o principal determinante da riqueza e composição de espécies e uma 
descontinuidade na organização das assembleias (riqueza, composição e tamanho dos 
peixes) foi detectada a aproximadamente 430 m de altitude; Conclusões: Os riachos 
da bacia do rio Ivinhema apresentam principalmente espécies de pequeno porte e a 
variação de altitude, interagindo com fatores locais, determinam os padrões observados 
nas assembleias de peixes.

Palavras-chave: gradiente altitudinal, região neotropical, organização das assembleias, 
filtros ambientais.
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The Upper Paraná River basin is considered 
an area of endemism for many fish groups, the 
result of a formidable geographical barrier, until 
recently formed by the Sete Quedas waterfall, 
now submerged by the Itaipú Reservoir (Géry, 
1969; Britski and Langeani, 1988; Langeani et al., 
2007). The number of studies is increasing in the 
eastern portion of the basin, mainly in the state 
of São Paulo (Castro  et  al., 2003; Castro  et  al., 
2004; Castro  et  al., 2005; Casatti  et  al., 2006, 
Teresa and Casatti, 2010); however, the western 
portion is relatively little studied. A few studies 
have dealt with fish diversity and composition 
in rivers and streams of the Iguatemi River basin 
(Súarez and Petrere Júnior, 2003, 2005, 2006, 
2007). In the Ivinhema River basin, some small-
scale studies on the headwaters or lower portions 
of the basin have been carried out (Valério et al., 
2007; Súarez, 2008; Súarez and Lima-Júnior, 2009; 
Felipe and Súarez, 2010); however, no data on the 
large scale are available for this basin, that would 
allow understanding the fish species richness and 
distribution for the  basin as a whole.

The present study aimed to describe the general 
pattern of species richness and composition in the 
Ivinhema River basin, answering the following 
questions: 1) How many species occur in streams 
of the Ivinhema River basin? 2) Does longitudinal 
variation influence the species richness and 
composition for Ivinhema River basin? 3)  Can 
environmental descriptors be used to explain local 
species richness and composition in streams of the 
Ivinhema River basin?

2. Materials and Methods

2.1. Study area

The Ivinhema river basin is located to the right 
bank of the Paraná River, in the Mato Grosso do Sul 
State, Brazil (Figure 1). With approximately 600 km 
long and 45,000 km2 of area, this basin is one de 
few remaining segment with lotic characteristics 
in the Upper Paraná basin (without influence of 
damming). The Ivinhema River source is located 
approximately to 700 m of altitude at headwaters 
of Dourados River, that flows to Brilhante River 
and with your fusion with Vacaria River has been 
renamed to Ivinhema.

2.2. Sampling

The fish were caught in 200 stream stretches 
distributed along the entire basin, from 2001 
to 2011. The samples were taken mainly with a 

1. Introduction

Knowledge of the basic characteristics of 
biological assemblages is a first step toward the 
development of effective conservation policies. For 
many Brazilian hydrographic basins, the minimum 
requirement of a list of fish species is lacking, which 
makes it difficult or impossible to determine any 
general pattern of variation in species diversity and 
species-environment relationships.

The number of studies examining large-
scale spatial patterns of species distribution has 
increased in the last decade, mainly in temperate 
regions (Marsh-Matthews and Matthews, 2000; 
Oberdorff  et  al., 2001; Grenouillet  et  al., 2004; 
Hoeinghaus  et  al., 2007; Dauwalter  et  al. 2007; 
Higgins, 2010). Among the main results of 
these studies is the quantification of longitudinal 
gradients interacting with regional (inter-basin) 
differences in determining fish species richness and 
composition. In tropical streams fewer studies had 
realized and usually in smaller hydrographic basins.

The river continuum concept (Vannote et al., 
1980) proposed that predictable variations in 
aquatic communities occur according to their 
longitudinal position in a hydrographic basin. 
Therefore, alterations in organic-matter production/
input, combined with the constraining effect 
of hydrological features (Poff, 1997), can drive 
species richness and composition by regulating 
the colonization/extinction rate in each part of 
the basin.

Among the few studies on large-scale fish 
species distributions in the Neotropics are those 
of Bistoni and Hued (2002) on the altitudinal 
richness gradient in rivers of Argentina; Súarez and 
Petrere (2003) on the fish species distribution in 
lotic habitats of the Iguatemi River basin, Upper 
Paraná basin; Ferreira and Petrere (2009) on stream 
fish communities in the Itanhaém River basin; and 
Pinto  et  al. (2009) on fish ecoregions and local 
determinants of fish assemblages in the Paraiba do 
Sul River basin.

The existing studies in many biogeographic 
regions have suggested that interacting local and 
regional factors determine fish assemblage patterns. 
Then, longitudinal variation, together with local 
characteristics such as water velocity and stream 
volume, act to selecting species from a regional pool, 
mainly in headwaters; while in lower portions of 
the basin, the environmental homogeneity allows 
the occurrence of many fish species (Taylor and 
Warren Junior, 2001).
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and Synbranchiformes, the total length was used as 
a measure of size.

The total species richness and the species 
richness for each altitude class were estimated using 
the bootstrap procedure (Smith and van Belle, 
1984), as well as its confidence interval (α = 0.05), 
using presence/absence data for all samples. This 
procedure was selected for its robustness, with 
relatively large sample sizes (Hellmann and Fowler, 
1999).

To analyze the influence of environmental 
variables on local species richness, we performed a 
regression tree analysis, using the species richness 
as the response variable and the environmental 
characteristics as the explanatory variables. The 
regression tree analysis is a method of partitioning 
the variability in the response variable, in which the 
observations are divided into mutually exclusive 
groups, and these groups are the most homogeneous 
possible (De’Ath and Fabricius, 2000). Among 
the advantages of this method are simplicity in 
the graphical interpretation of the results, and 
the lack of need to transform the data, as well as 
the increased parsimony of the results (Turgeon 
and Rodriguez, 2005). This method efficiently 
captures the importance of explanatory variables 

rectangular sieve measuring 1.2  ×  0.8  m (2  mm 
mesh size) and electrofishing at each site, with 
approximately 100-m-long hauls. Streams with 
larger volume were sampled also, using a seine net 
1.5 × 5 m (2 mm mesh size) and gillnets of different 
mesh size (15, 20, 30, 40 and 50 mm) between 
adjacent knots. In the field, the fish were fixed in 
10% formalin and preserved in 70% ethanol for 
subsequent identification.

At each site a set of environmental variables was 
obtained, including the geographical coordinates, 
altitude, stream width, stream depth, water 
velocity, and water electrical conductivity, using 
a digital flowmeter and using a digital portable 
condutivimeter. As result of a long samples period 
others limnological variables are not available for all 
sites. Stream depth, width and water velocity were 
measured at least 5 times, in different portions of the 
sampling area, and a simple arithmetic mean were 
used as a descriptor of the stream stretch.

2.3. Data analysis

The streams were subdivided into classes of 
50  m of altitude, to compare species richness, 
size (standard length) and composition along the 
altitude gradient in the basin. For Gymnotiformes 

Figure 1. Location of sampled streams at Ivinhema River basin, Upper Paraná basin, from 2001 to 2011.
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T h e  m o s t  c o m m o n  s p e c i e s  w a s 
Astyanax  altiparanae, occurring in 129 sites 
(64.5%), followed by Serrapinnus notomelas (113 
sites, 56.5%), Bryconamericus stramineus (109 sites, 
54.5%) and Hypostomus  ancistroides (102 sites, 
51%). At least five species are undescribed, and 
two are recorded here in the Upper Paraná basin 
for thefor the first time (Chaetobranchopsis australis 
and Apistogramma commbrae).

The stream fish assemblage was composed 
mainly by small-sized species, 50 (45%) smaller 
than 10 cm (Figure 4a). The relative predominance 
of smaller species changed according to the 
altitudinal gradient at the basin, with an increase of 
mean size from the headwaters to the lower portion 
of the basin (Figure 4b).

that indicate a linear or non-linear influence on the 
response variable, observed in our data, by initial 
data inspections.

The frequency of occurrence of each species 
in an altitudinal gradient was used to generate a 
cluster analysis, using a Morisita-Horn coefficient 
and Unweighted Pair Group Method Average 
(UPGMA) as the ligation method. The cophenetic 
correlation was used as measure of fidelity of the 
dendrogram to the initial similarity matrix.

The potential use of the species sampled as an 
indicator of altimetric groups was performed by 
Indval analysis (Dufrêne and Legendre, 1997) using 
a multipatt routine in the indicspecies package 
(Caceres and Jansen, 2010), and a significance of 
indicator value was obtained for each species by a 
randomization procedure (999 permutations).

A gradient in the assemblage and the importance 
of environmental descriptors were assessed using 
a Canonical Correspondence Analysis (CCA). 
Species with a frequency of occurrence of at least 
10% of the total sites sampled were included in 
this analysis (27 species). This analysis was carried 
out using an R package (R  Development Core 
Team, 2011) through the cca function in the vegan 
package (Oksanen et al., 2011). The significance of 
environmental variables was assessed by the envfit 
function.

3. Results

A total of 111 fish species were collected, with 
an estimated richness of 117 species (CI0.05 = 111 
to 123), therefore approximately 95% of estimated 
species were sampled. The species richness ranged 
from zero to 54 species, with a median value 
of nine fish species. Approximately 45% of the 
sampling sites had fewer than nine recorded 
species (Figure  2). However, the species richness 
pattern varied according to position in longitudinal 
gradient, with approximately 20 species recorded 
in the upper portion of the basin, and more than 
90 in streams of the lower portion of the basin 
(Figure 3), considering accumulated and estimated 
species richness.

Characiformes predominated, with 54 species 
(48.6%) followed by Siluriformes with 38 
species (34.2%), Gymnotiformes with 9 (8.1%), 
Perciformes 6 (5.4%), Cyprinodontiformes 3 
(2.7%) and Synbranchiformes with 1 (0.9%). 
A total of 24 species (21.6%) are allocthonous 
to the Upper Paraná basin, 23 of them from the 
Neotropics and one from Africa (Tilapia rendalli).

Figure 2. Histogram of fish species richness by sampled 
stream in Ivinhema river basin, Upper Paraná basin, from 
2001 to 2011.

Figure 3. Gradient of species richness (bar) and estimated 
species richness (circle) with standard error along an 
altitude groups of sampled streams in Ivinhema River 
Basin, Upper Paraná basin from 2001 to 2011.
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The cluster analysis showed a clear differentiation 
in the fish assemblages in two altitude groups, 
below and above 430 m (Figure 6). This altimetric 
differentiation concorded with the frequency of 
occurrence of fish species along the altimetric 
gradient, generating significant Indicator values 
for many species.  Certain species, including 
Astyanax fasciatus, Apareiodon ibitiensis, A. piracicabae 

The regression tree analysis explained 62.4% of 
the variation in species richness data, and altitude 
was the main determinant of species richness 
(Figure  5). Streams located at an altitude lower 
than 308.5 m and with a mean width larger than 
5.36  m had the highest mean species richness 
(22.69  species). Streams located above 406.5  m 
had the lowest mean species richness (6.67 species).

Figure 5. Tree regression of species richness in streams of Ivinhema River Basin, Upper Paraná Basin, from 2001 to 2011.

Figure 4. Histogram of Standard length for all sampled species (a) and (b) mean ± standard error for standard length 
along a altitudinal gradient in streams of Ivinhema River Basin, Upper Paraná Basin, from 2001 to 2011.

a b
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only in streams from 380 to 480 m altitude, as a 
function of its exclusive occurrence in urban streams 
of Dourados city.

The first two axes of the canonical correspondence 
analysis explained 71.2% of the data variation. The 
first axis explained 45.5%, and the second axis 
explained 25.7%. All analyzed environmental 
descriptors had a significant influence on species 
distribution (Table  1), however altitude was the 
main determining factor.

Streams located at higher altitudes more often 
harbored A.  paranae and A.  fasciatus. In streams 
located in the lower portion of the basin, with greater 
stream width and depth, L. friderici, E. trilineata, 
H. marginatus and M. forestii were more common. 
In streams with higher water conductivity, the most 
common species were G. sylvius and C. aeneus, and 
in streams with higher water velocity, Hisonotus sp., 
H. insperatus, B. stramineus, and P. argentea, among 
others, were more common (Figure 8).

and Trichomycterus  sp. occurred predominantly in 
headwater streams. Others, including E. trilineata, 
F. amazona, H. anisitsi, L. friderici, L. platymetopon, 
P. galeatus, P. harpagos and P. kennedyi occurred only 
in streams in the lower portion of the basin. Still 
other species occurred in the entire basin (Figure 7). 
A particular case is Poecilia reticulata, which occurred 

Table 1. Results of canonical correspondence analysis for the occurrence of main fish species and environmental 
descriptors in streams of Ivinhema River basin, Upper Paraná basin, Brazil. *** = significantly to α = 0.001.

Environmental descriptors Axis 1 Axis 2 r2

Stream width –0.48   0.88 0.16***
Stream depth –0.82   0.58 0.24***
Water velocity   0.83   0.56 0.26***
Altitude   0.90 –0.44 0.33***
Water conductivity –0.40 –0.92 0.12***
Statistical summary 
Explained variation (%) 45.5% 25.7%

Figure 6. Similarity dendrogram of species composition 
(Morisita-Horn) along an altitude gradient in streams of 
Ivinhema River Basin, Upper Paraná Basin from 2001 
to 2011.

Figure 7. Variation in species distribution along altitude gradient in streams of Ivinhema River Basin, Upper Paraná 
basin from 2001 to 2011.
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study these two orders represented 82.9% of the 
species collected. Moreover, while the entire Upper 
Paraná basin contains 23.9% allochthonous/exotic 
species, in our study we found 21.6% allochthonous 
species. Therefore, the general patterns of species 
composition, order distribution, and introduced 
species are similar to that observed in the Upper 
Paraná basin as a whole.

The four most common fish species in streams of 
the Ivinhema River basin are widely distributed in 
the Upper Paraná basin. it is expected that they will 
also occur more frequently in the  streams sampled, 
because they are common in the whole Upper 
Paraná basin (Castro  et  al., 2003; Castro  et  al., 
2004; Cunico et al., 2009; Dias and Tejerina-Garro, 
2010; Teresa and Casatti, 2010). However, some 
species were recorded for the first time in the Upper 
Paraná basin (C. australis and A. commbrae); and at 
least 4.5% of the species collected are undescribed, 
suggesting the need for increasing fish inventories 
in this region.

4. Discussion

The Neotropical freshwater fish community 
is the most diversified in the world, with 
approximately 4,500 currently known species and 
an estimated richness of around 5,000 to 8,000 
species (Léveque et al., 2008). In the Upper Paraná 
River, 310 species, plus 50 other species awaiting 
descriptions are known so far (Langeani  et  al., 
2007). Our study included 30.8% of the total 
species richness in the Upper Paraná basin, which 
can be considered a relatively large proportion of the 
total richness, since only streams were sampled and 
the Ivinhema River basin comprises approximately 
5% of the total area of the Upper Paraná basin.

The observed predominance of Characiformes 
and Siluriformes was expected, in conformace 
with the general biogeographical pattern of 
Neotropical fish assemblages (Castro, 1999). In 
a recent compilation of species diversity in the 
Upper Paraná basin, Langeani et al. (2007) found 
that Characiformes and Siluriformes represent 
approximately 80% of the known species; in our 

Figure 8. Distribution of fish species along a gradient of altitude in streams of Ivinhema River Basin, Upper Paraná 
Basin from 2001 to 2011.
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species composition, explaining the larger total 
richness when compared to headwaters (Taylor and 
Warren Junior, 2001; Tondato and Súarez, 2010).

Poff (1997) proposed that hydrological 
characteristics can select species to colonize each 
part of a basin, according to their biological traits, 
and so hydrological variables act as environmental 
filters for the species. The effect of environmental 
filters can be viewed in many other regions 
(Martin-Smith, 1998). For example, in Malayan 
streams, differences in water velocity define 
species composition and the variability in species 
composition. Taylor and Warren Junior (2001) 
suggested that streams located in the lower portions 
of a basin have smaller hydrological variations, 
and consequently their fish assemblages are more 
influenced by migration. Similarly, Tondato and 
Súarez (2010) proposed for the Upper Paraguay 
and Paraná rivers, that altitudinal variation defines 
the rate of variation in species composition during 
the year, so streams located in the upper portion 
will show smaller temporal variations in species 
composition, while streams in the lower portion 
are more affected by seasonal migrations.

Pusey et al. (2000), studying fish assemblages 
in Australian streams, found that the predictability 
of a fish assemblage structure varies inversely 
with discharge variability, and landscape factors 
determine which species may be present at an 
individual location; however, local factors may 
determine the relative abundances of individual 
species. Oberdorff  et  al. (2001) quantified the 
relationship between hydrological variability and 
fish assemblage variability, and proposed that 
higher environmental variability drives higher 
variability in fish assemblages, with a higher 
probability of species extinction. The smaller 
species richness (accumulated and estimated) in 
headwater compared to lower stretches of streams 
can be associated with hydrological hardness (higher 
water velocity) and higher environmental variability 
in this part of the basin, possibly selecting only 
species with a specific morphology adapted to these 
conditions.

A predominance of smaller-sized species in 
streams is a general pattern in the Neotropics 
(Castro, 1999) and is considered a response 
to higher hydrological variability of streams 
(paedomorphic character). In our data we also 
observed this predominance, and a clear pattern 
of longitudinal increase in species size, mainly 
below 430 m of altitude; This suggests that smaller 
species can show higher population resilience, 

The streams usually had a low species richness 
(<9 species), due mainly to small volume of water 
in the majority of sampled sites. However, species 
richness varied according to the longitudinal 
gradient, with relatively few (approximately 20) 
species occurring in the headwater portions, and 
more than four times more (90 species) in the 
lower portion of the basin. This variation in species 
richness is well explained by the river continuum 
concept (Vannote  et  al., 1980), and although 
the streams are not arranged in a longitudinal 
continuum, as proposed by the RCC, the same 
pattern can be seen, because the fish that occur 
in the upper stretches must overcome the same 
environmental filters.

Gerhard et al. (2004), studying fish communities 
in the Brazilian Atlantic Forest, found a bimodal 
distribution of fish richness (± 2 and 14 species) 
in streams, associated with stream width, around 
3  m and 10  m respectively. In our study, only 
streams located at the lowest altitudes had a 
different mean width (6.2  m) compared to the 
other streams (± 3 m). Therefore, stream width in 
the streams studied is homogenously distributed 
in the Ivinhema River basin, and is not the main 
determinant of species richness.

Grenouillet et al. (2004) detected a clear increase 
of species richness along a longitudinal gradient, 
but this pattern is not linear, with a strong spatial 
autocorrelation, associated with variation in stream 
size. The longitudinal gradient observed by these 
authors concords with our data, which showed 
that longitudinal variation of altitude is the main 
determinant of species richness, followed by stream 
depth and width.

Stream depth and width are complementary 
measures of stream volume, which was one of 
the most efficient descriptors of species richness, 
being equivalent to island area in the theory of 
island biogeography (MacArthur and Wilson, 
1967). Therefore, streams with larger volumes 
(width and depth) have more resources available 
and consequently support higher species diversity 
(Gorman and Karr, 1978).

The river continuum concept proposes that 
physical, chemical and biological alterations along a 
longitudinal gradient in a watershed network drive 
the rate of species loss or gain, by the change in 
the probability of cataclysmic events and processes 
of channel development. The lower portions of a 
hydrographic basin have less stressful hydrological 
conditions compared to headwaters, and support 
higher species diversity and higher change rate in 
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Paraná (Casatti  et  al., 2006; Súarez and Petrere-
Júnior, 2007). 	 Therefore, the hydrological 
variables measured are adequate to describe the 
fish-environment relationship.

Townsend and Hildrew (1994) proposed 
that, considering a habitat templet for aquatic 
communities, and the predictability of species’ 
biological traits in response to spatial and temporal 
gradients, then variability in physical-chemical 
characteristics and spatial heterogeneity drive 
community organization, according to the species’ 
biological traits adjusted to specific conditions. 
Goldstein and Meador (2004) compared fish species 
traits along a stream size gradient, and proposed that 
characteristics such as feeding type, reproduction 
and morphology will show a predictable variation 
according to stream size.

In conclusion, the organization of an assemblage, 
including species size, richness and composition, is 
significantly influenced by hydrological parameters. 
Altitude, the main factor, can be considered a 
good surrogate of other hydrological descriptors. 
Although some species had wider distributional 
ranges in the basin, a large part occurred mainly 
in headwaters or in the lower part of the basin. 
The clear separation into two zones suggests 
hypothesis about different biological traits in these 
zones, in response to the hydrological gradient 
in hydrographic basin. Subsequent studies may 
explain the relationships between these traits and 
the environment.
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