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Abstract

On the left bank of the Cuibá River, one of the main tributaries of the Pantanal in Mato Grosso, are located the 
Chacororé and Sinhá Mariana Lakes and the Mutum River, the littoral regions of which are covered with aquatic 
macrophytes, dominated by the species Eichhornia crassipes and Eichhornia azurea. To examine the ichthyofauna 
associated with this vegetation, in the year 2003, 3510 fish were collected, distributed among 83 species, and the 
limnological variables verified near the macrophyte stands where they were sampled. The most abundant and richest 
order was the Characiformes, followed by the Gymnotiformes and Siluriformes. Analysis of similarity showed a very 
low, or null, index that the limnological conditions and morphology of the aquatic macrophyte species provide habitat 
sufficiently homogeneous to give. The limnological conditions and morphology of the aquatic macrophyte species 
provide a sufficient habitat heterogeneity to give very low, or null, index values. Thus, environmental conservation 
measures should be more effective in promoting the conservation of the species, given the high levels of biological 
diversity found in the habitats studied.

Keywords: Pantanal, fish ecology, aquatic macrophytes, Characiformes.

Peixes associados a macrófitas aquáticas no sistema de baías 
Chacororé-Sinhá Mariana e rio Mutum, Pantanal - MT

Resumo

À margem esquerda do rio Cuiabá, um dos principais afluentes do Pantanal matogrossense, estão localizadas as baías 
Chacororé e Sinhá Mariana e o rio Mutum, cujas regiões litorâneas são cobertas por macrófitas aquáticas. Com o 
intuito de se verificar a ictiofauna associada a esta vegetação, no ano de 2003, foram coletados 3510 peixes distri-
buídos em 83 espécies e verificados os valores das variáveis limnológicas próximo aos bancos de macrófitas onde 
estes foram amostrados. A ordem mais abundante e de maior riqueza foi Characiformes, seguida por Gymnotiformes 
e Siluriformes. As condições limnológicas e a morfologia das espécies de macrófitas proporcionam heterogeneidade 
de hábitat suficiente para obtenção de valores dos índices de similaridade baixos ou mesmo nulos. Assim, medidas de 
conservação ambiental devem ser mais eficientes, de forma que promovam a conservação das espécies, visto que os 
hábitats estudados mostraram valores elevados de diversidade biológica.

Palavras-chave: Pantanal, ecologia de peixes, macrófitas aquáticas, Characiformes.

1. Introduction

The neotropical region has an extremely rich 
freshwater fish fauna, with 4,475 valid species recog-
nized and another estimated 1,500 not yet described 
(Reis et al., 2003), of which 263 occur in the Pantanal 
(Britski et al., 1999).

The littoral regions of the rivers and lakes of the 
Pantanal are lined with aquatic macrophytes, whose 
production and accumulation of biomass vary in time 
and space (da Silva and Esteves, 1993; Penha et al., 
1998). Although 240 species of macrophytes occur in 

the Pantanal (Pott and Pott, 1997), the predominant spe-
cies in the Chacororé-Sinhá Mariana Lake system are 
Eichhornia crassipes (Mart.) Solms and E. azurea Kunth 
(Pinto et al., 1999; Nunes, 2003).

Various publications have been written about the 
ichthyofauna of the Pantanal (Catella and Petrere, 1996 
and 1998; Súarez, 1998; Moura, 2000; Oliveira and 
Nogueira, 2000; Resende, 2000; Wantzen et al., 2002; 
Machado, 2003), but few have focused on the relation-
ship between fish and aquatic macrophytes.  
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Considering the importance of aquatic macrophytes 
for the ichthyofauna in general, and the different lim-
nological conditions observed in the Chacororé-Sinhá 
Mariana Lake system and the Mutum River, this study 
was undertaken to characterize the composition and 
structure of the fish communities that occur in stands 
composed of E. crassipes or E. azurea species. 

2. Material and Methods

The Chacororé and Sinhá Mariana Lakes are located 
in the region of the municipalities of Santo Antônio de 
Leverger and Barão de Melgaço, on the left bank of the 
Cuiabá River (Figure 1). The Chacororé Lake, during 
the rainy season, is connected to an extensive floodable 
area to the northeast and, to the north, is connected to the 
Cuiabá River and Sinhá Mariana. 

The genesis of the Sinhá Mariana Lake lies in the 
widening of the canal of the Mutum River, which di-
rectly influences is morphometry. It is deeper and more 
elongated than the Chacororé and remains connected to 
the Cuiabá River throughout the year. 

The fish were captured during the year 2003, in 
the periods corresponding to high water (rainy sea-
son - March), receding (May), and low water (dry sea-
son - September), at six sampling sites. In Chacororé 
Lake, sampling was carried out in stands of Eichhornia 
crassipes (P1) (21k 0615537 and 8196165 UTM), in 
Sinhá Mariana Lake, samples were collected at two 
points: the area where the E. crassipes stands (P2) 
(16° 20’ 31’’S and 55° 54’ 56,8’’W) and the E. azurea 
stands (P3) (16° 19’ 58”S and 55° 55’ 03”W) are influ-
enced by Chacororé Lake, and the region influenced by the 
waters of the Mutum River – stands of E. crassipes (P4) 
(16° 19’ 51,6’’ S and 55° 53’ 0,6’’ W) and of E.  azurea (P5) 
(16° 20’ 07” S and 55° 52’ 17” W). The Mutum River, the 

sample site (P6) (16° 20’ 26’’ S and 55° 51’ 30’’ W) was 
covered by stands of E.  azurea. In Chacororé Lake and 
the Mutum River, there is a significant predominance of 
Eichhornia crassipes and E. azurea, respectively, which 
is the justification for having only one sampling point in 
each of these localities. 

The collection was conducted using a drag net 
(25 m long, 5 m high, and 5 mm mesh) between the 
hours of 11 and 12 hours. The fish were fixed in 10% 
formaldehyde and later preserved in 70% alcohol. 
Species identification was carried out with the aid of 
the key system proposed by Britski et al. (1999). The 
samples were deposited in the Support Laboratory of 
the Biosciences Institute of the Federal University of 
Mato Grosso (UFMT). 

The following physical-chemical variables of the 
water were recorded in the field, around the edges of the 
macrophyte stands: temperature (°C), pH, depth (m), 
transparency (m), turbidity (NTU), and conductivity 
(mScm–1). 

The associations of fish were analyzed by means of 
the Jackknife richness estimate (Krebs, 1998), relative 
abundance (%), number of individuals (N), richness (S), 
Berger-Parker dominance index (d), and Simpson diver-
sity index (D) (Magurran, 1988).

To analyze b diversity, which was verified among the 
different hydrological periods for each sampling site, as 
well as among the six sampling sites for each hydrologi-
cal period, the Sørensen (C

n
) similarity index, modified 

by Bray and Curtis (1957), was used.
To test the hypothesis that the distribution of the spe-

cies in the sampling sites varies in relation to the lim-
nological variables, an ordering technique was applied 
– Canonical Correspondence Analysis (CCA) – to the 
matrices of biotic (fish) and limnological variables, with 
the assistance of the PC-ORD program.

3. Results

  In general, the six sampling sites showed variation 
in the values of the limnological variables with respect to 
the hydrological period. The greatest variation in water 
level was observed at P6, which measured 3.3 m during 
the high water season and only 0.59 m during the low 
water season. Sampling site P1 presented the least vari-
ation in depth, with 2.95 m when waters were receding, 
and 2.2 m during the period of low water, varying only 
0.75 m (Figure 2a). 

The highest mean values of water temperature 
(about 31 °C) and turbidity (36.8 NTU) occurred in the 
low  water period, when the lowest depth was 0.87 m. 
In Figure 2b, it can be observed that the Mutum River 
(P6) presented the lowest water temperatures in the 
three seasons studied, varying from 26 °C in the period 
of receding waters, to 27.1 °C in the low water period, 
whereas the highest water temperatures were recorded in 
Chacororé Lake (P1), 28.7 °C in the period of high water 
and 33.7 °C in the period of low water.

Cuiabá
Chacororé Bay

Mutum River

Sinhá Mariana Bay

P
1

P
2

P
2 P

3
P

4
P

4
P

5
P

5 P
6

Figure 1. Location of the sampling sites in the study area; 
the arrows indicate the direction of the water flow.
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Sinhá Mariana Lake, the areas influenced by the waters 
of the Chacororá presented higher electrical conductivity 
compared to those that received water from the Mutum 
River (P6), as shown in Figure 2f. 

A total of 3,510 fish were captured, distributed 
among 6 orders, 22 families, and 82 species. Of these, 
44 (53.0%) were Characiforms, 16 (19.3%) Siluriformes 
and 11 (13.2%) Perciformes, and individuals pertaining 
to the orders Gymnotiformes, Cyprinodontiformes and 
Synbranchiformes together represented 14.5% of the 
species captured. 

The richness, estimated using the Jackknife  index 
calculated for the environment studies, was 104.7 
(dp 5.93), with a 5% confidence interval (79.2 to 130.2), 
with 34 species occurring only in the locale sampled. 
Thus, the collection carried out in the macrophyte stands 
corresponds to 78.3% estimated richness for the lakes 
and river in the system, since 82 species were sampled. 

Regarding abundance, Characiformes were domi-
nant, representing 42.4% of the total number of individu-

The highest mean values of pH (7.0-7.37) were 
observed at sampling site P1, in the three hydrological 
periods. The lowest value was 4.68, observed at site P6 
during the low water period (Figure 2c).

Considering all the sampling sites, water transpar-
ency values varied from 0.3 (at P1, low water) to 1.80 m 
(at P6, receding water). As shown in Figure 2d, the sites 
sampled in the region of Sinhá Mariana where water 
flows in from the Mutum River (P4 and P5) have higher 
transparency values than those that receive waters from 
the Chacororé (P2 and P3). 

The higher and the lower turbidity values were 
 observed during the periods of low and the high water, 
respectively. The lowest mean values (below 30 NTU) 
were found at P4, P5 and P6 sites, controlled by Mutum 
River and the highest mean values (above 30 NTU) 
in sites P1, P2, and P3 influenced by Chacororé water 
(Figure 2e). 

The electrical conductivity values varied  between 
58 mScm–1 at P1 in the period of high water, and 
5.86 mScm–1 at sampling site P5, during low water. For 
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Figure 2. Values of the limnological variables measured at the sampling sites in the periods of high, receding, and low water. 
A, temperature; B, pH; C, depth; D, transparency; E, turbidity; F, conductivity. P1, Chacororé; P2, Chacororé-Sinhá Mariana 
in a stand of Eichhornia crassipes; P3, Chacororé-Sinhá Mariana in a stand of Eichhornia azurea; P4, Sinhá-Mariana-
Mutum river in a stand of E. crassipes; P5, Sinhá-Mariana-Mutum River in a stand of E. azurea; and P6, Mutum River.
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als sampled, followed by Gymnotiformes (30.1%) and 
Perciformes (14.3%). 

The families Characidae, Sternopygidae, Cichlidae 
and Hypopomidae corresponded to 71.2% of the 
fish captured in the six sampling sites. In general, 
Characidae, Cichlidae and Sternopygidae, as well as 
Cichlidae, predominated in the period of high water 
as well as receding water. In the low water, however, 
Cichlidae was not dominant in any of the sampling 
sites, with Loricariidae, Sternopygidae and Characidae 
being more abundant.

At the Chacororé Lake sampling site (P1), a total of 
1,279 fish were captured, 39 in the period of high water, 
812 in the receding water, 428 in the low water period, be-
longing to 45 species. In the periods of high and receding 
water, the Sternopygidae family was most abundant, with 
17 and 335 individuals sampled, respectively. In the dry 
season, however, the Characidae family was dominant, 
with 96 individuals sampled. The most abundant species 
in each hydrological period are presented in Figure 3.

The Berger-Parker index shows that Eigenmannia 
trilineata was the dominant species at P1 during the three 
hydrological periods, with values around d = 0.42 dur-
ing the period of high and receding waters, and d = 0.18 
in the low water period, with the same value found for 
Pyrrhulina australis in the latter period, as well; the 
 diversity value varied between D = 0.10 in the low water 
and D = 0.23 in the period of receding water. 

At site P2, 366 individuals were captured – the 
lowest local abundance – 26 of which were captured 
in the high water season, 215 in the receding water, 
and 95 in the period of low water, distributed among 
32 species. The Characidae family was the most abun-
dant in the periods of high and low water, with 16 and 
35  individuals, respectively. During the period of re-
ceding water, however, Curimatidae was dominant, 
with 74 individuals sampled.

With respect to species, Prionobrama paraguayensis 
was dominant in high water (d = 0.27) and low water 
(d = 0.16), followed, in both seasons, by Moenkhausia sp. 
In the period of receding water, Curimatopsis myersi 
was the most abundant species (d = 0.34), followed by 
Hyphessobrycon eques and Hypoptopoma inexpectatum 
(Figure 4). The period with the highest diversity was that 
of low water, with D = 0.09, and the lowest was recorded 
in the period of receding water, with 0.17, which is, nev-
ertheless, a high value. 

Of the total of 468 examples of fish captured at P3, 
72 were captured during high water, 290 in receding wa-
ter, and 106 in low water, distributed among 53 species, 
making this the sampling site with the highest richness. 
Characidae was the most abundant family in high water 
(64 individuals), Sternopygidae (119) in receding water, 
and Loricariidae (41) in low water.

In relation to the specific dominance for each hy-
drological period, the Berker-Parker index shows the 
dominant species to be Moenkhausia sp. in high water 
(d = 0.50), Eigenmannia trilineata (d = 0.27) in reced-
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Figure 3. Species abundance in the periods of high, reced-
ing, and low water, at sampling site P1.
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Figure 4. Species abundance in the periods of high, reced-
ing, and low water, at sampling site P2.

ing water, and Rineloricaria sp. (d = 0.21) in low water 
(Figure 5). The highest diversity at this site occurred dur-
ing low water (D = 0.10) and receding water (D = 0.11), 
which is reflected in the low dominance values compared 
to the high water period.

At sampling site P4, 511 individuals were collected, 
distributed among 36 species; 50 individuals were collect-
ed in high water – of which 24 belong to Cichlidae - 174 
in receding water, and 287 in the low water. In these two 
periods, the Characidae family had higher representation 
in abundance, with 95 and 70 individuals, respectively. 
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In the high water period, Apistogramma  borelli was the 
dominant species with d = 0.30, while Moenkhausia sp. was 
dominant in the period of receding water (d = 0.38), and 
Pyrrhulina australis in the low water period (d = 0.16), as 
shown in Figure 6. The low dominance observed in the dry 
season is reflected in the higher local diversity (D = 0.08).

Of the 380 individuals of fish captured at sampling site 
P5, belonging to 31 species, seven occurred in high water, 
148 in receding water, and 225 in the low water period. In 
each hydrological period, a different group was dominant: 
in high water, the Hypopomidae family had the largest 
number of individuals (2), with Hypopomus sp. A pre-
senting a dominance of d = 0.28; during the period of re-

ceding water, a predominance of Characidae (92 fish sam-
pled) was observed, with Hemigrammus ureyi presenting 
d = 0.19; in low water, Loricariidae were more abundant, 
with 184 individuals, all of the species Hypoptopoma 
 inexspectatum (d = 0.82). The highest diversity value 
found at this locale was D = 0.04, in high water, due to the 
homogeneity of the sample. The most abundant species at 
sampling site P5 are presented in Figure 7.

In the Mutum River (P6), 536 individuals were col-
lected, distributed among 45 species – 170 in high water, 
95 in receding water, and 271 in the low water period. 
The Cichlidae family presented the largest number of in-
dividuals in high as well as receding water, with 94 and 
48 individuals, respectively. In low water, Characidae 
was observed to be dominant, with 197 individuals. 

Upon analyzing the specific dominance, Laetacara 
dorsigera obtained d = 0.18 in high water and 0.41 in re-
ceding water, and Poptella paraguayensis obtained 0.28 
in low water. The other dominant species in the periods 
studied are presented in Figure 8. The Simpson diversity 
yields very similar values for the three hydrological peri-
ods, varying from D = 0.10 to D = 0.14.

When the data are analyzed with respect to b diversity, 
the similarity values between the hydrological periods for 
the same sampling site were relatively low, with the highest 
similarity (C

n
 = 0.27) being observed among the ichthyo-

fauna communities at P1 (Chacororé Lake) between the 
periods of receding and low water; for the same periods, 
similarity of C

n
 = 0.26 was observed at P3 (Chacororé-

Sinhá Mariana in E. crassipes stands). This shows that the 
most similar fish communities coincide by only 27%. 

Just as little similarity was observed among the fish 
communities at the same sampling site when comparing the 
different hydrological periods, the same was also true when 
analyzing similarity among the fish communities at differ-
ent sampling sites during the same hydrological period. In 
the periods of high and low water, the highest similarity was 
found between P4 and P6 (C

n 
= 0.39 and C

n 
= 0.34, respec-

tively), and during the period of receding water, the highest 
similarity was observed between P5 and P6 (C

n 
= 0.39).

Canonical Correspondence Analysis (CCA) for 
the high water period indicates that the occurrence of 
Apistogramma trifasciata and Crenicichla edithae at 
sampling site P6 is associated with water transparency 
(1.3 m). In the period of receding water, the abundance of 
Hypopomus sp. B (Britski et al., 1999), Gymnotus  carapo, 
Leporinus striatus, Eigenmannia  trilineata and 
E.  virescens at P1 and P4 is associated with the turbidity 
of the water, the values found at each site being 41.0 (the 
highest recorded for this period) and 11.5 NTU, respec-
tively. In the low water period, there was a positive corre-
lation between the presence of Synbranchus  marmoratus, 
Eigenmannia trilineata and electrical conductivity at sam-
pling site P1 (49 mScm–1), and also for Characidium aff. 
zebra, Apistogramma borelli and Pimelodella  notomelas 
at P2 (60 mScm–1); these were the highest values observed 
for electrical conductivity in this period. 
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Figure 5. Species abundance in the periods of high, reced-
ing, and low water, at sampling site P3.
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The limnological analysis showed, for the four sam-
pling sites in Sinhá Mariana Lake, that the physical-chem-
ical characteristics of the water were distinct regardless of 
the species of macrophyte present in the locale sampled. 
This may be one of the factors responsible for the domi-
nance of different fish species at sampling sites P2 and P5 
during each of the hydrological periods sampled.

The differentiation in the limnological variables may 
also be reflected in the composition of the ichthyofauna 
communities at sites P1 and P2. The CCA analysis  confirms 
the influence of the electrical conductivity of the water on 
the occurrence of some fish species in these locales. At P1, 
the dominance of Eigenmannia trilineata during the three 
hydrological periods appears to be related to the high elec-
trical conductivity values observed at that site.

The dominance of individuals from the order of 
Characiformes observed in this study, as well as its high 
richness, were also reported by Súarez (1998), Britski 
et al. (1999), and Resende et al. (2000) for the Pantanal 
region, and by Catarino and Val (2000), in the Amazon 
basin, Casatti et al. (2003), Lima (2003) and Oliveira and 
Garavello (2003). Thus, as observed by Pelicice et al. 
(2005) in regions with a high density of vegetation, an-
other important component of the community in this Lake 
system, in addition to caraciformes, is the Gymnotiformes 
(about 30% of the local abundance). 

Regarding the number of species found, Delariva 
et al. (1994) (apud Agostinho et al., 2003) recorded 
30  species associated with macrophyte stands in differ-
ent environments of the Rio Paraná floodplains, 21 of 
which were Characiformes and only six Siluriformes. 
Similarly, the highest richness found in the present study 
was also of the Characiformes, followed by Siluriformes. 
Despite the differentiation in species sampled in this hy-
drographic basin, this demonstrates a structural similar-
ity of the fish community when observed in relation to 
large taxonomic groups.

On the other hand, the large number of individu-
als sampled (3510) can be justified: 1) by the fact that 
detritus of aquatic macrophytes are important food 
sources for young fish of migratory caraciformes, 
and 2) even if not consumed directly, they play a rel-
evant role in the trophic structure of the fish communi-
ties  (Saint-Paul and Lakeley, 1979; Goulding, 1980; 
Mittelbach, 1981 apud Agostinho et al., 2003; Agostinho 
et al., 2003), since algae and  macroinvertebrates adher 
to their roots and stems. Also, according to Cunico et al. 
(2002), the connection of the main canal (in this study, 
the Cuiabá River) with lateral areas makes it possible for 
the young of many species to enter the lakes and exploit 
the large amount of food and shelter.

The greater abundance of Siluriformes observed in 
the low water period is probably due to the physical-
chemical conditions of the water, which were unfavora-
ble to individuals from other orders; the lower transpar-
ency of the water in the low water period, resulting from 
the high turbidity, favors the occurrence of Siluriformes 
which, according to Lewis et al., (2000) are tactile and 

Figure 8. Species abundance in the periods of high, reced-
ing, and low water, at sampling site P6.
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Figure 7. Species abundance in the periods of high, reced-
ing, and low water, at sampling site P5.

4. Discussion

In general, with respect to the physical-chemical 
variables of the water, the findings of the present study 
corroborate those of Pinto-Silva (1980), Pinto-Silva 
(1991), da Silva and Esteves (1995), da Silva and 
Figueiredo (1999), Nunes (2003), showing a trend to-
ward increasing homogenization of the values of these 
variables in the period of high water, with a clear dif-
ferentiation during the low water period, due to the 
flood pulse.
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chemo-receptors, and of Gymnotiformes, which are 
electro-sensitive, to the detriment of Characiformes, 
which are visually-oriented organisms. 

In addition, the high abundance of Gymnotiformes 
and small cyclids, according to Henderson and Hamilton 
(1995), is explained by the fact that these species are re-
luctant to migrate from areas of floating vegetation into 
open water, because of the pressure of predation. 

The low similarity of the ichthyofauna in the sampling 
sites, as demonstrated by the values obtained in the b di-
versity analysis, by the dominance of different species in 
each sample, and by the local richness, indicates that each 
of the sampling sites has a resident fish community that 
changes in accordance with changes in the water level. 

In addition, the results of the multivariate analysis 
show that the different communities in each sampling 
site are formed in accordance with the environmental 
conditions at the sampling sites, as the different lim-
nological variables, such as conductivity, transparency, 
and turbidity of the water, associated positively with the 
presence of diverse species of fish in the locales and the 
hydrological periods studied.

Súarez et al. (2004), analyzing characteristics of 
lakes and the abundance of predators in the Pantanal of 
Nhecolândia, Mato Grosso do Sul, found that the time of 
isolation from and the distance to the main canal, and the 
depth of the lakes, appeared to explain the differences 
found in the ichthyofauna sampled. 

Aquatic macrophytes thus appear to be, for the 
Chacororé-Sinhá Mariana Lake system and the Mutum 
River, a safe environment for the establishment of differ-
ent communities of resident (and migratory, based on oc-
casional observation) fish, in accordance with the charac-
teristics of the water, which change with the flood pulse.

Thus, measures to minimize environmental impacts 
in this region should be encouraged and carried out in 
such a way as to conserve the alterations in the volume 
of water as well as the fish communities in this dynamic 
environment. 
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