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Abstract. Freshwater ecosystems are essential to human societies. However, many anthropogenic 

activities have been constantly modifying these ecosystems. Such modifications can be detected and 

measured with the use of environmental bioindicators. This work aims to identify the effect of physical 

integrity of streams, riparian vegetation coverage and physical and physicochemical variables on fish and 

Heteroptera faunas of streams, identifying which group is a better indicator of environmental disturbance. 

Predictor variables were sorted into three matrices: (1) physical and physicochemical parameters of the 

streams, (2) environmental variables and (3) structural variables of riparian vegetation. We tested the 

effects of physical and physicochemical descriptors on species richness and abundance through multiple 

linear regressions. The effects of environmental and structural variables of the riparian vegetation were 

tested using ridge regressions. Physical and physicochemical variables had no effect on Heteroptera and 

fish communities. Environmental variables showed effect only on the community of Heteroptera. Ichthyic 

assemblages were not influenced by any environmental variables. Selected structural variables had no 

relation with the Heteroptera assemblages, neither with fish community. Therefore, we conclude that, in 

small Amazonian streams, Heteroptera is more sensitive to human impacts than fish. This sensibility is 

demonstrated by the negative relation between Heteroptera fauna and the canopy opening over the river 

and positively related to environment integrity. These associations were not found for icthyofauna. 

Keywords: fish community; aquatic insects; habitat integrity; Normalized Difference Vegetation Index 

(NDVI); Enhanced Vegetation Index (EVI); bioindicator 

Introduction 

Freshwater ecosystems are highly important to human societies, especially in respect 

tosupply of water to animal watering, fishing, agricultural and industrial production. 

Despite this recognition, various human activities have been leading to constant changes 

in aquatic environments (Greenwood et al., 2004; Holland-Clift et al., 2011; Richter, 

2003), reducing the ecological quality of aquatic ecosystems (for example, by 

increasing water temperature). Consequently, ecosystem processes are also negatively 

affected by anthropogenic activities (e.g., water purification). Subsequently, the 
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availability of social and economic usage of this resource is decreased. Therefore, a 

major goal of the management of water resources is to restore or maintain the ecological 

integrity of these ecosystems (Karr, 1993). 

Rivers and streams can be described as continuous longitudinal gradients of physical 

and physical-chemical conditions, where the biota is directly related to this dynamic 

(Vannote et al., 1980). The degree of dependence on vegetation is inversely 

proportional to volume of water (Minshall et al., 1983). Montgomery (1999) suggests 

that in addition to environmental and physical variables, geomorphological processes 

represented by the topography, climate and geology, may also determine the quality, the 

availability and the distribution of habitats - and consequently, wildlife. Thus, physical 

and chemical monitoring of water is not sufficient to detect changes in habitat and 

microhabitat availability in aquatic ecosystems (e.g., De Marco et al., 2005). As a result, 

measuring environmental changes in physical, chemical and physicochemical 

parameters may not capture variations in the community structures of aquatic organisms 

(e.g., Callisto et al., 2005; Murray and Innes, 2009; Warren et al., 2010).  

By contrast, disturbances or changes in aquatic ecosystems can be detected and 

measured with the assistance of environmental bioindicators (Oertli, 2008). Since 

biological communities are determined by local environmental conditions, they are able 

to reflect the ecological integrity of ecosystems (e.g., physical and chemical integrity 

and changes in the availability of food resources and substrates) in a more accurate way 

(e.g., Barbour et al., 1999). Since biomonitoring consists of the systematic use of 

biological responses to assess environmental changes, it can be considered as a way to 

assess the "health" of ecosystems (Buss, 1986). 

The selection of adequate taxa to be used as bioindicators relies on a variety of 

factors, such as: (i) type of environment to be assessed, (ii) local community, (iii) costs 

of collection and identification and, especially, (iv) the community response to impacts 

on the environment. Since aquatic invertebrates and fish present high biodiversity and 

occur in almost all aquatic systems, having tolerant and susceptible species to different 

types of impacts (Callisto, 2001; Callisto et al., 2001; Resh et al., 1995; Rosenberg and 

Resh, 1993), they can be considered good bioindicators. 

This study aims to identify the relationship between environmental (physical 

integrity of streams and riparian vegetation coverage), physical and physicochemical 

variables on the icthyofauna and on Heteroptera fauna of streams. We predict that 

Heteroptera fauna will respond to environmental variations whereas fish fauna will 

respond to physical and physicochemical variables. 

Methods 

This study was conducted in 21 streams of the headwaters of the Xingu River basin, 

in the municipalities of Canarana, Água Boa and Querência, state of Mato Grosso, 

Brazil, (Fig. 1, Table 1). These municipalities are situated in the Amazonian 

Deforestation Arc and have been submitted to high deforestation rates in the last 

decades. Samples were collected in a single step, between June and July 2011. In each 

stream, a stretch of 100 m was demarked and then divided into 20 segments of five 

meters. Fish were collected using the trawl method. In each segment, a trawl net was 

dragged once towards the longitudinal direction of the stream. Once collected, fish were 

fixed in formaldehyde 10% solution. In laboratory, fish were washed to remove any 

excess of formaldehyde, and then identified. Identification and systematic sorting 
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followed current literature (e.g. Buckup, 1993; Vari and Williams, 1987; Vari, 1991, 

1989) going until species level, whenever possible. 

 

 

 

Figure 1. Location of the streams sampled (black circles) in the Xingu River basin, Central 

Brazil. 
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Table 1. Sampled streams at the Upper Xingu Basin, Mato Grosso, Brazil.  

Acronym Municipality Use of Soil Date 
Coordinates 

Lat Long 

A1 Canarana Pasture/Cerrado 04/jul/11 -13.55 -52.03 

A3 Canarana Pasture/Cerrado 09/jul/11 -13.59 -51.97 

A4 Canarana Pasture /Cerrado 09/jul/11 -13.6 -51.94 

B1 Canarana Sugarcane/Cerrado 08/jul/11 -13.73 -52.08 

B2 Canarana Pasture 08/jul/11 -13.73 -52.09 

C1 Canarana Recovery Area 17/jul/11 -13.51 -52.81 

D1 Água Boa Pasture 17/jul/11 -13.78 -53.03 

E1 Água Boa Pasture 13/jul/11 -13.94 -52.66 

E2 Água Boa Pasture 13/jul/11 -13.94 -52.63 

F2 Água Boa Pasture 14/jul/11 -13.84 -52.63 

G1 Água Boa Pasture 12/jul/11 -13.77 -52.38 

G2 Água Boa Pasture 12/jul/11 -13.75 -52.39 

H1 Água Boa Pasture 11/jul/11 -13.86 -52.19 

H2 Água Boa Pasture 11/jul/11 -13.89 -52.18 

I1 Água Boa Pasture /Cerrado 15/jul/11 -14.21 -52.98 

I2 Água Boa Cerrado 15/jul/11 -14.22 -52.94 

K1 Querência Soy 06/jul/11 -12.45 -52.45 

K2 Querência Forest 06/jul/11 -12.33 -52.47 

L1 Querência Forest 07/jul/11 -13.1 -52.38 

L2 Querência Forest 05/jul/11 -12.84 -52.33 

L4 Querência Soy 05/jul/11 -12.95 -52.34 

 

 

Meanwhile, the semi-aquatic Heteroptera (Gerromorpha) were collected with the 

assistance of a strainer. In each of the 20 segments of five meters, we sieved the water 

three times (left, right and center segments), in downstream-upstream direction(Cabette 

et al., 2010). Individuals collected in each segment were separated and identified by 

segment and stream. Collected material was sorted and stored in commercial ethanol 

(concentration of 85%) and identified until genus level with the aid of the taxonomic 

keys of Nieser and Melo (1997) and Pereira and Melo (2007). All specimens of fish and 

Heteroptera are deposited in the Zoological Collection of the Federal University of 

Goiás (ZUFG). 

Ecological integrity of streams was measured by species richness and abundance of 

individuals. Species richness of fish was estimated by Jackknife method (Heltshe and 

Forrester, 1983), using the software EstimateS version 8.0 (Colwell, 2005). The 

segments of each stream were classified as pseudo-samples and 1000 iterations were 

performed. For Heteroptera, we considered the observed richness of genera. Predictor 

variables were divided into three matrices: (i) physical and physicochemical parameters 

of the streams, (ii) environmental variables and (iii) structural variables of riparian 

vegetation.  

Physicochemical and physical variables of the streams used in this study were: width, 

depth, slope, water temperature, dissolved oxygen, conductivity and pH. Width was 

measured every 20m. Depth was also measured three times per stream, distant 20 

meters from each other. Slope was measured with the assistance of two rulers and a 

transparent tube (10m length) containing water inside. We estimated slope by 

submerging the whole tube and positioning the tips above the water layer, and 
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calculating the difference between both measures of  the air bubble height in each side 

of the tube. This procedure was repeated five times in each stream (i.e., a measurement 

was taken every 10 m). We used a multi-parameter probe YSI Professional Plus to 

measure water temperature, dissolved oxygen, conductivity and pH. 

The environmental variables we have used were: (i) Index of Habitat Integrity (IHI; 

Nessimian et al., 2008), (ii) incident luminosity and (iii) canopy openness over the 

stream. They were extracted from 30 pictures in each stream (15 on each side of the 

stream) that were obtained parallel to the ground, at a height of 30 cm from the water 

blade immediately above from the stream margin. Structural variables were determined 

by two riparian vegetation indices: (i) Normalized Difference Vegetation Index (NDVI) 

and (ii) Enhanced Vegetation Index (EVI). 

Vegetation indices (VI) employed here were obtained from Landsat TM images 

(May 2010, orbits 222 and 223, points 69 and 70) that present a spatial resolution of 30 

x 30 m and have seven spectral bands. Chosen images minimized the amount of clouds 

that could generate noise in the data. We made a color composite based in the bands 

TM5, TM3 and TM4 of the images. We used the cubic convolution resampling of pixels 

of each scene, based on the georeferenced mosaic Geocover NASA. Then, we 

calculated two VI of the images: (i) Normalized Difference Vegetation Index (NDVI), 

(Rouse et al., 1974) and (ii) Enhanced Vegetation Index (EVI) (Huete et al., 1997). 

Each VI measure was taken the creation of nine buffers (30, 90, 150, 210, 270, 330, 

390, 450 e 510 meters) around each sampled point and the obtention of the average 

(representing the density of vegetation coverage) and standard deviation (representing 

the heterogeneity of vegetation cover) of both VI. 

First, we tested the effect of physical and physicochemical descriptors (pH, water 

temperature, dissolved oxygen, conductivity, slope, width and depth) on the descriptors 

of the assemblages (i.e., species richness and abundance) through multiple linear 

regressions. Prior to these analyses, we used Pearson correlations to exclude correlated 

descriptors (i.e., descriptors that presented a correlation equal to or greater than 0.75 

were removed from the analyses). 

The effect of environmental variables (canopy openness and integrity of habitat) on 

the descriptors of the assemblages (richness and abundance) was tested using ridge 

regressions. This approach was adopted due to collinearity found between the predictor 

variables (HIH, mean canopy openness (M), standard deviation of canopy openness 

(SD) and median canopy openness (MD). 

We also used ridge regressions to teste the effect of structural variables of the 

riparian vegetation (complexity and heterogeneity of riparian vegetation) on the 

descriptors of the assemblages (species richness and abundance). Regressions were 

performed between complexity of riparian vegetation, NDVI and EVI, and the 

descriptors of biotic assemblages (species richness and abundance). Additionally, we 

tested the effect of heterogeneity of riparian vegetation, NDVI and EVI, and the 

descriptors of biotic assemblages, also using ridge regression. Adopted lambda for ridge 

regressions was of 0.01. 

Results 

We collected and identified 4,961 individuals of Heteroptera that were distributed 

into 4 families and 15 genera (Table 2). The most abundant genera were Rhagovelia 

(2,063), Stridulivelia (1,212), Neogerris (524), Brachymetra (443) and Cylindrostethus 
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(419), representing, respectively, 42%, 24%, 11%, 9% and 8% of the total number of 

collected individuals. We obtained 1,333 fishes belonging to 37 species, divided 

between the orders Characiformes, Siluriformes, Gymnotiformes and Perciformes, 75%, 

18%, 5%, 2% respectively, of the total number of collected individuals (Table 3).  

 
Table 2. Genera of Heteroptera (Gerromorpha) collected in the Upper Xingu, Mato Grosso, 

Brazil. Genera are sorted by Family. The values represent the abundance of individuals of 

each genus. 

 
 

 
Table 3. Fish species collected in the Upper Xingu, Mato Grossom Brazil. Species are sorted 

by Order and by Family. The values represent the abundance of individuals of each species 
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The most dominant species was Knodus victoriae that counted with 537 individuals 

collected, followed by Moenkhausia xinguensis and Aspidoras sp., with 243 and 116 

specimens respectively. 

Due to high correlation with other variables (equal or higher than 0.75) used in the 

regression models (Table 4), parameters of dissolved oxygen percentage, electric 

conductivity, slope and depth were not considered in regressions performed with 

physical and physicochemical variables. Physical and physicochemical variables had no 

effect on the communities of Heteroptera and fish (Table 5). 

 
Table 4. Pearson correlation between the physical and physicochemical data collected in 21 

streams in the basin of the Upper Xingu, Mato Grosso, Brazil. Acronyms: pH - 

hydrogenionic potential; Water Temp. - water temperature; DO - percentage of dissolved 

oxygen; DOm - dissolved oxygen in milligrams per liter of water; SPC - specific 

conductivity; C – conductivity; Slope A - average slope of the stream; Slope SD - standard 

deviation of the slope of the stream; Width A - average width of the stream; Width SD - 

standard deviation of the stream channel width; Depth A - average depth of the stream, and; 

Depth SD - standard deviation of the stream depth. 
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pH 1.00 
           

Water 

temp. 
-0.66 1.00 

          

DO 0.19 -0.28 1.00 
         

Dom 0.34 -0.49 0.97 1.00 
        

SPC 0.51 -0.24 -0.45 -0.34 1.00 
       

C 0.49 -0.20 -0.47 -0.37 1.00 1.00 
      

Slope A 0.10 -0.01 0.28 0.26 -0.49 -0.49 1.00 
     

Slope SD 0.22 -0.23 0.24 0.28 -0.25 -0.27 0.83 1.00 
    

Width A 0.42 -0.31 0.14 0.21 0.47 0.46 -0.01 0.28 1.00 
   

Width SD 0.13 -0.24 0.08 0.13 0.31 0.30 0.01 0.28 0.62 1.00 
  

Depth A -0.19 0.19 0.09 0.04 -0.08 -0.07 0.10 0.16 0.32 0.34 1.00 
 

Depth SD -0.09 0.07 0.25 0.22 -0.04 -0.03 0.05 0.21 0.39 0.47 0.92 1.00 

 

 
Table 5. Results of multiple regressions between the physical and physicochemical variables 

of the streams and the descriptors of the assemblages. 
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Environmental variables had effect only on the community of Heteroptera (Table 6). 

There was a positive relationship with abundance for HIH (r²=0.21; p=0.04), modified 

HIH (r²=0.22; p=0.03) and canopy openness (r²=0.21; p=0.03). HIH (r²=0.22; p=0.03) 

and canopy openness (r²=0.21; p=0.03) also were positively related to genera richness 

of Heteroptera. Ichthyic assemblages were not affected by environmental variables. 

Structural variables selected for analysis - riparian vegetation density (average NDVI 

and average EVI) and heterogeneity (standard deviation of NDVI and EVI) - did not 

correlate with Heteroptera (Table 7) or fish (Table 8) communities. 

 
Table 6. Regressions results between environmental variables and the descriptors of the 

assemblages; Mean – M, Standard Deviation – SD, Median MD.  

  Fish   Heteroptera 

 
 

Abundance   Richness 

 
Abundance 

 
Richness 

  
B P 

 
B P 

 
B p 

 
B P 

HIH 
 

0.181 0.700 
 

-0.077 0.880 
 

0.21 0.04 
 

0.22 0.03 

Canopy openness (M) 
 

-0.189 0.734 
 

0.088 0.884 
 

-0.21 0.03 
 

-0.35 0.01 

Canopy openness (SD) 
 

0.257 0.431 
 

0.051 0.884 
 

-0.11 0.14 
 

-0.11 0.14 

Canopy openness (MD) 
 

-0.084 0.876 
 

-0.176 0.762 
 

-0.24 0.03 
 

-0.36 0.00 

r² 

 

0.088 

 

0.437 

 

0.426 

 

0.367 

P   0.649   0.980   0.047   0.029 

 

 

Table 7. Regressions results between density and vegetation complexity of Heteroptera 

assemblages; NDVI - Normalized Difference Vegetation Index; EVI - Enhanced Vegetation 

Index. 

 
 

 

Table 8. Regressions results between density and vegetation complexity of fish assemblages; 

NDVI - Normalized Difference Vegetation Index; EVI - Enhanced Vegetation Index.  
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Discussion 

There is a predominance of the genus Rhagovelia in the sampled Heteroptera 

communities. This pattern might be explained by the gregarious habits that individuals 

of the genus Rhagovelia present, agreeing with other studies performed at this region 

with the same group (Dias-Silva et al., 2010; Nieser and Melo, 1997). For fish 

populations, we observed the predominance of Characiformes and Siluriformes orders. 

This pattern is common for non-estuarine localities (Lowe-McConnell, 1987) and was 

already observed in other studies performed in streams (e.g., Araújo and Tejerina-Garro, 

2007; Benedito-Cecilio et al., 2004; Melo et al., 2009; Pereira et al., 2008). 

Generally, streams that exhibit dominance of benthic species (e.g., Aspidoras sp.) are 

classified as unsuitable places (Roth et al., 1996). However, many streams of the 

Amazon basin exhibit natural sandy substrate, which is a characteristic related to the 

geological formation of the basin. Therefore, the presence or abundance of species of 

the genus Aspidoras are not valid indicators of degradation in the sampled streams. This 

was confirmed when we found that streams that had the highest abundances of 

Aspidoras sp. (69 from a total of 116 collected specimens) presented integrity indices 

equal to 0.63, which considers that the habitat is submitted to intermediary levels of 

degradation. 

We also observed high abundance of the omnivorous species Knodus victoriae and 

Moenkhausia xinguensis. These species are usually associated with integrate sites and 

low sedimentation (Casatti et al., 2008; Langeani, 2009; Oliveira and Bennemann, 

2005). Since Knodus victoriae and Moenkhausia xinguensis are nektonic species, they 

need sites with relatively high water column height in order to acquire food in this 

portion (Langeani, 2009). This requirement causes these species to respond negatively 

to silted sites, reinforcing the existence of sites with no degradation or with an 

intermediate level of degradation. 

In our study, we found no relationship between physicochemical/physical variables 

and descriptors of biotic assemblages. The intake of sediments prevenient from unstable 

soils that are next to the stream (Allan, 2004; Vondracek et al., 2005) can be considered 

one possible factor that influences the biota. We observed that the landscape matrix area 

of our study is predominantly composed of agriculture and grassland. This type of 

matrix is usually negatively correlated with the physical integrity and stability of the 

stream, which leads to the decrease of the richness and abundance of biotic groups 

(Pinto et al., 2006; Trimble, 1997). 

Although only confirmed for Heteroptera, we conclude that the riparian coverage 

showed a negative effect on biota. The association found between canopy openness and 

Heteroptera indicates that Heteroptera is more sensitive to changes in vegetation than 

fish (which were not associated with canopy openness). Therefore, we conclude that, 

from the tested groups, only Heteroptera responds well to changes in landscape. This 

indicates that this group is a good indicator of preservation of vegetation coverage. 

We observed that physical and physicochemical variables of the water did not show 

any effect on the Heteroptera community of this study, demonstrating either that the 

variation in these variables is not intense or that the group exhibits great plasticity to 

physicochemical variations. Thus, the group is affected only by environmental 

variables, such as shading, as described by Dias-Silva et al. (2010), in a study conducted 

in streams of eastern Mato Grosso. 

 Additionally, aquatic Heteroptera are recognized for being resistant to natural 

disturbances, such as flood pulses, inorganic sediment delivery to streams and changes 
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in physical and physicochemical characteristics of the water (Gordon et al., 1992). This 

feature may imply that these communities are less effective bioindicators of water 

quality. However, changes of magnitude and frequency of occurrence of these disorders 

might be negatively correlated with the biota (Buss et al., 2003; Ferreira et al., 2006; 

Magner et al., 2004; Simon and Rinaldi, 2000). In this way, we can expect that 

Heteroptera is more sensitive to anthropogenic disturbances than fish. 

The sensitivity of the Heteroptera fauna can also be justified by its the positive 

relationship with HIH and by the no relationship of this index with the icthyofauna. This 

index is easy to apply and summarizes a series of questions about the use of areas 

adjacent to the channel, the format and channel stability on availability, habitat 

complexity and others hydrological factors (even though these indices are measured 

visually). 

The non-relation between fish fauna and metrics performed in the sites might still be 

a problem caused by the lack of reference streams. When we aim to relate biota to 

environmental disturbances, the choice of reference streams (i.e., sites that have stable 

and pristine characteristics of the channel; Harrelson et al., 1994) is of great importance 

(Barbour et al., 1999; Harrelson et al., 1994; Hughes, 1995). This argument reinforces 

the sensitivity feature of Heteroptera that, even without reference sites, was able to 

capture the variation in canopy openness and HIH through richness and abundance of 

genera. 

Relationships between fish species and human disturbance are recurrent in literature 

(e.g., Casatti, 2005; Casatti et al., 2008; Langeani, 2009). Casatti et al. (2005) found that 

fish dependent on rocky substrates are more affected by habitat loss and deterioration. 

Additionally, richness and abundance of native species tend to be higher in reference 

sites than in impacted sites (Casatti et al., 2008b; Ferreira et al., 2006). 

At last, we conclude that the fauna of Heteroptera is more sensitive to human impacts 

than icthyofauna. This sensitivity is demonstrated by the negative relationship of 

Heteroptera with the canopy openness over the stream and positively related to the 

integrity of the environment. These relationships were not found for the icthyofauna. 

This also characterizes Heteroptera as a good indicator of impacts on riparian 

vegetation. However, for monitoring purposes, we cannot simply discard fish as 

potential bioindicators, because the icthyofauna might be related to other variables 

associated to other human impacts (e.g., type of channel substrate or margin stability). 
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