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Resumo 

Usos da terra, tais como expansão e a intensificação da agricultura e a urbanização, afetam a saúde 

de ecossistemas riverinos e ameaçam sua diversidade biológica de uma maneira multifatorial e 

interativa. Neste estudo nós realizamos uma compilação de resultados provenientes de diversos 

trabalhos realizados em um rio tropical de 5ª ordem – o Rio das Mortes, na bacia do alto Rio Grande 

(Sudeste brasileiro) – a fim de analisarmos se a combinação de diferentes indicadores ambientais 

fornece uma forma mais completa e complementar de análise dos impactos de uso da terra, desde a 

nascente até a foz do rio, em comparação a indicadores individuais. Foram analisados dados da 
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qualidade da água, estrutura do sedimento, a integridade estrutural de habitats, a bioquímica da 

matéria orgânica em suspensão e a composição e distribuição da comunidade de macroinvertebrados 

bentônicos. A qualidade da água exibiu mudanças ao longo do percurso do rio, especialmente durante 

a estação seca, que corresponderam ao padrão de urbanização na bacia, com considerável efeito deste 

uso da terra na parte superior da bacia e vários centros de urbanização ao longo do curso do rio. A 

predominância de ácidos graxos saturados e típicos de bactérias na matéria orgânica em suspensão 

na água de segmentos mais urbanizados da bacia mostraram que esse importante recurso alimentar 

da comunidade riverina funciona como um indicador sensível da urbanização na bacia. Por outro 

lado, a estrutura do sedimento riverino e a integridade estrutural de habitats foram eficientes em 

indicar impactos locais, primariamente em trechos intermediários e urbanizados do rio, inclusive 

apontando efeitos positivos de esforços locais de preservação e de diferenças naturais sobre a 

estrutura do sedimento.  Chironomidae e Oligochaeta foram os grupos dominantes na comunidade de 

macroinvertebrados. Sua distribuição espacial foi determinada pela estrutura do sedimento e pela 

integridade estrutural de habitats e, portanto, por impactos locais na estrutura do rio. Nós 

argumentamos que a abordagem integrativa a impactos de uso da terra, combinando características 

estruturais locais, de habitat e da comunidade, com padrões de uso da terra e de qualidade da água 

em escala espacial mais ampla, é raramente aplicada a grandes rios tropicais, mas extremamente 

importante para compreendermos e manejarmos estressores de uso da terra nestes sistemas. 

 

Palavras–chave: acesso integrado, integridade ecológica, urbanização, rios tropicais  

 

 

Abstract  

Land-use change, such as agricultural expansion and intensification, and urbanisation, affects river 

ecosystem health and threatens riverine biological communities in a multifactorial and interactive 

way. In this study, we compiled the results of several studies carried out in a 5th-order tropical river, 

the Rio das Mortes in the upper Rio Grande basin (Southeast Brazil). We analysed if a combination 

of different environmental indicators, such as river water quality, sediment structure, habitat structural 

integrity, biochemistry of suspended organic matter, and the composition and distribution of the 

benthic invertebrate community, provides a complementary and more complete assessment of land-

use impacts from headwaters to the river mouth than single indicators. Water quality exhibited 

longitudinal changes along the studied river, especially during the dry season, corresponding to the 

urbanisation pattern in the river catchment with considerable urbanisation already in the upper 

catchment, and several urban centres along the river's course. The predominance of saturated fatty 

acids and bacterial fatty acids in the river water's suspended organic matter at urbanised river 

segments showed that the biochemistry of suspended organic matter, an important resource for the 

river's biological community, was a sensitive indicator of catchment urbanisation. In contrast, river 

sediment structure and habitat integrity showed local impacts, primarily in mid-catchment urbanised 

river segments, with notable positive effects of local conservation efforts and natural differences in 

sediment structure. Chironomidae and Oligochaeta were the dominant groups in the river's 

macroinvertebrate community. Their spatial distribution was mainly determined by sediment 

structure and river habitat integrity, and thereby, by local impacts on river structure. We argue that 

integrated assessment approaches rarely applied to larger tropical rivers, combining local structural, 

habitat and community characteristics with large-scale land use and water quality patterns, are 

important to understand and manage land-use stress in these systems. 

 

Keywords: integrated assessment, ecological integrity, urbanization, tropical rivers. 
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1.  INTRODUCTION 

 

Human impacts on lotic ecosystems are perceptible on different spatial scales and in different 

compartments of stream and river systems. They affect water quality, hydrology, and structural 

diversity of micro- and macrohabitats, resulting in changes in biodiversity and biological processes 

(VITOUSEK et al., 1997; KARATAYEV et al., 2005). Urbanisation and the expansion and 

intensification of agricultural land use lead to increased exports of inorganic nutrients from 

catchments and is thus responsible for the global eutrophication of streams and rivers, including those 

in the Brazilian Southeast (SMITH et al., 2006; GÜCKER et al., 2009; GÜCKER et al., 2016). 

Erosion and subsequent sedimentation or transport of fine sediments in river channels are common 

in agricultural catchments. Riparian deforestation and homogenisation of river hydromorphology are 

general characteristics of land use, diminishing the diversity and availability of natural allochthonous 

resources (CARPENTER et al., 1998; SILVEIRA et al., 2005; SPÄNHOFF et al., 2007; GÜCKER 

et al., 2009). Further, pesticide, microplastic, heavy metal, and industrial and pharmaceutical residue 

pollution are common in urbanised and agricultural catchments (YONKOS et al., 2014; ALLINSON 

et al., 2015; YOU et al., 2015). In conclusion, eutrophication, xenobiotic pollution, habitat loss, low 

availability of natural allochthonous matter and low biodiversity are effects of unsustainable growth 

of human populations and land use on freshwater ecosystems worldwide (DODDS, 2006; 

SCHINDLER, 2006; SMITH et al., 2006). 

Due to the multifactorial nature of land-use impacts (ALLAN, 2004; BIRK et al., 2020)—

i.e., the effects of multiple, often interacting, stressors—efforts should be directed at identifying both 

the dominant stressors and their interactions, to manage and mitigate land-use impacts on lotic 

ecosystems. Monitoring and assessment programs of aquatic systems may include variables of water 

quality, multiple biological indicators, such as invertebrates, macrophytes, and diatoms, as well as 

functional characteristics (SOLIMINI et al., 2009). Water quality assessments in developing 

countries are typically limited to the determination of inorganic nutrient concentrations for inferring 

trophic state, physical characteristics, such as temperature, electric conductance and water 

transparency, as well as pH value, and concentrations of suspended sediment and dissolved oxygen 

(SILVEIRA et al., 2005).  

 The use of biological indicators of human impact is well established for aquatic 

ecosystems and mainly related to assessing responses in community diversity and structure, especially 

densities of impact sensitive and tolerant species, and functional groups of species (e.g., CUMMINS 

AND KLUG, 1979; REYNOLDS, 2002). In lotic tropical ecosystems, both approaches have been 

used based on the benthic invertebrate community (e.g., CUMMINS et al. 2005; CALLISTO et al., 

2005; Buss and Vitorino, 2010), mainly to assess changes in water quality (RIZO-PATRÓN et al., 
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2013) or without distinguishing between effects of water and physical habitat quality (CALLISTO et 

al., 2005; HEPP AND SANTOS, 2009; BUSS AND VITORINO, 2010). However, benthic 

invertebrate community structure may be primarily associated with local habitat structure 

(CALLISTO et al., 2001; NESSIMIAN et al., 2008), and may more strongly respond to sediment 

structure, habitat diversity and hydrodynamic features than to water quality impacts. Thus, when 

investigating a large river surrounded by different types of riparian vegetation and land-use activities, 

it is crucial to identify the primary disturbance sources to assure the most appropriate and efficient 

management strategies. Thus, a multiple stressor approach, considering a multitude of environmental 

indicators and response variables, such as different variables of water quality, habitat quality and 

sediment structure, catchment land cover, and integrity of the riparian vegetation, as well as biotic 

community structure is indicated (ALLAN, 2004; WALSH et al., 2005). However, such integrative 

assessment approaches have rarely been adopted for larger tropical rivers (RAMIREZ et al., 2008).  

In the present study, we applied an integrated assessment approach based on new and 

previously published data (BOËCHAT et al., 2013, 2014; AGUIAR et al., 2015), combining local 

structural, habitat and invertebrate community characteristics with large-scale land use and water 

quality patterns. We aimed to assess major stressors of ecosystem integrity along a 5th-order tropical 

river affected by catchment urbanisation and agriculture. By combining indicators and variables that 

respond differently to local habitat and large-scale landscape impacts, we intended to understand in 

a more complementary way as to how land-use patterns affect the abiotic and biotic integrity of a 

larger tropical river. Specifically, we tested the hypotheses that (i) longitudinal changes in water 

quality and biochemistry will be more strongly related to the proximity and size, as well as the 

population density of urban centres and agricultural areas in the river catchment than benthic 

invertebrate variables; and (ii) spatial changes in sediment structure and habitat integrity will be 

related to alterations in benthic invertebrate density and community composition along the river. In 

other words, water quality and biochemistry should respond more efficiently to landscape alterations 

in the river catchment, whereas benthic invertebrate variables and habitat integrity should be better 

indicators of local habitat perturbation. Moreover, we expected the responses of water quality and 

invertebrate variables to differ between the dry and the rainy season, as an effect of altered 

hydrodynamic patterns and temperature. 

 

2.  METHODS 

 

2.1.  Study sites 

 

The study was carried out in the Rio das Mortes (Figure 1), a fifth-order tributary to the Rio 

Grande in the upper Rio Paraná basin. The Rio das Mortes catchment is located in the Vertentes 
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region in the federal state of Minas Gerais (Brazil), which is divided into 27 municipalities (IBGE, 

2007; see figure 1 for urban centres in the catchment) and covers an area of approximately 6.619 km² 

(IGAM, 2005). The major impacts in the Rio das Mortes catchment are related to agriculture, and 

include riparian clear-cutting, channelisation, erosion, and sedimentation, besides contamination with 

fertilisers and herbicides. Additionally, the river receives raw sewage discharge from several urban 

centres located close to the river, which accommodate 85% of the catchment's total population (about 

550,000 habitants: IGAM, 2005). In five seasonal sampling campaigns covering the dry and rainy 

seasons 2010 and 2011 (May and August 2010, March, June and December 2011), water quality, 

sediment and habitat structure, as well as benthic macroinvertebrate community assessments were 

performed. Water, sediment and invertebrate samples were taken in triplicate at 11 stations along the 

river, from its headwaters to its mouth (Figure 1), covering areas upstream and downstream of urban 

centres, farmland and pasture areas. 

 

 

Figure 1 - Rio das Mortes catchment including the hydrographic network, study sites (numbers) and urban areas (in 

grey). 
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2.2.  River water quality, sediment structure and habitat structural integrity 

 

River water pH, temperature (T, oC), dissolved oxygen (DO, mg L-1) and specific 

conductance (SC, μS cm-1) were measured in situ with a multiparameter probe (556MPS, Yellow 

Springs Instruments, OH, USA) equipped with automatic temperature and barometric pressure 

compensation and calibrated directly before sampling. Water samples for nutrient analysis were 

collected with a 5L Van Dorn bottle (Limnotec, Brazil) at three different locations per sampling 

station and transported on ice to the laboratory. Water samples were filtered onto pre-combusted glass 

fibre filters (Whatman GF/F, 0.7 µm pore size) and stored at -20oC until further analysis. Filters were 

dried at 60oC for 6 hours and then incinerated at 550oC for four hours for particulate organic matter 

(POM) determination (APHA, 2003). The concentration of ammonium-nitrogen (NH4-N), 

nitrate+nitrite-nitrogen (NO3+NO2-N), and soluble reactive phosphorus (SRP) were measured by 

flow injection analysis (FIALab 2500, FIALab, Bellevue, WA, USA) according to standard analytical 

procedures (APHA, 2003), after filtering samples through pre-flushed fibreglass filters (Whatman 

GF/F, 0.7 µm nominal pore size). River seston fatty acid profiles, which have been increasingly used 

as markers for urban impacts and changes in aquatic ecosystem processes, were investigated at the 

same sampling stations in a previous study (BOËCHAT et al., 2014) and discussed together with the 

data presented in this study. 

Sediment samples were taken using an Ekman bottom grab sampler (15 cm2 sampled surface 

area). In the laboratory, sediment samples were dried, and the percentages of silt, sand and pebbles 

were quantified by granulometric analysis following dry sieving (GRADISTAT, v. 8, UK; 

BOËCHAT et al., 2013). River habitat structural integrity was determined in a previous study 

(Boëchat et al., 2013) for each study site by applying the German river habitat on-site survey 

methodology (KAMP et al., 2007). In this methodology, each sampling station received a score 

representing the level of structural integrity of the riverbed, banks and a 100 m-wide floodplain 

corridor upstream of each sampling station. The evaluation takes six main parameters into account 

(e.g., longitudinal profile, bank structures, etc.) defined by 14 functional units (including sinuosity, 

presence of constructions, etc.). The final survey score value varies from 1 (undisturbed condition) to 

7 (totally disturbed). 

 

2.3.  Benthic macroinvertebrate analysis 

 

Macroinvertebrates were collected either with a Surber sampler (30 cm2, 250μm mesh size) 

or an Ekman bottom grab sampler (15 cm2), depending on sediment type. In the field, animals were 

manually separated from sediment and preserved in 70% ethanol. In the laboratory, organisms were 

identified to the lowest feasible taxonomic level, usually family, using appropriate identification keys 
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(FLINT, 1983; MERRITT AND CUMMINS, 1996; PES et al., 2005; DOMÍNGUEZ et al., 2006; 

PASSOS et al., 2007; PIMPÃO AND MANSUR, 2009; MUGNAI et al., 2010). Average population 

density (individuals m-2) was calculated for each sampling station (based on triplicate sampling) and 

campaign. We chose the most abundant taxa, i.e., Chironomidae, Oligochaeta, Simuliidae, and the 

pollution sensitive groups Ephemeroptera, Plecoptera and Trichoptera (EPT) to be included in 

statistical analysis. 

 

2.4.  Land cover analysis 

 

Land cover analyses were performed based on Landsat images from 2010 (SILVA-JUNIOR 

et al., 2014). Sixteen land-use categories were distinguished in the Rio das Mortes catchment and 

grouped into three main land cover types: natural land cover (primary and secondary forest, Cerrado, 

Campo Rupestre, Campo Limpo and rock outcrops, and surface waters), agricultural land cover 

(pasture, crop plantation, open soil, eucalyptus plantation and burnt areas) and urban/industrial land 

cover (urban area, roads, railways, and mining). Riparian buffer zones of 60, 120, 180, 240, and 300 

m width upstream of each sampling site were delimited based on hypsometric maps using QGIS 2.0 

(QUANTUM GIS DEVELOPMENT TEAM, 2013). Subsequently, land cover distributions for sub-

catchments upstream of each sampling station and the riparian buffer zones were calculated from the 

previously compiled land cover map. As the relative contributions of each land cover type in riparian 

buffer zones of different width were highly correlated with each other, and with whole-catchment 

land cover (all R2>0.99), only whole-catchment land cover data were used in further analyses. 

 

2.5.  Statistical analyses 

 

Two-way ANOVAs, followed by Tukey's HSD-tests, were used to test for differences in 

river water quality, sediment structure and habitat structural integrity variables, as well as benthic 

macroinvertebrate density among sampling stations and seasons. Benthic macroinvertebrate densities 

were log(x+1) transformed, and all variables were subsequently scaled to equal ranges (min. 0, max. 

1) before analysis. The percentage of land cover was correlated to water chemistry, sediment structure 

and habitat structural integrity, and benthic invertebrate density using Spearman Rank Correlation, 

by pooling data from the same seasons. To evaluate response patterns of water quality, river habitat 

structural integrity, and macroinvertebrate density to the land cover gradient along the Rio das Mortes 

course, we carried out two Principal Component Analyses, separately for each season. All statistical 

procedures were conducted in Statistica for Windows (v. 10.0, Statsoft, USA). 

 

3.  RESULTS AND DISCUSSION 
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3.1.  Land-use, sediment structure, river structural integrity, and water quality 

 

Natural areas (41.6 to 53.7%) and agriculture (41.3 to 56.9%) were the prevalent types of 

land cover in the Rio das Mortes catchment, followed by urban areas (1.5 to 5.6%; table 1). In general, 

the percentage of natural and urban land cover increased, and agricultural cover decreased from the 

headwaters towards the middle sections of the river (table 1). From the middle to the lower sections 

of the river, percentage urban cover slightly decreased, and agricultural cover increased again (table 

1). Sediment structure was consistently homogeneous along the riverbed, with sand dominating the 

sediment in all sampling sections of the river, except for the headwater and the TIR station, where 

pebble dominated the sediment structure (table 1). The headwater station also had the lowest 

urbanisation level and the highest structural integrity level (lowest score) (table 1, BOËCHAT et al., 

2013). Intermediate stations (BPT and UT, table 1) exhibited the lowest structural integrity, followed 

by the upstream and downstream sections BAR, TIR and ER. They were thus classified as the most 

impacted stations in our study. Sampling stations towards the river mouth (RIT and IBI) showed 

better structural integrity than intermediate stations of the river. None of the investigated sampling 

stations received scores 1 or 2, suggesting that the entire river was submitted to some degree of 

structural degradation, even in the most pristine and protected sections studied (BOËCHAT et al., 

2013). Interestingly, the only abiotic variables in our dataset significantly correlated with the river 

structural integrity score were sediment structure (Spearman-Rank correlation, positively with silt, 

r=0.56, and negatively with pebbles, r=-0.42, both p<0.05), suggesting that local impacts may be 

more perceptible in the sediment structure than, e.g., in the water quality of the studied tropical river 

(see next paragraph).  

Water temperature was higher in the rainy season than in the dry season (ANOVA, p<0.05) 

(tables 2 and 3). Concentrations of SRP, NH4-N and NO3+NO2-N, as well as DIN, were lower at the 

rainy season than in the dry season (ANOVA, p<0.05) (tables 2 and 3), possibly caused by a dilution 

effect due to higher runoffs during the rainy season. Except for the headwater, no significant 

differences were found for water chemistry variables among sampling stations along the Rio das 

Mortes, suggesting that water quality was compromised along the entire river. The headwater station 

had lower nutrient concentrations, especially NO3+NO2-N, than all other stations in both seasons 

(ANOVA, followed by Tukey HSD-test, p<0.05; tables 2 and 3). 



ISSN 2318-2962            Caderno de Geografia, v.31, Número Especial 1, 2021 

DOI 10.5752/p.2318-2962.2021v31nesp1p32   40 

Table 1: Relative land-use distribution (%) in the catchment, sediment structure, and river structural integrity for each sampling station in the Rio das Mortes. 
 

 Land-use characteristics of the watershed  Sediment structure  

Sampling 

Station  % Natural % Urban % Agricultural  % Sand % Silt % Pebble 

Structural 

Integrity Score 

1 (Headwater) 41.6 1.5 56.9  32.2 0.4 67.4 3 

2 (CAM) 49 4.7 46.3  97.9 1.8 0.3 4 

3 (BAR) 52.6 5.6 41.8  85.3 14.2 0.5 6 

4 (PR) 53.5 5.1 41.3  81 19 0 5 

5 (BPT) 53.6 5.0 41.4  81 19 0 7 

6 (UT) 53.6 5.0 41.4  69 31 0 7 

7 (TIR) 53.7 5.0 41.3  0 0 100 6 

8 (ER) 53.7 4.1 42.2  62.2 37.7 0.1 6 

9 (FLONA) 52.5 4.5 42.9  87 9 4 4 

10 (RIT) 52.6 4.4 43  83.5 16.5 0 5 

11 (IBIT) 53.4 3.8 42.8  93.5 6.4 0.1 5 
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Table 2: Longitudinal distribution of water chemistry variables (median values) along 11 sampling stations in the Rio das Mortes during the dry season. Different uppercase letters 

indicate significant differences (ANOVA, p<0.05, followed by the Tukey HSD Test, p<0.05). 
 

Sampling 

station 

T   

(oC) 

pH SC            

(μS cm-1) 

DO        

(mg L-1) 

DO sat. 

(%) 

SRP    

(μg L-1) 

NH4-N         

(μg L-1) 

NO3+NO2-N 

(μg L-1) 

DIN      

(μg L-1) 

1 14.3A 6.5 18A 8.6 86 6.7A 123.1A 108.9A 408.4A 

2 14.8B 6.6 40B 8.4 87 14.6B 328.7B 362.2B 686.4B 

3 16.8B 7.3 43B 9.2 86 13.8B 366.2B 440.4B 717.9B 

4 17.4B 7.4 46B 8.5 89 10.2B 206.0B 469.2B 705.2B 

5 17.4B 7.5 48B 8.3 89 12.3B 220.4B 533.1B 753.5B 

6 18.5B 7.5 50B 8.3 88 9.8B 246.8B 421.9B 668.7B 

7 16.7B 7.3 56B 8.6 97 12.3B 288.0B 464.3B 752.3B 

8 16.7B 7.4 49B 8.5 88 13.1B 117.7B 358.7B 521.5B 

9 16.1B 7.5 48B 8.2 88 15.9B 260.8B 338B 690.1B 

10 16.5B 7.6 45B 8.6 92 13.3B 218.0B 432.6B 594.9B 

11 17.6B 6.9 42B 8.3 93 12.3B 79.3A 414.5B 531.7B 
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Table 3: Longitudinal distribution of water chemistry variables (median values) along 11 sampling stations in the Rio das Mortes during the rainy season. Different uppercase letters 

indicate significant differences (ANOVA, p<0.05, followed by the Tukey HSD Test, p<0.05). 
 

Sampling 

station 

T       

(oC) 

pH SC              

(μS cm-1) 

DO    

(mg L-1) 

DO sat. 

(%) 

SRP    

(μg L-1) 

NH4-N      

(μg L-1) 

NO3+NO2-N 

(μg L-1) 

DIN  

(μg L-1) 

1 19.3A 6.5A 17A 7.5 82 1.3A 29.3A 45.8A 1036.9A 

2 20.2B 7.2B 38B 6.7 74 7.1B 36.7B 211.9B 1167.5B 

3 21.4B 7.7B 7.9A 7.9 90 1.4A 123.2B 512.9B 1258.1B 

4 21.1B 7.5B 50B 7.3 82 3.2B 70.1B 317.2B 1194B 

5 21.7B 7.9B 47B 7.2 81 3.9B 87.1B 439.2B 1135.5B 

6 21.2B 7.7B 48B 7.3 84 4.3B 117.7B 342.6B 1611.5B 

7 22.2B 7.1B 47B 7.4 83 3.8B 204.8B 362.1B 1276.2B 

8 21B 7.7B 42B 7.3 84 4B 135.4B 251.5B 1614.5B 

9 18.3B 7.5B 37B 7.5 84 2.6B 116.2B 222.8B 1252.7B 

10 21B 6.8B 35B 7.9 89 5.3B 79.5B 214.8B 1279.4B 

11 21.9B 7.8B 37B 7.5 86 4.3B 38.1B 256.1B 1287.3B 
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Agricultural cover, the most important land-use type in the river catchment, was positively 

correlated to the percentage of pebbles (Spearman-Rank correlation, r=0.57, p<0.05) and negatively 

with the percentage of silt (Spearman-Rank correlation, r=-0.61) in the sediment. Accordingly, 

agricultural land use in the river catchment may affect sediment structure in the main channel, 

probably due to margin erosion and clear-cutting of riparian zones for plantation purposes 

(WALLING, 1999). However, agricultural land use had no measurable effects on nutrient 

concentrations in the water. No significant correlations were detected between agricultural land use 

and nitrogen forms of nutrients, suggesting that nutrient export to the main channel from agricultural 

areas in Rio das Mortes catchment were negligible. Nutrient export from agricultural areas to the 

main river was probably regulated by the river catchment's buffering capacity, as already observed 

for sediment exports (WALLING, 1999).  

Despite its small contribution to whole-catchment land cover, urban land use, rather than 

agriculture, was correlated to DIN concentrations (Spearman-Rank correlation, r=0.59, p<0.05), 

suggesting that urbanisation may have more severe effects on nitrogen availability than agriculture in 

the studied catchment. Urbanisation was also the most critical stressor in previous studies regarding 

water chemistry and river saprobity level (SPONSELLER et al., 2001; GÜCKER et al., 2016). Fatty 

acid analysis of the suspended particulate organic matter of the Rio das Mortes revealed a 

predominance of human faecal material and kitchen oils in the water, especially in segments near 

larger urban centres (BOËCHAT et al., 2014). Therefore, it appears that, despite the large areas 

occupied by pasture and agriculture in Brazil, urbanisation is more deleterious than other land use 

types for water quality and ecosystem functioning of similar Brazilian river systems (OMETO et al., 

2000). Urbanisation also increased dissolved organic nitrogen (DON) concentrations more strongly 

in highly urbanised Neotropical catchments than in urbanised temperate catchments, due to the 

absence of efficient wastewater treatment in many tropical regions and the widespread 

implementation of tertiary wastewater treatment in temperate regions (GÜCKER et al., 2016). In our 

study, urbanisation was also the only land-use type positively correlated to the river integrity score 

(Spearman-Rank correlation, r=0.51, p<0.05), confirming a direct relationship between catchment 

urbanisation and in-stream structural degradation, already reported by other studies (LENAT AND 

CRAWFORD, 1994; SPONSELLER et al., 2001). 

 

3.2.  Temporal and spatial changes in the benthic invertebrate community 

 

Despite differences in its spatial distribution, described later in this section, the benthic 

invertebrate community showed a similar taxa composition in both sampling seasons. In the dry 

season, the identified benthic invertebrates were distributed into 33 taxa, whereas 32 taxa were 
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identified during the rainy season, from which 26 taxa were also found during the dry season. 

Significant differences were found for benthic macroinvertebrate densities between seasons and 

among sampling stations within seasons (ANOVA, p<0.05). In the dry season, higher total density 

values were observed for all macroinvertebrate variables than in the rainy season (ANOVA, p<0.05; 

Figure 2). In the dry season, total macroinvertebrate density and Chironomidae density were higher 

at the upstream stations than at middle sections (3-6), and again higher at station 7 than at middle and 

downstream stations (8-11; ANOVA and Tukey HSD-test, p<0.05; Figure 2a). Oligochaeta density 

was higher at station 2 than at all other stations, except for station 9 (ANOVA and Tukey HSD-test, 

p<0.05; Figure 2a). Station 2 was the first truly urbanised station in our dataset, and Oligochaeta are 

frequently reported to be abundant in urban streams (LENAT AND CRAWFORD, 1994). No 

significant differences were found for EPT densities among sampling stations (ANOVA, p>0.05; 

Figure 2a). In general, less significant differences among stations were observed during the rainy 

season, possibly due to hydrodynamic disturbance due to frequent stormflow events that also resulted 

in overall low invertebrate densities. During the rainy season, total density and density of Oligochaeta 

did not differ among stations (ANOVA and Tukey HSD-test, p>0.05; Figure 2b). Chironomidae 

densities were higher at headwater stations 1 and 2, and station 9 than at all other stations (ANOVA 

and Tukey HSD-test, p<0.05; Figure 2b). Densities of EPT were also higher at station 9 than at all 

other stations (ANOVA and Tukey HSD-test, p<0.05; Figure 2b). 

As Chironomidae were the dominant group in the river benthic community (Figure 2), from 

headwater to river mouth, significant changes in total invertebrate density were mostly associated 

with changes in Chironomidae densities, in both seasons. Rather similar microhabitat conditions 

along the river could be the reason for the dominance of Chironomidae, as sandy sediments dominated 

substrate structure at all stations except for the headwater and TIR stations. This pattern has already 

been demonstrated in a previous study, in which the response of benthic invertebrate density, biomass 

and secondary production among sampling stations along the Rio das Mortes were compared in a 

single year (AGUIAR et al., 2015). Whenever present, longitudinal changes in the invertebrate 

community were mainly associated with the relative contribution of sandy sediment. This pattern may 

be pervasive in the erosion-prone, mainly sand-bottomed river systems in the Brazilian Cerrado 

savannah and Atlantic forest. 
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Figure 2: Longitudinal changes (mean ±1SD) in total density of benthic invertebrates during (a) the dry and (b) the 

rainy season in the Rio das Mortes. 

 

3.3.  Longitudinal changes in water quality, sediment structure, river structural integrity and 

benthic macroinvertebrates – landscape versus habitat effects 

 

The PCAs run separately for the dry and the rainy seasons (Figure 3, table 4) showed on the 

first axis that headwater segments of the river (stations 1 and 2) were different from all other river 

segments when all investigated variables were analysed together. These stations had the highest total 

macroinvertebrate density (during the dry season), the highest Chironomid density (in both seasons), 

and the highest structural integrity (i.e., the lowest river integrity scores) among all stations. The first 
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axis separated middle-segment stations from headwater stations. These stations had high nitrogen 

levels and the lowest river integrity among all stations and high proportions of urban land use 

compared to the river's headwater and final segments (table 1). Therefore, intermediate sampling 

stations were plotted together in the PCAs, suggesting that urbanisation may be strongly associated 

to water quality variables and the river structural integrity, and supporting the view that urbanisation 

is currently a major stressor to river integrity in South-eastern and Central Brazil (OMETO et al., 

2000; GÜCKER et al., 2016). 

 

 
Figure 3: PCAs for water quality, sediment structure, river structural integrity, and macroinvertebrate variables in the 

Rio das Mortes during the dry (upper panels) and the rainy (lower panels) season. (A) variable tendencies along each 

axis extracted by the PCAs. (B) Longitudinal gradients of the 11 sampling stations.
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Table 4:. Statistical parameters of the PCAs run separately for the dry and the rainy season. 
 

 Dry season  Rainy season 

 1st axis 2nd axis  1st axis 2nd axis 

Variables contribution 

(scores-correlation 

matrix) 

Total density (-0.69) 

Chironomidae density (-0.81) 

%Silt (0.60) 

SC (0.83) 

NO3+NO2-N (0.84) 

River integrity score (0.79) 

%Urban (0.81) 

%Agric (-0.97) 

EPT density (0.60) 

%Sand (-0.62) 

%Pebbles (0.66) 

NH4-N (0.87) 

DIN (0.82) 

 

 Chironomidae density (-0.79) 

Temp (0.88) 

NO3+NO2-N (0.76) 

DIN (0.86) 

River integrity score (0.86) 

%Urban (0.76) 

%Agric (-0.92) 

 

Total density (-0.60) 

Oligochaeta density (-0.69) 

%Sand (-0.79) 

% Pebbles (0.69) 

NH4-N (0.56) 

 

Eigenvalue 7.87 3.95  7.79 3.19 

Extracted variation (%) 41.4 20.8  41.0 16.8 

Cumulative extracted 

variation (%) 

41.4 62.2  41.0 57.8 
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While this general pattern of land-use impact was expected, stations that did not entirely fit 

the presented pattern in the ordination (stations 2, 7, and 9) provided interesting information on the 

role of local habitat heterogeneity. Headwater station 2 showed high structural integrity and 

invertebrate densities, but in contrast to headwater station 1, sandy sediments and high densities of 

Oligochaeta (table 1) and was thus found at an intermediate position in axis 1 (Figure 3). Midstream 

station 7 (TIR) was isolated from the other stations in the ordinations. This urbanised station had high 

DIN concentrations and low structural integrity but was dominated by pebbled sediment and showed 

high EPT densities. Moreover, during the rainy season, benthic invertebrate densities were also high 

at station 9, especially those of the dominant Chironomids, but also EPT. Station 9 was the only 

station located in a protected area in the National Forest Park of Ritápolis (FLONA), which was the 

reason for the best structural integrity attributed to this station among lower river section stations. 

However, the fact that station 9 was located in a protected area had no considerable effect on nutrient 

concentrations or sediment structure (tables 1-3), placing station 9 together with other intermediate 

stations in the PCA plot. Nevertheless, intact margin conditions and the presence of a larger and near-

natural riparian zone at station 9, may have been responsible for the high densities of Chironomidae 

and EPT, a group considered sensitive to environmental impacts (CORTES et al., 2013). 

These exceptions from the general land-use pattern—i.e., mainly urbanisation-related effects 

on river water quality and biochemistry, as well as structural integrity—we found, suggest that local, 

small-scale differences in river structural integrity and sediment structure must be considered, and 

may even be a more critical factor for the benthic invertebrate community than general water quality 

or catchment land-use patterns (SPONSELLER et al., 2001) in this and other tropical rivers. Thus, 

our results support the idea that local restoration of hydromorphology, habitat heterogeneity and 

riparian vegetation may already lead to considerable improvements in nearby reaches of impacted 

rivers. Regarding monitoring practices, water quality and biochemistry seemed to be a better indicator 

of urbanisation in the river catchment. In contrast, invertebrate variables were better indicators of 

local microhabitat structural changes, directly or indirectly caused by agricultural land-use practices 

in the river catchment, including deforestation of the riparian zone and margin erosion, with 

consequent increases of sandy sediments (MONTEIRO et al., 2016). Albeit rarely performed by 

responsible water management agencies in tropical regions, complementary assessments of 

landscape-wide and local impacts on river ecosystems, appear to be justified to devise effective and 

realistic strategies for mitigating land-use impacts on tropical rivers. 
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