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ABSTRACT

Land-use change is among the most important human impacts on habitat quality and
species diversity. In this study, we investigated the effects of land use on river habitat quality
and sediment granulometry in a larger tropical river, affected by urbanization and agricultural
land use. We selected 15 representative sampling reaches in the Rio das Mortes basin, 12 of
them along the main river from its headwater to its mouth, and 3 in major tributaries. A
habitat survey was conducted in these reaches in the dry season 2010 and sediment samples
were taken for granulometry analyses. Sub-basin land cover of reaches was dominated by
natural vegetation (41.6 to 60.2% of total land cover), followed by agricultural land cover
(38.4% to 56.9%) and urban land cover (1.4% to 5.6%). Sediments were dominated by poorly
to moderately sorted silts to sands, little conducive to diverse biological communities.
According to the river habitat survey, all investigated river reaches exhibited moderately to
totally disturbed habitat integrity, due to diverse and often co-occurring human impacts, such
as riparian deforestation, water abstraction, sand and gravel extraction, and margin erosion.
Only one of the investigated sampling reaches exhibited the minimum riparian forest corridor
width demanded by the Brazilian Forest Code. Our results indicated that river habitat and
sediment quality mainly depended on conditions in the direct vicinity of river reaches.
Accordingly, initial cost-effective restoration of aquatic habitats could be achieved by
relatively simple channel restoration measures and the protection of the riparian corridor in
the investigated tropical river.

Keywords: Neotropical rivers, urbanization, agriculture, structural integrity.

Efeitos do uso do solo sobre a qualidade de habitat e a granulometria
do sedimento ao longo de um rio tropical de 4% ordem

RESUMO

Mudangas no uso e ocupacdo do solo representam um importante impacto antrépico
sobre a qualidade de habitats e a diversidade biolégica. Os efeitos do uso do solo sobre a
qualidade de habitats e a granulometria do sedimento em um rio tropical impactado por
urbanizacgéo e agricultura foram investigados. Foram selecionados 15 trechos de amostragem
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representativos da bacia do Rio das Mortes, sendo 12 localizados no leito principal, desde a
cabeceira até a foz, e os restantes em trés dos principais tributarios. Um levantamento de
habitat foi realizado nestes trechos durante a estacdo seca de 2010 e amostras de sedimento
foram coletadas para andlise granulométrica. A cobertura da bacia nos trechos estudados foi
dominada por vegetacdo natural (41.6 a 60.2%), seguida por agricultura (38.4 a 56.9%) e
urbanizacdo (1.4 a 5.6%). Os sedimentos foram dominados por silte e areia, pouco favoraveis
a diversidade bioldgica. De acordo com o levantamento de habitat, todos os trechos
apresentaram integridade moderada ou totalmente perturbada, devido a diversos impactos
frequentes, tais como remocao de mata ciliar, captacdo de 4gua, extracdo de areia e cascalho e
erosdo. Apenas um dos trechos estudados apresentou largura de corredor ripario em
concordancia com o exigido pelo Codigo Florestal Brasileiro. Os resultados indicam que a
integridade de habitat e a qualidade do sedimento riverinos dependem principalmente das
condicdes presentes na vizinhanca imediata dos trechos estudados. Assim, a restauracao
custo-efetiva dos habitats aquaticos poderia ser alcancada por medidas simples de
restauracdo do canal e a protecdo da vegetacdo riparia neste rio tropical.

Palavras-chave: Rios neotropicais, urbanizagédo, agricultura, integridade estrutural.

1. INTRODUCTION

Land-use change, i.e., the transformation of natural land into agricultural and urban area,
IS among the most important human impacts on biodiversity and ecosystem functioning
(Foley et al., 2005; Pereira et al., 2010). Effects of land-use change range from habitat
destruction and pollution to extensive modifications of global biogeochemical cycles (Foley
et al., 2005). Globally, land-use change affects the global matter cycles, such as the carbon
(C), nitrogen (N) and phosphorus (P) cycles, as well as global climate and hydrology
(Vitousek et al., 1997; Meir et al., 2006). Moreover, global declines in biodiversity may be
largely due to habitat loss, modification and simplification (Pimm et al., 1995; Vitousek et al.,
1997). Regionally, nutrient and contaminant pollution of water resources and soils (Carpenter
et al., 1998; Allan, 2004), climate change, and altered watershed water budgets are frequently
reported impacts (Pielke et al., 2002; Kalnay and Cai, 2003).

Patterns of land-use effects may differ between temperate and tropical watersheds,
especially those of urban land use, due to the absence of adequate domestic and industrial
sewage treatment, and missing or inefficient municipal land development plans in many
tropical countries. Impacts of agricultural land use may also differ owing to differences in soil
properties, nutrient availability, geology and climate (Dudgeon, 2008). Pristine tropical soils
are often highly weathered and leached, and thus strongly N and P limited, making them
especially susceptible to eutrophication (Tiessen et al., 2002; Gucker et al., 2009).
Additionally, high surface runoff due to intense rainfall frequently causes soil erosion, high
suspended sediment loads of running waters, and subsequent sediment deposition in aquatic
ecosystems (Dudgeon, 2008). In general, soil erosion of clearcut watersheds in the tropics is
higher than in other regions (Hudson, 1971). Agricultural and urban land use is also
responsible for more localized erosion types, such as bank erosion at rivers and lakes, and
gully erosion, delivering substantial loads of fine sediments to aquatic ecosystems. Associated
decreases in stream invertebrate diversity and biomass, as well as impacts on ecosystem
functioning have been reported (Wantzen, 2006; Dudgeon, 2008; Giicker et al., 2009).

Monitoring, assessing and understanding the effects of land-use impacts on aquatic
habitat quality and diversity, as well on the granulometry and structure of benthic sediments is
an important step towards the mitigation and restoration of aquatic systems impacted by
human activities (Brauns et al., 2011; Nascimento et al., 2012). In many continental aquatic
ecosystems, sediments are the most important habitat for the biotic community (including
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microbes, primary producers, and consumers) and human impacts on sediment quality may
have important consequences for aquatic food webs and ecosystem functioning (Wantzen,
2006; Brauns et al., 2011). Therefore, the main objective of this study was to investigate
effects of watershed land use on river habitat quality and sediment granulometry in a larger
tropical river affected by urbanization and agricultural land use. We expected urbanization
and agriculture to adversely affect river habitat and sediment quality, and to be associated
with riparian deforestation, erosion and sedimentation.

2. MATERIALS AND METHODS

2.1. Study area

The investigated tropical watershed is located in the southern part of the Serra do
Espinhaco mountain range in the transition zone between the Brazilian Cerrado savanna and
the Atlantic rainforest. The region’s climate is characterized by warm, rainy summers
(September - March) and mild, dry winters (March - September). The soils are sandy and poor
in nutrients, rich in iron and manganese and subjected to erosion in areas where the original
savanna or semi-deciduous forest vegetation has been removed (Klink and Machado, 2005).
The investigated river, the Rio das Mortes, is a 4™-order tributary to the Rio Grande in the
upper Parand basin. Land cover in its watershed is mainly native vegetation (52.0% of total
area), as well as pasture and agriculture (44.4%), and little urban land cover (3.4%). We
selected 15 sampling reaches in the Rio das Mortes basin, 12 of them along the main river
from its headwater to its mouth (Figure 1), and 3 in major tributaries. All reaches represented
typical channel and riparian zone characteristics for each sub region of the watershed. A
habitat survey was conducted in all reaches in the dry season 2010. Sediment samples were
taken in triplicate in each reach, with exception of sampling reach 1 that was subdivided in a
pool and a riffle reach, which were then sampled separately.

Barbacena

Y

Rio das Mortes
catchment

Figure 1: Study sites in the Rio das Mortes watershed. Sites 1 to 12 are situated along the main river;
sites 13 to 15 are the tributaries Rio Peixe, Rio Elvas and Pequeno Rio das Mortes, respectively.
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2.2. Land cover

We performed a land cover characterization of the entire river basin adopting supervised
classification techniques (Silva-Junior et al., 2014). Thereby, 16 land use categories were
distinguished (listed at the end of this paragraph). We delimited sub-watersheds upstream of
each study reach based on hypsometric maps and land cover distributions for these
sub-watersheds were calculated based on the previous land cover characterization. We also
delimited a riparian corridor of 300 m width and 500 m length for each reach and calculated
land cover distributions in these corridors. Land use categories were classified as natural land
cover (primary and secondary forest, Cerrado savanna, rupestrian fields, Campo Limpo
grassland, rock outcrops and surface waters), agricultural land cover (pasture, crop plantation,
open soil, eucalyptus plantation and burnt areas) and urban land cover (mainly urban areas,
roads, railways and mining). Contributions of these land use categories were subsequently
summed up and the aggregated categories (natural, agricultural and urban land cover) were
used in further analyses.

2.3. Habitat assessment

We investigated the structural integrity of each study reach using the German river
habitat on-site survey methodology (Kamp et al., 2007). Following this methodology, each
sampling reach received a score, representing the structural integrity of the river bed, banks
and a 100 m wide floodplain corridor. This habitat assessment method considers six main
parameters (longitudinal profile, bank structures, etc.) defined by 14 functional units
(sinuosity, constructions, etc.). The final assessment score value varies from 1 (undisturbed
condition) to 7 (totally disturbed) (Kamp et al., 2007).

2.4. Granulometry

We dried sediment samples for 48 h at 85°C prior to analysis. Mean (x 1SD) sample dry
mass was 265 + 113 g. Samples were separately dry-sieved for a minimum of 30 min with an
analytical test sieve set (mesh sizes 0.075, 0.15, 0.3, 0.6, 1.18, 2.36, 4.75, 6.3, 9.5, 12.5, and
25 mm; Bertel, Sdo Paulo, Brazil) until constant weight for each size fraction was achieved.
Sediment material for each size fraction was weighed to the nearest 0.01 g with an analytical
balance (Marte AL-500C, Séo Paulo, Brazil). Thereby obtained sediment particle size spectra
were analyzed with the computer program GRADISTAT version 7.0 (Blott and Pye, 2001)
using Folk and Ward graphical measures that have proven useful for comparative analyses
(Blott and Pye, 2001). We used the Wentworth scale to classify sediments into particle size
fractions (Blott and Pye, 2001). Sediments with sorting coefficient intervals of 1.27 to 1.41,
1.42 t0 1.62, 1.63 to 2.0, 2.01 to 4, and 4.01 to 16 were classified as well sorted, moderately
well sorted, moderately sorted, poorly sorted, and very poorly sorted, respectively. Skewness
intervals of -1.0 to -0.3, -0.29 to -0.1, -0.09 to 0.1, 0.11 to 0.3, and 0.31 to 1.0 were used to
describe sediments as very fine skewed, fine skewed, symmetrical, coarse skewed, and very
coarse skewed, respectively. Kurtosis values of 0.67 to0 0.9, 0.91 to 1.11, and 1.12 to 1.5 were
used to describe sediment particle size distributions as platykurtic, mesokurtic, and
leptokurtic, respectively.

3. RESULTS AND DISCUSSION

3.1. Land cover

Sub-watershed land cover of the investigated reaches was dominated by natural
vegetation, i.e., 13 of the investigated 15 reaches had more than 50% natural land cover in
their sub-watersheds (Table 1). Contributions of agricultural and urban land cover to total
sub-watershed area ranged from 38.4% to 56.9%, and from 1.4% to 5.6%, respectively. Land
cover in a 300 m wide and 500 m long riparian corridor at each sampling reach exhibited a
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wider variability, and contributions of natural, agricultural and urban land cover ranged from
4.2% to 57.9%, 0.4% to 76.7%, and 18.7% to 71.5%, respectively.

3.2. Habitat assessment

According to the river habitat survey, none of the investigated river reaches exhibited
undisturbed or little disturbed conditions (scores 1 and 2, Table 2). The headwater sampling
site 1 received score 3 (moderately disturbed), mainly due to partial riparian clearcutting and
pasture in the riparian zone, but exhibited high habitat and sediment variability. Two stream
reaches received score 4 (clearly disturbed), i.e. the headwater sampling reach 2 with a
relatively intact riparian forest and the lower river reach 9 with a high habitat and sediment
diversity, and a forest reserve on the right river bank (i.e., the Floresta Nacional de Ritépolis).
The remaining 12 sampling reaches, including representative reaches of the river’s main three
tributaries, received scores ranging from 5 (heavily disturbed) to 7 (totally disturbed), due to
diverse and often co-occurring human impacts, such as complete riparian deforestation, water
abstraction, sand and gravel extraction, and excessive margin erosion (Table 2). Accordingly,
habitat quality of the entire river system can be regarded as considerably disturbed (Kamp et
al., 2007). Interestingly, only one of the investigated reaches (headwater reach 2) exhibited
the minimum riparian forest corridor, i.e., a protected riparian reserve of 5 m width,
demanded by the Brazilian Forest Code (Nazareno, 2012). Thus, considerable improvements
of river habitat quality could already be achieved by landowners respecting prevailing
environmental law.

Table 1. Land cover (% contribution) in the entire watershed upstream of each sampling
reach and in a 300 m wide riparian corridor. Nat = natural, Urb = urban, Agr =

agricultural.

Watershed Riparian

land cover land cover
Reach Nat Urb Agr Nat Urb Agr
1 41.6 1.5 56.9 49.8 0.4 49.8
2 49.0 4.7 46.3 37.7 7.4 54.9
3 52.6 5.6 41.8 4.6 76.7 18.7
4 53.5 5.1 41.3 30.4 4.0 65.6
5 53.6 5.0 41.4 37.1 4.9 58.0
6 53.6 5.0 41.4 28.6 4.1 67.3
7 53.7 5.0 41.3 4.2 35.1 60.7
8 53.7 4.1 42.2 29.7 11.0 59.3
9 52.5 4.5 42.9 20.3 8.2 715
10 52.6 4.4 43.0 57.9 13.2 28.9
11 53.4 3.8 42.8 385 20.1 41.4
12 52.7 3.6 43.6 32.1 14.2 53.7
13 57.3 2.2 40.6 29.1 3.1 67.8
14 53.7 2.0 44.3 23.9 5.6 70.5
15 60.2 1.4 38.4 46.3 7.3 46.4
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3.3. Granulometry

The sediments of the Rio das Mortes were dominated by poorly to moderately sorted,
silty to sandy sediments (Table 3). Sediments with coarser elements, i.e. ranging from
medium sands to gravel were only encountered in five sampling reaches (the two headwater
reaches, reach 7, the forest reserve reach 9, and the tributary reach 14). Sediment skewness
categories ranged from very fine to coarse, but most samples were very fine to fine skewed,
potentially indicating fine sediment deposition (Awasthi, 1970). Sediment kurtosis values
ranged from very platykurtic to very leptokurtic, indicating variable deviations from normally
distributed sediment size. In conclusion, the river’s predominantly fine sediments may not be
very conducive to diverse biological communities. Coarser sediment elements in more
structurally intact river reaches indicate that erosion and subsequent fine sediment deposition
may contribute additional fine sediments in many of the more disturbed reaches of the studied
river (Nascimento et al., 2012). Accordingly, additional structural elements, such as coarse
particulate organic matter, may be especially important for the biotic community and should
be a focus of habitat restoration in human-impacted tropical rivers (Acufia et al., 2013).
Conversely, massive gravel extraction in the few river reaches exhibiting coarser sediments
should be especially deleterious.

Table 2. Structural Integrity Score (SIS) and associated habitat characteristics of the studied river
reaches. SIS are l=undisturbed, 2=little disturbed, 3=moderately disturbed, 4=clearly disturbed,
5=heavily disturbed, 6=very heavily disturbed, and 7=totally disturbed.

River reach SIS Habitat characteristics

Pasture in the riparian zone and partial riparian
clearcutting; disruptor elements such as bridges
and vicinity to roads; high habitat and sediment
diversity.

Sewage discharge and vicinity to roads; incised
4 | channel; presence of backwaters; relatively pristine
riparian forest.

Crop plantation, pasture and buildings in the
riparian zone; margin erosion; natural vegetation
largely removed; solid waste deposition and
sewage discharge, vicinity to roads.

Vicinity to roads; industrial sediment (sand)
extraction; massive margin erosion and siltation;
relatively pristine forest at right riverbank; dead
wood in the river channel.
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River reach SIS Habitat characteristics

Artificial transversal barriers; very low substrate
diversity; massive margin erosion and channel
7 | incision; riparian deforestation and pasture in the
riparian zone; solid waste deposition at the
margins and in the main channel; vicinity to roads.

Altered margins with low width variation; riparian
deforestation and pasture, crop plantation and
7 | buildings in the riparian zone; very low substrate
diversity; solid waste deposition; vicinity to a fish
farm and roads.

Altered margins with low width variation; gravel
banks; urban elements, such as bridges, houses,
gardens, and roads in the riparian zone; sewage
discharge and solid waste deposition.

Very homogenous sediment structure; low
diversity in channel morphology; low width
6 |variation and habitat diversity; riparian
deforestation and pasture, eucalypt plantation;
vicinity to roads.

Riparian deforestation, erosion and vicinity to
roads on the left riverbank; gravel bars, high
habitat diversity and pristine forest on the right
bank.

Bridges and vicinity to roads; bank erosion; solid
5 | waste deposition; sewage discharge by a
slaughterhouse; water and sand abstraction.

Partial riparian deforestation; pasture and buildings
in the riparian zone; cattle with direct access to the
river; bridges, mining activity and water
abstraction.

Strongly altered margin structure and riparian
6 | deforestation; bank erosion, channel incision and
pasture; vicinity to roads; low habitat diversity.
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River reach SIS Habitat characteristics

Riparian deforestation, crop plantation and pasture
in the riparian zone; margin erosion; natural
vegetation completely removed; entire riverbed
composed of shifting sands.

Riparian deforestation, crop plantation and pasture
7 | in the riparian zone; homogeneous fine sediments,
little habitat heterogeneity; water abstraction.

Partial riparian deforestation; pasture in the
riparian zone.

Table 3. Sediment classification, mean particle size (MPS), sorting, skewness, and kurtosis of the
investigated river reaches.

Reach Sediment classification MPS (um) | Sorting | Skewness Kurtosis

1 Poorly sorted, coarse sand to 920 — 0.9- -0.3- -0.5-

well sorted, medium gravel 8730 2.6 -2.3 1.0
2 Moderately sorted, medium sand 259 1.8 0.0 1.0
3 Poorly sorted, fine sand 139 2.2 -0.3 1.6
4 Poorly sorted, very fine sand 96 2.4 -0.4 2.3
5 Poorly sorted, very fine sand 97 25 -0.4 2.3
6 Poorly sorted, very coarse silt 61 3.0 -0.5 1.2
7 Very well sorted, fine gravel 6708 0.4 0.3 0.5
8 Poorly sorted, very coarse silt 53 2.9 -0.6 0.9
9 Poorly sorted, fine sand 207 3.2 0.1 1.6
10 Poorly sorted, very fine sand 120 2.4 -0.3 1.7
11 Poorly sorted, fine sand 204 2.1 -0.2 1.4
12 Poorly sorted, coarse silt 30 3.3 -0.1 0.7
13 | Moderately sorted, coarse sand 549 2.0 0.2 1.1
14 | Moderately sorted, fine sand 166 1.6 0.2 0.8
15 | Moderately sorted, fine sand 163 1.7 0.3 1.1

3.4. Relationships between land cover, habitat quality and granulometry

There were no significant relationships (Spearman correlations, p > 0.1, n = 15) between
agricultural and urban land use — both in the entire sub-basins and the riparian corridors — and
habitat quality or sediment characteristics, with the exception of a positive correlation
between urban land cover and sediment kurtosis (Spearman correlation, rho = 0.54, p < 0.05,
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n = 15). This correlation may point to an important aspect of the urban stream syndrome
(Walsh et al., 2005), i.e., that increased hydraulic stress and increased flash floods in
urbanized rivers may lead to more leptokurtic, structurally uniform sediments, thereby
affecting the river’s biological community. Natural land cover was expected to exhibit a
positive relationship with sediment grain size (i.e., more natural land cover leading to coarser
sediments) and a negative relationship with the habitat quality score (i.e., more natural land
cover leading to better habitat quality), but no such relationships were found, indicating that
river habitat and sediment quality only depended on conditions in the direct vicinity of a
given river reach. Indeed, a marginally significant negative correlation between natural land
cover in the 300 m riparian corridor and the habitat quality score (Spearman correlation,
rho = -0.47, p = 0.07, n = 15) supported the view that mostly the riparian zone of the river
influenced habitat quality.

4. CONCLUSIONS

All river reaches studied in the Rio das Mortes basin exhibited moderately to totally
disturbed habitat integrity, due to co-occurring human stressors, such as riparian
deforestation, water abstraction, sand and gravel extraction, and margin erosion. Interestingly,
only one of the investigated sampling reaches exhibited the minimum riparian forest corridor
width demanded by the Brazilian Forest Code. Habitat integrity and sediment characteristics
were largely unrelated to whole watershed land cover, but high habitat integrity and coarser
sediment elements were restricted to river reaches with a partially intact riparian zone, such as
headwater reaches or a reach flanked by a forest reserve. Thus, our results suggest that river
habitat and sediment quality mainly depended on environmental conditions in a narrow
riparian corridor. Accordingly, initial cost-effective restoration of aquatic habitats could be
achieved by relatively simple channel restoration measures and riparian corridor protection in
tropical rivers subjected to land-use change.
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