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Abstract: Objective: In this study we aimed to understand how extrinsic environmental factors
measured in the watercourses and the surrounding landscape influence the ichthyofauna of first-order
streams. Methods: Data were collected within the Corumbatai River Basin, Sio Paulo, southeastern
Brazil, during the dry season of 2012. We sampled the ichthyofauna in 13 stretches of streams
distributed across four river sub-basins. The stretches differed in relation to the presence/absence of
riparian forest, the predominant type of matrix and the percentage of forest. Response variables were
species richness and the occurrence of functional groups and explanatory variables include both local
and landscape structures from the surrounding environment. Local variables comprised the following
water quality and structural attributes: pH, temperature, conductivity, turbidity, flow rate, depth,
width, type of substrate. Landscape variables included presence/absence of riparian vegetation, type of
vegetation, type of matrix, percentage of forest and canopy cover. Results: A total of 268 individuals
were recorded, which were distributed among 12 species. The landscape structure influenced the
occurrence of functional groups in first-order streams, especially allochthonous-feeders, nektonic and
hypoxia-intolerant species. The presence of riparian forest was the most important predictor. Species
richness was negatively related to the presence of riparian vegetation, supporting the hypothesis that
degraded landscapes lead to a reduction in diversity. Conclusion: The protection of riparian vegetation
is critical to the maintenance of ichthyofauna diversity in first-order streams. The presence or absence
of riparian vegetation differently affected the occurrence of species depending on their functional
characteristics, particularly those related to the tolerance to hypoxia, source of alimentary items and
the position in the water column.

Keywords: landscape ecology; ichthyofauna; riparian vegetation; ecological groups.

Resumo: Objetivo: Neste estudo buscamos compreender como os fatores ambientais extrinsecos
medidos no curso d’dgua e a paisagem circundante influenciam a ictiofauna em rios de primeira
ordem. Métodos: Os dados foram coletados na Bacia do Rio Corumbatai, Sao Paulo, regiio sudeste
do Brasil, durante a estacio seca de 2012. A ictiofauna foi amostrada em 13 trechos de riachos
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distribuidos em quatro sub-bacias. Os trechos diferiam em relagdo & presenca/auséncia de mata ciliar,
tipo predominante de matriz e porcentagem de cobertura vegetal. A riqueza de espécies e a ocorréncia
dos grupos funcionais foram as varidveis resposta, enquanto as varidveis explanatérias incluiram
tanto estruturas locais como da paisagem do entorno. As varidveis locais foram compostas por pH,
temperatura, condutividade, turbidez, vazdo, profundidade, largura, tipo de substrato. As varidveis
da paisagem incluiram presenca/auséncia de vegetagio ripdria, tipo de vegetacdo, tipo de matriz e
cobertura de dossel. Resultados: Coletamos 268 individuos distribuidos em 12 espécies. A estrutura
da paisagem influenciou a ocorréncia da ictiofauna em rios de primeira ordem, em especial das espécies
de alimentagio al4ctone, nectdnicas e intolerantes a hipdxia. A presenca de mata ciliar foi o preditor
mais importante. A riqueza de espécies foi negativamente relacionada & presenca de vegetagio ripdria,
corroborando a hipétese de que paisagens mais degradadas levam a uma redu¢io na diversidade.
Conclusao: A preservagio da vegetagio ripdria é fundamental para a manutengio da diversidade da
ictiofauna. A presenca ou auséncia da vegetagio ripdria pode afetar diferentemente a ocorréncia de
diferentes espécies, dependendo de suas caracteristicas funcionais, sobretudo relacionadas a tolerancia

a hipéxia, entrada de alimento no riacho ou posi¢io na coluna d’dgua.

Palavras-chave: ecologia da paisagem; ictiofauna; vegetagio ripdria; grupos ecolégicos.

1. Introduction

Freshwater represents less than 0.8% of all the
water covering the surface of the planet, however,
it houses about 6% of all described species and
represents 40% of the diversity of fish in the world
(Magalhesetal., 2011). Most of that species richness
is concentrated in tropical and subtropical regions
(Lévéque etal., 2008), and new species continue to
be described (Agostinho etal., 2008; Lévéque etal.,
2008). Aquatic fauna is critically endangered due
to human-induced changes, which are responsible
for rapid and strong disturbances in continental
ecosystems (Barili etal., 2011) and which may entail
species loss, faunal homogenization and decreased
fish biomass (Casatti, 2010).

Among the main changes of anthropogenic
origin are the loss and/or fragmentation of
habitat (Dudgeon et al., 2006; Cunico et al.,
2012), the deforestation of riparian vegetation
(Teresa & Casatti, 2010), hydrological changes
(Agostinho etal., 2008), overfishing, pollution and
the propagation of invasive species (Vitousek et al.,
1997; Bifi et al., 2006; Olden et al., 2010). The loss
of riparian vegetation, margin erosion and silting of
the riverbed leads to a reduced habitat complexity in
the watercourses, with a slow flux and homogeneous
stretches (Barrella et al., 2000).

The riparian vegetation has as much influence
on the terrestrial system as on the aquatic system
as it is located in the region of land-water interface,
such that its maintenance is a prerequisite for the
preservation of the river and the surrounding soil
(Cunha & Guerra, 1998). Riparian vegetation also
contributes to other ecological roles: it acts in the
containment of flash flooding, the infiltration of
surface runoff, the absorption of excess nutrients,
and the retention of sediment and agrochemicals
(Silva et al., 2003). Riparian vegetation play
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important role on the protection of the drainage
network, reducing the silting of the river channel
and promoting the increase of flow capacity during
drought (Karr & Schlosser, 1978).

The removal of riparian vegetation from the
basins, particularly in the headwaters of streams,
directly and indirectly influences the composition
and the functional structure of fish assemblages
(Teresa & Casatti, 2010). Studies have shown that
species richness would be lower in more degraded
landscapes (Viana & Pinheiro, 1998). Studies have
aimed to understand how fish species richness
varies in relation to local environmental variables
(e.g., pH, temperature, conductivity, turbidity
and flow) as well as in relation to landscape-level
variables on regional or bioclimatic scales (Balmford
& Gaston, 1999; Kautza & Sullivan, 2012).
However, few studies aimed to understand how the
landscape structure (presence of riparian vegetation,
percentage of forest, and the predominant land
use type) that surrounds water bodies affects fish
assemblages. This is particularly important because
the landscape around rivers may influence species
composition, trophic structure and the diversity of
the local ichthyofauna (Santos et al., 2015). Thus,
it is essential to quantify the influence of these
surrounding variable local fishes, including both
taxonomic and functional aspects.

The aim of this study was to quantify the relative
contribution of landscape structure and local variables
on fish richness and presence of functional groups
in first-order streams within highly fragmented
agricultural landscapes. Functional groups were
defined by considering ecological attributes
important for species survival, such as tolerant or
intolerant to hypoxia, source of alimentary items
(autochthonous or allochthonous-feeders) and
vertical position in the water column (benthic or
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nektonic). Fish assemblages may be affected by
extrinsic factors, represented by environmental
variables that can be measured in the watercourse
and the surrounding landscape. Thus, we present
the premise that, depending on the ecological
group, the landscape variables are as important
as the environmental variables in explaining the
occurrence of the species.

2. Material and Methods
2.1. Study area and sampling methods

The study was conducted in the Corumbatai
River Basin, located in the east-central portion of
Sio Paulo State, Brazil, between the coordinates
22°04’46” Sand 22°41°28” S, and 47° 26’ 23" W
and 47° 56’ 157 W (Figure 1). This basin covers
170,000 ha; originally it was covered by
semideciduous forest and cerrado, but nowadays it
is highly fragmented, containing only 11% native
forest and 1.25% cerrado /lato sensu (Brazilian
savanna). The main land use includes pasture (44%)
and sugarcane (26%) (Valente & Vettorazzi, 2003).

We collected our data in July 2012, during the
dry season. We chose this period for data collection
due the strong association between the structure

of the fish assemblages and the complexity of the
habitat during this season (Willis et al., 2005).
We sampled the ichthyofauna in 13 stretches of
first-order streams. Around every headwater we
draw a 500-m buffer, and calculated landscape
metrics for this area. The 13 headwaters (one in each
landscape) were distributed among the sub-basin
of four rivers: Cabeca (N=4), Corumbatai (N=3),
Passa Cinco (N=3) and Ribeirao Claro (N=3). These
landscapes differed in terms of the presence/absence
of riparian vegetation, the type of predominant
matrix (pasture, sugarcane, citrus or native forest)
and the percentage of forest (primary and secondary
forests) within the 500-m buffer (min=20%,
max=70%).

Fish assemblages were collected using
electrofishing technique, where pulsed electricity
is used to immobilise individuals so that they can
be collected using hand or sweep nets (Kelso &
Rutherford, 1996). The fishing removal procedure
was repeated three times at each studied headwater,
summing up 39 removals (3 removals * 13 localities).
We applied a constant fishing effort (-30 min for
each fishing removal), with a break of half of the
time used in the first fish removal. Each sampled
stretch was about 50m long.
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Figure 1. Sampling points of ichthyofauna in 13 headwaters distributed among four rivers: Cabeca, Corumbatai,
Passa Cinco e Ribeirio Claro, in the Rio Corumbatai River Basin, Sdo Paulo State, southeastern Brazil. Black dots

represent the sampling points.
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2.2. Response variables

Species richness and the present/absence of
functional groups were the analyzed response
variables. The species were categorized into
functional groups according to the following
classification proposed by Casatti (2002) and
Teresaetal. (2015): a) feeding habits (allochthonous
or autochthonous-feeders); b) position in the water
column (benthic or nektonic) and; c) tolerance to
hypoxia (tolerant or intolerant). Species that were
not classified in relation to some functional groups
were not included in the analyses of functional
groups, but were kept for species richness analyzes.

2.3. Explanatory variables

Two groups of explanatory variables were used:
1) local variables and 2) the landscape structure and
river surrounding environment. Table 1 presents
the list of these variables, as well as the numeric
meaning of each. Local variables refers to water
quality and structural attributes of the stretches: pH;
temperature; conductivity; turbidity; flow; depth;
width; and type of substrate. Water quality were
measured using a multi-parameter water analyzer
- HORIBA, model U-10. To measure the channel
depth we used a rod with gradation in centimeters.
Channel length and the width were measured using
a 30-m tape. The predominant type of substrate
were assessed by visual inspection, which were
classified into rock, sand or clay.

The second group of variables refers to the
landscape and river surrounding environment, and
included: the percentage of forest within a 500-m
radius around the sampling poing; the presence
(1) or absence (0) of riparian forests; the type of
predominant vegetation composing the riparian
zone (a — grass in riparian zone, b — shrubby
vegetation up to 1 meter in height, and ¢ — arboreal
vegetation over 1 meter); the predominant types of
matrix surrounding the rivers (pasture, sugarcane,
citrus or native forest); and canopy coverage,
measured with a coverage densitometer (varying
from 0% to 92%). In some situations the presence
of riparian vegetation not imply the presence of a
high density of forest (Table 1).

Most of these variables were obtained from
satellite images using Google Earth software and
QGIS. The vegetation cover was mapped at a scale
of 1: 5000 using high resolution images (1 meter)
available on Google Earth (http://earth.google.
com).

Before analyses we used Pearson’s correlation
coeflicient to identify patterns of collinearity among
the explanatory variables (r < 0.5 or r < -0.5).
In the case of collianearity, the most biologically
meaningful variables were kept. At the end, nine
variables were used to build the models: presence
of riparian vegetation, conductivity, stream width,
canopy coverage, the predominant types of
matrix surrounding the rivers, the percentage of
forest, water pH, water temperature and turbidity
(Figure 2).

Table 1. Explanatory variables and numeric meaning to explain the occurrence of different ecological groups and
species richness of fish in 13 headwaters distributed among four rivers, Cabeca, Corumbatai, Passa Cinco e Ribeirao
Claro, in the Rio Corumbataf River Basin, Sao Paulo State, southeastern Brazil.

Group of variables  Explanatory variables

Numeric meaning

Local variables Conductivity

Values of water conductivity

Average stream width in meters

Stream width
Substrate typepH
Temperature
Turbidity

Flow

Depth

Visual substrate classification into rock, sand or clay

Scale to specify the acidity or alkalinity of an aqueous solution
Measure of the warmth or coldness of the water in Celsius

The cloudiness or haziness of the water caused by large numbers
of particles generally invisible to the naked eye

Volume and rate of flow of the water in a specific stream site

The channel depth measured by a rod with gradation in centimeters

Percentage of forest
Riparian forest

Type of predominant
vegetation composing
the riparian zone
Type of matrix
surrounding the rivers

Landscape and
surroundings
environments

Percentage of forest (primary and secondary forests) within the
500-m buffer (min=20%, max=70%)

O=absence and 1=presence of riparian forest

Grass in riparian zone, shrubby vegetation up to 1 meter in height
or arboreal vegetation over 1 meter

Pasture, sugarcane, citrus or native forest

Canopy coverage

Canopy coverage measured with a coverage densitometer (varying
from 0% to 92%)

Absence of effect Null

Only b0 (average) parameter estimated on regression

Acta Limnologica Brasiliensia, 2016, vol. 28, 2
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Figure 2. Pearson’s correlation analysis among the explanatory variables (riparian vegetation, conductivity, with,
canopy coverage, type of substrate, the predominant types of matrix surrounding the rivers, the proportion of forest

habitat and turbidity).

2.4. Data analysis

To estimate de contribution of the local and
landscape variables on explaining species richness
and functional groups, we modeled the response
variables using Generalized Linear Models (GLM)
implemented in R software (R Development Core
Team, 2010). We used the Poisson distribution for
species richness and the binomial distribution for
the presence of functional groups. We also built
a model with the absence of effects (null model)
to test whether random effects could also explain
the responses variables. For data analysis, we used
the ‘models with multiple competing hypotheses’
approach based on the Akaike Information Criterion
(AIC) (Burnham & Anderson, 2002), where the
sets of local and landscape variables competed to
estimate their potential to explain species richness
and the presence of functional groups. Only models
containing a single explanatory variable were
compared. We calculate the AIC corrected for small
samples (AICc) and the difference of the AICc of
each model in relation to the best model (AAICc;,
where 7 represents each model). We estimated
the Akaike’s weight of evidence (WAICc), which
represents the relative contribution of the model 7

Acta Limnologica Brasiliensia, 2016, vol. 28, 2

towards explaining the observed pattern given the
set of competing models (Burnham & Anderson,
2002). Models with AAICc<2 or wAICc>0.1 were
considered equally plausible to explain the patterns
(Zuur et al., 2009).

3. Results

We collected 268 individuals, representing
12 species (Table 2). The species Astyanax
scabripinnis (Jenyns, 1842) had a high occurrence
(N = 197; 73.5%), and were found at nine of
13 points. The species Tilapia sp., Phalloceros sp.,
Geophagus sp., Pimelodella sp. and Piabina argentea
(Reinhardt, 1867) had a very low occurrence, as they
were collected at only one point.

The highest species richness (N=7) was recorded
in a landscape with 20-40% forest habitat, with
riparian zone composed of arboreal vegetation.
In the extremely degraded areas, with only grass in its
surrounding area no fish was collected. The species
richness found at the collection points were best
explained by a model that has the presence/absence
of riparian vegetation as an explanatory variable

(WAIC = 0.97, Table 3).
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Table 2. Fish species collected from 13 headwaters distributed among four rivers, Cabega, Corumbataf, Passa Cinco
e Ribeirao Claro, in the Rio Corumbatai River Basin, Sao Paulo State, southeastern Brazil.

Species Vertical position in Feeding habitat Hypoxia tolerance N”"."be’ of
the water column collection points

Astyanax scabripinnis Nektonic Allochthonous Intolerant 9

Tilapia sp. Benthonic Autochthonous Tolerant 1

Phalloceros sp. Nektonic Allochthonous/ Tolerant 1
Autochthonous

Geophagus sp. Nektonic/Benthonic Autochthonous Tolerant 1

Trichomycterus sp. Benthonic Autochthonous Intolerant 4

Phalloceros sp. 2 Nektonic Allochthonous/ Tolerant 5
Autochthonous

Poecilia reticulata Nektonic Allochthonous/ Tolerant 2
Autochthonous

Imparfinis mirini Benthonic Autochthonous Intolerant 3

Gymnotos carapo Autochthonous Tolerant 2

Characidium zebra Benthonic Autochthonous Intolerant 2

Pimelodella sp. Benthonic Autochthonous Intolerant 1

Piabina argentea Nektonic/Benthonic Autochthonous Intolerant 1

Table 3. Best models to explain the occurrence of
different ecological groups (Toler — hypoxia-tolerant;
Intol — hypoxia-intolerant; Nekt — nektonic; Bent
— benthic; Autoch — autochthonous-feeders; Alloch —
allochthonous-feeders) and species richness of fish (Rich)
in 13 headwaters distributed among four rivers, Cabega,
Corumbatai, Passa Cinco e Ribeirao Claro, in the Rio
Corumbatai River Basin, Sao Paulo State, southeastern
Brazil. K — numbers of estimated parameters for each
model; AAICc — Akaike corrected for small samples;
wAICc — Akaike’s weight of evidence. Null model
represents the absence of effect.

Model K AAICc WwAICc Effect

Toler ~ Riparian 9 0.0 0.70
forest
~ Null 1 3.9 0.10
Rich ~ Riparian 5 0.0 0.97 +
forest
~ Null 1 9.6 0.00
Alloch ~
Riparian forest 2 0.0 0.89 *
~ Null 1 8.2 0.01
Autoch ~ Null 1 1.1 0.23
Nekt ~ Riparian > 0.0 0.89 +
forest
~ Null 1 8.2 0.01
Bent ~

. 2 1.8 0.12
Conductivity 1 00 0.28
~Null
Intol ~ Riparian 5 0.0 0.77 +
forest
~ Null 1 45 0.08

3.1. Functional groups responses

The occurrence of functional groups varied
between streams, and in only four out of the
13 streams had all the groups. With regard to the
source of alimentary items, the model that best
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explains the presence of allochthonous-feeders is
the riparian forest model (wAIC = 0.89, Table 3),
while the presence of autochthonous-feeders was
best explained by both the model containing
riparian forest as an explanatory variable
(WAIC = 0.41, Table 3) as well as the null model
(wAIC = 0.24, Table 3). Regarding the use of the
environment, the riparian forest model was the
most convenient to explain the presence of nektonic
species (WAIC = 0.90, Table 3). The occurrence
of benthic species was best explained by the null
model (WAIC = 0.28, Table 3) and by the models
containing riparian forest (wAIC = 0.22, Table 3)
or conductivity (wWAIC = 0.12, Table 3). Regarding
the tolerance to hypoxia, the presence of tolerant
species can be explained by both the riparian forest
model (WAIC = 0.70, Table 3) and the null model
(WAIC = 0.10, Table 3), while only the riparian
forest model explains the presence of intolerant
species (WAIC = 0.77, Table 3).

4. Discussion

As expected, the structure of the current
landscape influenced species richness and occurrence
of functional groups in first-order streams,
particularly allochthonous-feeders, nektonic and
hypoxia-intolerant species. The presence of riparian
forest was the most important predictor factor.
The hypothesis that the species richness would
be lower in more degraded landscapes has been
corroborated, since it was higher in streams with
riparian vegetation.

Our results showed that the high species
richness found in places with better riparian forest
conditions can be related to the hydrological,
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ecological and limnological functions of riparian
forests, which are important for the preservation
of the biotic and abiotic integrity of river systems.
In stretches where water volumes are relatively low,
as is the case in first-order streams, the influence
of the forest is great. In these environments, the
riparian zone has structural importance as habitat
protection, regulating the water flux and flow as well
as providing shelter and shade. Riparian vegetation
is also an important factor for the maintenance
of water quality, filtering out substances from the
surrounding area and providing organic material
and substrate for the fauna present therein
(Barrella et al., 2000).

We showed that several local variables correlated
with landscape variables, may influence the structure
of aquatic communities. For example, temperature
had an inverse correlation to the presence of riparian
forest because the presence and structure of riparian
vegetation contributes to reducing the incidence
of sunlight on the water. The water temperature
regulates the metabolic rate of ichthyofauna
(ectothermic organisms) and an increase in that
rate can mean an increase in energy needs, which
is reflected in the quantity of food needed for the
organism to function (Magnuson et al., 1979).
Therefore, the presence of riparian vegetation can
directly and indirectly influence other variables
important for maintaining the structure and
function of aquatic ecosystems.

The type of vegetation that composes riparian
forest was highly correlated with the presence of
riparian vegetation, which can be a determining
factor in the occurrence of ichthyofauna. We noted
an absence of arboreal riparian vegetation, with
only grass and isolated trees surrounding the rivers,
and also the absence of fish. On the other hand,
although highly degraded matrices such as citrus
and sugarcane plantations surrounded the river at
some points, riparian zone that was composed of
arboreal vegetation, favored the occurrence of fish.
These results corroborated other studies (Bruschi
Junior et al., 2000; Ferreira & Casatti, 2006a;
Cetra etal., 2005) that have shown that higher levels
of fish diversity are associated with more preserved
environments.

With respect to food, we showed that riparian
vegetation influences the occurrence of allochthonous-
feeders, while for autochthonous-feeders, the model
with a riparian vegetation effect had the same
explanatory power as the null model. Studies on
the diet of tropical freshwater fish show that the
ichthyofauna of these environments generally had
significant trophic plasticity (Lowe-McConnell,
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1999), altering their diet according to spatial and
temporal variations in food supply. As the first-order
streams have a low primary productivity and the
processes are predominantly heterotrophic, the
fish in these environments depend on the input of
allochthonous-feeders matter for their subsistence
(Castro, 1999). In this sense, the riparian zone
are of great importance in these systems for food
provision, habitat composition and shelter, which
are significant factors in the maintenance of aquatic
fauna diversity (Crowder & Cooper 1982; Gilinsky,
1984; Gortceitas & Colgan, 1989; Vono & Barbosa,
2001).

The presence of riparian forest influenced the
occurrence of nektonic species. The diversity of
species with different biological and ecological
attributes, such as nektonic species that occupy
the water columns, are possibly associated with a
greater heterogeneity of available habitat (Ferreira
& Casatti, 2006b). Degraded environments have
fewer nektonic species because these species are
more susceptible to high quantities of suspended
solids (Pinto & Araujo, 2007). Thus, the influence
of riparian forest on nektonic fishes we found
may reflect an indirect effect by mediating the
influence of particle entrance, and quantities of
suspended soils in the water. Unlike the nektonic
species, the occurrence of the benthic species
was not influenced by any of the tested variables.
The current composition of the communities is
low in specialized groups and largely composed by
tolerant to hypoxia and generalists species. This may
be due to the fact that many anthropogenic changes
in the rivers of the region has acted as environmental
filters, increasing sedimentation, changing substrate
composition and reducing flow levels (Rabeni &
Smale, 1995; Casatti et al., 2006). Altogether, these
had favored and ichthyofauna composed mainly by
less specialist species at the expense of those with
more specialized habits, especially those related to
colonization of benthonic habitats.

Regarding the tolerance to hypoxia, sampling sites
with low percentage of forest, absence or degraded
riparian vegetation had few hypoxia-intolerant
species. The presence of ichthyofauna can be
influenced by the chemical quality of the water
(Karr, 1993), which can diminish with the leaching
of soils containing pesticides or phosphorus- and
nitrogen-based fertilizers (Brodie & Mitchell,
2005). When released into the water, they can
decrease the concentrations of dissolved oxygen,
thereby causing the death of many fish species less
tolerant of such conditions (Ekl6v et al., 1998).
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4.1. Riparian forests and biodiversity

Although some studies have argued that
deforestation can increases species richness due to
the appearance of new microhabitats, our results
support findings that fragmentation and habitat loss
are the main factors that contribute to reduction
of fish diversity in both taxonomic and functional
aspects. We also found that a disturbed habitat
can harbour some species, but they are frequently
generalist and less sensitive to environmental
changes. In this context, preservation of riparian
zone is of great importance not only for the fish
community, but also for other organisms. Once
preserved or restored, they can fulfill the role of
ecological corridor (Uezu et al., 2005), connecting
extant forest fragments (Metzger et al., 2008) and
contributing to the growth of regional diversity.

Several studies have warned of the impacts of
deforestation and the removal of riparian forest
(Metzger, 2010; Toledo et al., 2010; Tundisi &
Matsumura-Tundisi, 2010), including their effect
on the conservation of ichthyofauna (Casatti et al.,
2009; Magalhies et al., 2011, Santos et al., 2015).
Given the recent changes in the Brazilian forest code
(Brasil, 2012) that loosened the rules of protection
for forest areas on the banks of watercourses,
these studies are a crucial warning of the effects
of landscape modification and the reduction of
riparian vegetation on the functioning of freshwater
aquatic ecosystems and their fauna and flora.

Acknowledgements

We would like to thank CAPES and the Sio
Paulo Research Foundation (FAPESP; project no.
2014/01029-5) for the scholarship granted to CS
Carvalho. Thanks to CNPq (process 312045/2013-1)
and FAPESP (project no. 2013/50421-2) for their
continuous support with scholarships and grants
for MCR. We also thank B. Borges for the map
produced, C. Sanches for field assistance, IBAMA
for the permission to sample, and many farm owners
for their permission to sample on private properties.
We thank M. King, a native English speaker from
Canada, for proofreading the manuscript and the
referees for the contributions.

References

AGOSTINHO, A A., PELICICE, EM. and GOMES,
L.C. Dams and the fish fauna of the Neotropical
region: impacts and management related to diversity
and fisheries. Revista Brasileira de Biologia, 2008, 68(4,
1119-1132. Supplement. http://dx.doi.org/10.1590/
§1519-69842008000500019. PMid:19197482.

Acta Limnologica Brasiliensia, 2016, vol. 28, 2

BALMFORD, A. and GASTON, K.J. Why biodiversity
surveys are good value. Narure, 1999, 398(6724),
204-205. http://dx.doi.org/10.1038/18339.

BARILI, E., AGOSTINHO, A.A., GOMES, L.C.
and LATINI, J.D. The coexistence of fish species
in streams: relationships between assemblage
attributes and trophic and environmental variables.
Environmental Biology of Fishes, 2011, 92(1), 41-52.
http://dx.doi.org/10.1007/s10641-011-9814-2.

BARRELLA, W., PETRERE JUNIOR, M., SMITH,
W.S., MONTAG, L.FA., RODRIGUES, R.R. and
LEITAO FILHO, H.E As relagbes entre as matas
ciliares, os rios e os peixes. In R.R. RODRIGUES and
H.E. LEITAO FILHO. Matas ciliares: conservacio e
recuperagdo. Sio Paulo: EDUSP, 2000, pp. 187-207.

BIFL, A.G., BAUMGARTNER, D., BAUMGARTNER,
G., FRANA, V.A. and DEBONA, T. Composicio
especifica e abundancia da ictiofauna do rio dos
Padres, bacia do rio Iguacu, Brasil. Acta Science
Biological Science, 2006, 28(3), 203-211.

BRASIL. Lei Federal n° 12.651, 25 de maio de 2012.
Dispoe sobre o Cédigo Florestal. Didrio Oficial (da)
Reptib/im Federativa do Brasil, Poder Executivo,
Brasilia, DF, 28 maio 2012.

BRODIE, J.E. and MITCHELL, A.W. Nutrients in
Australian tropical rivers: changes with agricultural
development and implications for receiving
environments. Marine & Freshwater Research,
2005, 56(3), 279-302. htep://dx.doi.org/10.1071/
MF04081.

BRUSCHI JUNIOR, W., MALABARBA, L.R. and
SILVA, J.EP. Avaliagio da qualidade ambiental dos
riachos através das taxocenoses de peixes: carvio e
meio ambiente. Porto Alegre: Centro de Ecologia,
Universidade Federal do Rio Grande do Sul, 2000,
1856 p.

BURNHAM, K.P. and ANDERSON, D.R. Model
selection and multimodel inference: a practical
information-theoretical approach. 2nd ed. New York:
Springer-Verlag, 2002.

CASATTI, L. Alimenta¢io dos peixes em um riacho
do Parque Estadual Morro do Diabo, bacia do Alto
Rio Parand, sudeste do Brasil. Biota Neotropica,
2002, 2(2), 1-14. htep://dx.doi.org/10.1590/S1676-
06032002000200012.

CASATTI, L. Alteragoes no Cédigo Florestal brasileiro:
impactos potenciais sobre a ictiofauna. Biota
Neotropica, 2010, 10(4), 31-34. htep://dx.doi.
org/10.1590/51676-0603201 0000400002.

CASATTI, L., FERREIRA, C.P. and CARVALHO, ER.
Grass-dominated stream sites exhibit low fish species
diversity and dominance by guppies: an assessment
of two tropical pasture river basins. Hydrobiologia,
2009, 632(1), 273-283. http://dx.doi.org/10.1007/
$10750-009-9849-y.


http://dx.doi.org/10.1590/S1519-69842008000500019
http://dx.doi.org/10.1590/S1519-69842008000500019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19197482&dopt=Abstract
http://dx.doi.org/10.1038/18339
http://dx.doi.org/10.1007/s10641-011-9814-2
http://dx.doi.org/10.1071/MF04081
http://dx.doi.org/10.1071/MF04081
http://dx.doi.org/10.1590/S1676-06032002000200012
http://dx.doi.org/10.1590/S1676-06032002000200012
http://dx.doi.org/10.1590/S1676-06032010000400002
http://dx.doi.org/10.1590/S1676-06032010000400002
http://dx.doi.org/10.1007/s10750-009-9849-y
http://dx.doi.org/10.1007/s10750-009-9849-y

Landscape effects on the occurrence of ichthyofauna in...

CASATTI, L., LANGEANI, E, SILVA, A.M. and
CASTRO, R.M. Stream fishes, water and habitat
quality in a pasture dominated basin, Southeastern
Brazil. Revista Brasileira de Biologia, 2006, 66(2B),
681-696. http://dx.doi.org/10.1590/S1519-
69842006000400012. PMid:16906300.

CASTRO, R.M.C. Evolugio da ictiofauna de riachos
sul-americanos: padrées gerais e possiveis processos
causais. In E.. CARAMASCHI, R. MAZZONI,
C.R.S.F. BIZERRIL and P.R. PERES NETO.
Ecologia de peixes de riachos: estado atual e perspectivas.
Rio de Janeiro, PPGE-UFR], 1999, pp. 139-155.

Série Oecologia Brasiliensis, vol. 7.

CETRA, M., FERREIRA, EC. and CARMASSI, A.L.
Caracterizagio das assembléias de peixes de riachos
de cabeceira na bacia do rio Cachoeira (sudeste da
Bahia). Biota Neotropica, 2005, 9(2), 108-115.

CROWDER, L.B. and COOPER, W.E. Habitat
structural complexity and the interaction between
bluegills and their prey. Ecology, 1982, 63(6), 1802-
1813. http://dx.doi.org/10.2307/1940122.

CUNHA, S.B. and GUERRA, A.].T. Geomorfologia do
Brasil. Rio de Janeiro: Bertrand, 1998, 392 p.

CUNICO, A.M., FERREIRA, E.A., AGOSTINHO,
A.A., BEAUMORD, A.C. and FERNANDES,
R. The effects of local and regional environmental
factors on the structure of fish assemblages in the
Pirapé Basin, Southern Brazil. Landscape and Urban
Planning, 2012, 105(3), 336-344. http://dx.doi.
01g/10.1016/j.landurbplan.2012.01.002.

DUDGEON, D., ARTHINGTON, A.H., GESSNER,
M.O., KAWABATA, Z., KNOWLER, D.]J.,
LEVEQUE, C., NAIMAN, R.J., PRIEUR-
RICHARD, A.H., SOTO, D., STIASSNY, M.L.
and SULLIVAN, C.A. Freshwater biodiversity:
importance, threats, status and conservation
challenges. Biological Reviews of the Cambridge
Philosophical Society, 2006, 81(2), 163-182.
heep://dx.doi.org/10.1017/51464793105006950.
PMid:16336747.

EKLOV, A.G., GREENBERG, LA, BRONMARK, C.,
LARSSON, P. and BERGLUND, O. Response of
stream fish to improved water quality: a comparison
between the 1960s and 1990s. Freshwater Biology,
1998, 40(4), 771-782. http://dx.doi.org/10.1046/
j1365-2427.1998.00370.x.

FERREIRA, C.P. and CASATTI, L. Influéncia da
estrutura do hdbitat sobre a ictiofauna de um riacho
em uma micro-bacia de pastagem. Revista Brasileira
de Zoologia, 2006a, 23(3), 642-651. http://dx.doi.
org/10.1590/50101-81752006000300006.

FERREIRA, C.P. and CASATTT, L. Integridade bidtica
de um cérrego na bacia do alto rio Parand avaliada

por meio da comunidade de peixes. Biota Neotropica,

2006b, 6(3), 1-25.

Acta Limnologica Brasiliensia, 2016, vol. 28, 2

GILINSKY, E. The role of fish predation and spatial
heterogeneity in determining benthic community
structure. Ecology, 1984, 65(2), 455-468. http://
dx.doi.org/10.2307/1941408.

GOTCEITAS, V. and COLGAN, P. Predator foraging
success and habitat complexity: quantitative test of
the threshold hypothesis. Oecologia, 1989, 80(2),
158-166. http://dx.doi.org/10.1007/BF00380145.

KARR, J.R. and SCHLOSSER, 1.J. Water resources
and the landwater interface. Science, 1978,
201(4352), 229-234. htep://dx.doi.org/10.1126/
science.201.4352.229. PMid:17778646.

KARR, J.R. Measuring biological integrity: lessons from
streams. In S. WOODLEY, J. RAY and G. FRANCIS
(eds). Ecological integrity and the management of
ecosystems. Ottawa: Saint Lucie Press, 1993, pp.
83-103.

KAUTZA, A. and SULLIVAN, S.M.P. Relative
effect of local- and landscape-scale environmental
factors on stream fish assemblages: evidence from
Idaho and Ohio, USA. Fundamental and Applied
Limnology, 2012, 180(3), 259-270. http://dx.doi.
org/10.1127/1863-9135/2012/0282.

KELSO, W.E. and RUTHERFORD, D.A. Collection,
preservation, and identification of fish eggs and
larvae. In B.R. MURPHY and D.W. WILLIS, eds.
Fisheries techniques. 2nd ed. Marysland: American
Fisheries Society, 1996, pp. 255-302.

LEVEQUE, C., OBERDORFF, T., PAUGY, D.,
STIASSNY, M.L.J. and TEDESCO, PA. Global
diversity of fish (Pisces) in freshwater. Hydrobiologia,
2008, 95(1), 545-567. http://dx.doi.org/10.1007/
§10750-007-9034-0.

LOWE-MCCONNELL, R.H. Estudos ecolégicos de
comunidades de peixes tropicais. Sao Paulo: EDUSP,
1999, 584 p.

MAGALHAES, A.LB., CASATTI, L. and VITULE,
J.R.S. Alteragbes no cddigo florestal brasileiro
favorecero espécies nio-nativas de peixes de dgua
doce. Natureza & Conservagio, 2011, 9(1), 121-124.
http://dx.doi.org/10.4322/natcon.2011.017.

MAGNUSON, J.J., CROWDER, L.B.and MEDVICK,
PA. Temperature as an ecological resource. American
Zoologist, 1979, 19(1), 331-343. http://dx.doi.
0rg/10.1093/icb/19.1.331.

METZGER, ].P. O Cédigo Florestal tem base cientifica?
Natureza & Conservagio, 2010, 8(01), 92-99. heep://
dx.doi.org/10.4322/natcon.00801017.

METZGER, J.P, RIBEIRO, M.C., CIOCHETI, G.
and TAMBOSI, L. Uso de indices de paisagens
para definicao de agoes de conservagio e restauragao
da biodiversidade do Estado de Sio Paulo. In R.R.
RODRIGUES, C.A. JOLY, M.C.W. BRITO,
A. PAESE, J.P. METZGER, L. CASATTI, M.A.
NALON, N. MENEZES, N.M. IVANAUSKA, V.
BOLZANI and V.L.R. BONONI. Diretrizes para


http://dx.doi.org/10.1590/S1519-69842006000400012
http://dx.doi.org/10.1590/S1519-69842006000400012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16906300&dopt=Abstract
http://dx.doi.org/10.2307/1940122
http://dx.doi.org/10.1016/j.landurbplan.2012.01.002
http://dx.doi.org/10.1016/j.landurbplan.2012.01.002
http://dx.doi.org/10.1017/S1464793105006950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336747&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336747&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2427.1998.00370.x
http://dx.doi.org/10.1046/j.1365-2427.1998.00370.x
http://dx.doi.org/10.1590/S0101-81752006000300006
http://dx.doi.org/10.1590/S0101-81752006000300006
http://dx.doi.org/10.2307/1941408
http://dx.doi.org/10.2307/1941408
http://dx.doi.org/10.1007/BF00380145
http://dx.doi.org/10.1126/science.201.4352.229
http://dx.doi.org/10.1126/science.201.4352.229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17778646&dopt=Abstract
http://dx.doi.org/10.1127/1863-9135/2012/0282
http://dx.doi.org/10.1127/1863-9135/2012/0282
http://dx.doi.org/10.1007/s10750-007-9034-0
http://dx.doi.org/10.1007/s10750-007-9034-0
http://dx.doi.org/10.4322/natcon.2011.017
http://dx.doi.org/10.1093/icb/19.1.331
http://dx.doi.org/10.1093/icb/19.1.331
http://dx.doi.org/10.4322/natcon.00801017
http://dx.doi.org/10.4322/natcon.00801017

Tibtrcio, G.S. et al.

conservagio e restauragio da biodiversidade no Estado
de Sdo Paulo. Sao Paulo: Governo do Estado de Sao
Paulo, 2008, pp. 120-127.

OLDEN, J.D., KENNARD, M.]J., LEPRIEUR,
E, TEDESCO, P.A., WINEMILLER, K.O.
and GARCIA-BERTHOU, E. Conservation
biogeography of freshwater fishes: recent progress and
future challenges. Diversity & Distributions, 2010,
16(3), 496-513. http://dx.doi.org/10.1111/j.1472-
4642.2010.00655 x.

PINTO, B.C.T. and ARAUJO, EG. Assessing of
biotic integrity of the fish community in a heavily
impacted segment of a tropical river in Brazil.
Brazilian Archives of Biology and Technology, 2007,
50(3), 489-502. http://dx.doi.org/10.1590/51516-
89132007000300015.

R DEVELOPMENT CORE TEAM. R: a language
and environment for statistical computing [online].
Vienna: R Foundation for Statistical Computing,
2010 [viewed 18 Sept. 2015]. Available from: htep://
www.R-project.org/

RABENI, C.E and SMALE, M.A. Effects on siltation
on stream fishes and the potential mitigating role
of the buffering riparian zone. Hydrobiologia, 1995,
303(1-3), 211-219. http://dx.doi.org/10.1007/
BF00034058.

SANTOS, EB., FERREIRA, EC. and ESTEVES, K.E.
Assessing the importance of the riparian zone for
stream fish communities in a sugarcane dominated
landscape (Piracicaba River Basin, Southeast Brazil).
Environmental Biology of Fishes, 2015. http://dx.doi.
org/10.1007/s10641-015-0406-4.

SILVA, A M., SCHULZ, H.E. and CAMARGO, PB.
Erosio e hidro;:edz’mmtologia em bacias laidmgmﬁm:.
Sao Carlos: RiMa, 2003, 140 p.

TERESA, EB. and CASATTI, L. Importancia da
vegetagdo ripdria em regido intensamente desmatada
no sudeste do Brasil: um estudo com peixes de riacho.
Pan-American Journal of Aquatic Sciences, 2010, 5(3),
444-453.

TERESA, EB., CASATTI, L. and CIANCIARUSO,
M.V. Functional differentiation between fish
assemblages from forested and deforested streams.
Neotropical Ichthyology, 2015, 13(2), 361-370. http://
dx.doi.org/10.1590/1982-0224-20130229.

TOLEDO, L.F,, CARVALHO-E-SILVA, S.P,
SANCHEZ, C., ALMEIDA, M.A. and HADDAD,

Acta Limnologica Brasiliensia, 2016, vol. 28, 2

C.EB. A revisio do Cédigo Florestal Brasileiro:
impactos negativos para a conservacio dos anfibios.
Biota Neotropica, 2010, 10(4), 35-38. http://dx.doi.
org/10.1590/51676-06032010000400003.

TUNDISI, J.G. and MATSUMURA-TUNDISI,
T.M. Impactos potenciais das alteragoes do Cédigo
Florestal nos recursos hidricos. Biota Neotropica,
2010, 10(4), 67-76. http://dx.doi.org/10.1590/
S$1676-06032010000400010.

UEZU, A., METZGER, ].P. and VIELLIARD, J.M.
Effects of structural and functional connectivity
and patch size on the abundance of seven Atlantic
Forest bird species. Biological Conservation, 2005,
123(4), 507-519. hrttp://dx.doi.org/10.1016/j.
biocon.2005.01.001.

VALENTE, R.O.A. and VETTORAZZI, C. A.
Mapeamento do uso e cobertura do solo na bacia do rio
Corumbatai, SP. Piracicaba: IPEE 2003, pp. 1-10.
Circular Técnica IPEF, vol. 196.

VIANA, V.M. and PINHEIRO, L.A.EV. Conservagio da
biodiversidade em fragmentos florestais. Série Técnica
IPEF, 1998, 12(32), 25-42.

VITOUSEK, PM., D’ANTONIO, C.M., LOOPE,
L.L., REJMANEK, M. and WESTBROOKS,
R. Introduced species: a significant component of
human-caused global change. New Zealand Journal
of Ecology, 1997, 21(1), 1-16.

VONO, V. and BARBOSA, EA.R. Habitats and littoral
zone fish community structure of two natural
lakes in southeast Brazil. Environmental Biology
of Fishes, 2001, 61(4), 371-379. http://dx.doi.
org/10.1023/A:1011628102125.

WILLIS, S.C., WINEMILLER, K.O. and LOPEZ-
FERNANDEZ, H. Habitat structural complexity
and morphological diversity of fish assemblages in a
Neotropical floodplain river. Oecologia, 2005, 142(2),
284-295. http://dx.doi.org/10.1007/s00442-004-
1723-z. PMid:15655689.

ZUUR, A., IENO, E.N., WALKER, N., SAVELIEV,
AA. and SMITH, G.M. Mixed effects models and
extensions in ecology with R. New York: Springer,
2009.. http://dx.doi.org/10.1007/978-0-387-
87458-6.

Received: 18 September 2015
Accepted: 03 May 2016


http://dx.doi.org/10.1590/S1676-06032010000400003
http://dx.doi.org/10.1590/S1676-06032010000400003
http://dx.doi.org/10.1590/S1676-06032010000400010
http://dx.doi.org/10.1590/S1676-06032010000400010
http://dx.doi.org/10.1016/j.biocon.2005.01.001
http://dx.doi.org/10.1016/j.biocon.2005.01.001
http://dx.doi.org/10.1023/A:1011628102125
http://dx.doi.org/10.1023/A:1011628102125
http://dx.doi.org/10.1007/s00442-004-1723-z
http://dx.doi.org/10.1007/s00442-004-1723-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15655689&dopt=Abstract
http://dx.doi.org/10.1007/978-0-387-87458-6
http://dx.doi.org/10.1007/978-0-387-87458-6
http://dx.doi.org/10.1111/j.1472-4642.2010.00655.x
http://dx.doi.org/10.1111/j.1472-4642.2010.00655.x
http://dx.doi.org/10.1590/S1516-89132007000300015
http://dx.doi.org/10.1590/S1516-89132007000300015
http://dx.doi.org/10.1007/BF00034058
http://dx.doi.org/10.1007/BF00034058
http://dx.doi.org/10.1590/1982-0224-20130229
http://dx.doi.org/10.1590/1982-0224-20130229

