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Abstract This study investigates whether (1) struc-
tural configuration (considering substrate composi-
tion, wood debris, marginal and riparian vegetation)
of streams suggests habitat simplification on a basin
scale and (2) fish assemblage structure follows stream
habitat configurations. Ninety-five sites in two pas-
ture basins in southeastern Brazil were randomly
selected. Two passes of electro-fishing were done in a
75-m reach at each site. Ten habitat descriptors
related to in-stream and riparian physical structures
were evaluated at each stream reach. Two groups of
streams were identified by principal component
analysis: a grassy and a non-grassy group. In
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comparison to non-grassy sites, grass-dominated
streams exhibited a more homogenous fish fauna
due to lower species diversity and higher dominance,
especially by the guppy Poecilia reticulata, a highly
generalist exotic species. The grassy group had not
only the most simplified habitat but also the most
simplified fish fauna, and the combination of grass-
dominated, completely deforested, heavily silted
conditions with recent land use conversion may
cause a future habitat homogenization followed by a
fish fauna homogenization on a regional scale.
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Introduction

The importance of in-stream habitat complexity as a
determinant of lotic fish diversity was pioneered in the
studies of temperate and tropical systems (e.g., Gorman
& Karr, 1978; Schlosser, 1982; Angermeier & Karr,
1983, 1984), and such relevance has been continuously
reported in several regions (e.g., Meffe & Sheldon,
1988; Pusey et al., 1993; Reyes-Gavilan et al., 1996;
Martin-Smith, 1998; Gerhard et al., 2004; Mendonca
et al., 2005). Habitat complexity influences movements
of prey and predators through hazardous sites (Gilliam
& Fraser, 2001) with higher fish vagility in areas where
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habitat heterogeneity is low, such as channelized and
lowland streams (Gorman, 1986). Indeed, reduced
habitat complexity may create an environment less
favorable for large-sized juveniles and reinforce
negative impacts of degradation of stream habitats,
as Finstad et al. (2007) observed for salmonid
populations.

Interaction among substrate, woody debris, and
marginal grasses often increases in-stream habitat
complexity and creates a combination of microhabitats
usually explored by fish species with different needs
(e.g., Gorman & Karr, 1978; Angermeier & Karr,
1984; Collier et al., 1999; Biihrnheim & Cox-Fernan-
des, 2003; Growns et al., 2003; Torgersen & Close,
2004; Schneider & Winemiller, 2008). Removal of
riparian vegetation represents one of the several
mechanisms that can alter the quantity and quality of
these elements, resulting in grass proliferation,
increased sedimentation, and depleted woody debris
(Pusey & Arthington, 2003; King & Warbuton, 2007
and references therein), which leads to a less complex
in-stream habitat.

In-stream and riparian habitat alterations may
influence several aspects of fish biology at local,
regional, and global scales. At global, inter-basin,
basin, and local scales, modification of habitats with
elimination of biogeographic filters has contributed to
the increasing local homogenization of the global
freshwater fauna (Rahel, 2007). At reach and basin
scales, for example, biomass of periphyton feeders in
open canopy sites was shown to be higher in
comparison to forested sites (Burcham, 1988; Esteves
et al., 2008); in contrast, banks that have been cleared
of trees and shrubs and become revegetated with
grasses support fish assemblages with larger compo-
nents of small fish, mostly microphagic carnivores
and omnivores, when compared with banks covered
with trees, which exhibited great number of herbi-
vores (Growns et al., 2003). After environmental
changes, biotic interaction among native species
decreases, reducing their populations, and increases
the vulnerability of their assemblages to invasion by
non-native species (Baltz & Moyle, 1993) which are
often tolerant and may become dominant in streams
with degraded habitat and poor water quality (Paul &
Meyer, 2001).

Brazil is notable for its high potential of natural
renewable water resources, freshwater seafood pro-
duction, and quantity of freshwater fish species,
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which represents more than 50% of the total regis-
tered for South America (Earthtrends, 2009). How-
ever, such potential and richness has been threatened
due to years of pollution and eutrophication, silting,
impounding and flood control, fisheries, and species
introductions (Agostinho et al., 2005). An interesting
example of such impairment is the northwestern
region of S3o Paulo (Casatti et al., 2006) in which
over 77% of the original forests were replaced by
pasture, characterizing this area as the most degraded
of the State, where only 4% of the original vegetation
remains (SMA/IF, 2005). Using two pasture river
basins of this region as models, we made the
prediction that, in critically logged basins with high
susceptibility to erosive processes, low-order streams
must exhibit high resemblance regarding physical
structure and fish fauna. Specifically, in this study our
purpose was to answer the following questions: does
structural configuration (considering substrate com-
position, wood debris, marginal and riparian vegeta-
tion) of streams suggest habitat simplification on a
basin scale? Does fish assemblage structure follow
stream habitat configurations?

Materials and methods
Study area and site selection

The study area is located in the northwestern portion
of Sdo Paulo State, in southeastern Brazil (Fig. 1),
and belongs to the Serra Geral geological formation,
composed of basaltic and sedimentary rocks of the
Cauia and Bauru groups. The sandy Botucatu and
Piramboéia formations (Sdo Bento group) are the
aquifers of the region (IPT, 2000). According to the
slope classification, the region is flat or smoothly
rolling (Silva et al., 2007a), basins are highly
susceptible to erosive processes, and pasture is the
dominant land-cover class in general (occurring in
78.1% of the area) as well as in the 30 m riparian
buffer (Silva et al., 2007b). The climate is hot
tropical (Nimer, 1989), with average annual rainfall
about 1,250 mm (Silva et al., 2007a). The rainy
season lasts from October to March (January and
February are the wettest months, with 54% of the
annual rainfall) and the dry season from April to
September; the maximum mean temperature (31°C)
occurs in January and the minimum average (13°C)
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Fig. 1 Location of the study area with the 95 sites in the
northwestern region of the Sdo Paulo State, Brazil. Open
squares refer to sites in the Rio Sdo José dos Dourados basin

occurs in July (IPT, 2000). Human population density
is about 61-84 inhabitants/km? (Silva et al., 2007a).

Sites for sampling were selected from 1:50,000
topographic maps in the Sdo José dos Dourados and
Turvo-Grande watersheds, excluding urbanized
areas. The number of sites was approximately
proportional to the total length in kilometer for
first-, second-, and third-order reaches (Roth et al.,
1999). One site was randomly selected for each
100 km of a length order; to account for landowner
refusals or unsampleable conditions, extra sites were
selected as backups, following Kasyak (2001). After
ensuring that the chosen sites could be effectively
sampled, a 75-m stream reach was selected to include
all available mesohabitats (pools, riffles, and runs)
(Kasyak, 2001). Ninety-five reaches (Fig. 1, Appen-
dix—see Supplementary material), comprising 56 of
first order, 29 of second, and 10 of third, were
sampled. For logistical reasons, each stream reach
was sampled once during the dry seasons from 2003
to 2005 to reduce seasonal effected differences to a
minimum (2003: sites 1-35; 2004: sites 36-56; 2005:
sites 57-95).

Habitat evaluation and fish sampling

Ten habitat descriptors related to in-stream and
riparian physical structures were estimated visually
in broad categories at each stream reach as follows:
proportions of bottom occupied by (1) clay, (2) sand,
(3) gravel, (4) rock, (5) boulder, and (6) bedrock;
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(sampled in 2003), triangles and circles to Rio Turvo-Grande
basin (triangles sampled in 2004 and circles in 2005)

proportion of internal habitat occupied by (7) woody
debris; proportion of banks occupied by (8) marginal
grasses (mostly weed Brachiaria spp. banks prolif-
erated from pasture); proportion of (9) trees, and (10)
shrubs across a riparian stripe of 10 m width.

Fishing effort was standardized across all collect-
ing sites with each stream reach blocked at both
up- and downstream by 5-mm-mesh stop nets and then
submitted to two electric fishing passes for a total of
40-50 min. Electro-fishing equipment consists of a
stationary generator of alternating current (220 V,
50-60 Hz, 3.4-4.1 A, 1,000 W), as detailed by Castro
et al. (2003). Captured specimens were fixed in 10%
formalin solution and, after 48 h, transferred to a 70%
EtOH solution. Fishes were identified to species and
counted. All specimens were deposited at the fish
collection of the Departamento de Zoologia e Bota-
nica da Universidade Estadual Paulista (DZSJRP),
S3do José do Rio Preto, Sao Paulo, Brazil.

Analysis

In order to investigate the habitat simplification
hypothesis, a principal component analysis (PCA)
was performed by using a covariance matrix with the
values of 10 habitat descriptors of the 95 sites,
employing software PC-Ord version 4 (McCune &
Mefford, 1999). In order to decide which components
(axes) would be retained for interpretation, broken-
stick eigenvalues were compared to actual eigen-
values for each axes; all axis with eigenvalues greater
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than the broken-stick eigenvalues were selected for
interpretation (McCune & Mefford, 1999). Following
a similar approach to MacRae & Jackson (2001),
standard deviation of site scores for axis 1 and 2
produced by PCA was calculated to assess if, within
predefined stream groups, habitat could be considered
more or less simplified.

The rarefaction method (Simberloff, 1972) in the
software Biodiversity Pro (McAleece et al. 1997) was
used to compare species richness of the groups.
Species diversity in each stream reach was evaluated
by the Shannon—Wiener index with base 10 logarithm
and dominance by the Simpson index (Magurran,
2004). Univariate comparisons of species diversity
and dominance between stream groups were further
investigated using 7-test for independent samples
(0.05 of significance level). After using the Bray-
Curtis similarity index based on presence/absence in
the Primer software (Clarke & Gorley, 2006) to
produce a similarity matrix for each predefined
stream group, the average similarity of fish faunas
was calculated to assess the ichthyofaunistic simpli-
fication within each stream group.

Results

From the PCA, only axis 1 demonstrated an eigen-
value (154,168) greater than the broken-stick value
(74,977), being retained for interpretation. The
positive loadings were calculated for grass and sand,

and the negative loadings for remaining descriptors,
which defined two groups of streams (Table 1,
Fig. 2): a grassy and a non-grassy group. After
removing sites 3, 4, and 66, which were not closed
assigned to any group, 47 streams were included in
the grassy group and 45 streams in the non-grassy
group. The standard deviation of PCA site scores for
the grassy group (axis 1 = 11.62, axis 2 = 7.39) was
lower than for the non-grassy (axis 1 = 17.96, axis
2 = 19.08), indicating a more simplified habitat
within the grassy group.

In these 92 sites, 15,627 fish belonging to 64
species, distributed in 19 families and six orders
(Table 2), were registered. Of these, 49 species and
9,989 specimens were associated with the grassy
group and 56 species and 5,638 specimens with the
non-grassy group. Rarefaction curves confirmed the
highest species richness in the non-grassy group
(Fig. 3). Poecilia reticulata, Astyanax altiparanae,
Knodus moenkhausii, and Aspidoras fuscoguttatus
were the most representative species in the overall
abundance. Eight species were present in more than
50% of the sampled reaches (A. altiparanae, Oligo-
sarcus pintoi, Hoplias malabaricus, A. fuscoguttatus,
Hypostomus ancistroides, Rhamdia quelen, Gymno-
tus carapo, and P. reticulata). The non-grassy group
encompassed 67% of the overall rare species richness
(n = 21), that is, rare species having <10 specimens,
against 52% registered in the grassy group. Among
rare species, Planaltina britskii, Apareiodon piraci-
cabae, Cetopsorhamdia iheringi, Phenacorhamdia

Table 1 Mean (4 standard deviation) values and loadings derived from principal component analysis for 10 habitat descriptors

evaluated in the grassy and non-grassy stream groups

Descriptors Grassy Non-grassy Loadings axis 1 Loadings axis 2
Proportions of bottom occupied by:
Clay 1.3 +£32 3.0£5.6 —0.140 —-0415
Sand 97.7 £ 6.9 853 £ 13.7 0.288 0.420
Gravel 04+£29 6.4 +£82 —0.082 —0.002
Rock 05+ 26 33£59 —0.040 0.001
Boulder 05+138 —0.006 0.002
Bedrock 0.1 +0.7 1.6 £5.7 —0.020 —0.006
Proportion of internal habitat occupied by woody debris 09 £4.1 122 £ 16.2 —0.226 —0.315
Proportion of banks occupied by marginal grasses 66.5 £ 12.4 0.7+£23 0.786 —0.556
Proportion of shrubs across riparian stripes 4.7 £ 112 28.1 £21.5 —0.370 —0.135
Proportion of trees across riparian stripes 0.1 £0.7 14.1 £ 232 —0.288 —0.475
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tenebrosa, and Pseudopimelodus pulcher occurred in
reaches where P. reticulata was represented by no
more than two individuals.

The T-test for ecological descriptors revealed that,
in comparison to non-grassy sites, grassy sites had
lower diversity (P = 0.026) and higher dominance
(P = 0.017), attributed to the guppy P. reticulata,
which contributed to 31.98% of the total abundance
in the grassy group and 11.33% in the non-grassy
(Table 2). Average Bray—Curtis similarity calculated
on presence/absence data was 45% in the grassy
group and 37% in the non-grassy group, indicating
that grassy sites have more simplified fish faunas than
non-grassy sites.

Discussion

Two stream groups were determined, representing, on
a macro scale, the stream types prevalent in the
studied region. Considering the pasture predomi-
nance, it is not surprising that almost half of the
randomly selected streams belonged to the grassy

-60 4

-100 4

group. This particular kind of stream physiognomy is
characterized by extensive proliferation of Poaceae
grasses (mostly Brachiaria spp.) on the stream banks.
Despite serving to stabilize stream banks in the
absence of riparian vegetation, exacerbated prolifer-
ation of grasses might lead to a suite of changes in
habitat structure, water quality, food web structure,
flow diversity into the channel, and in the fish
assemblages (Pusey & Arthington, 2003 and refer-
ences therein). Thus, an intermediate condition of
grass proliferation, rather than as homogenous
growths across the channel, would contribute to
providing structural complexity to stream habitat
(Collier et al., 1999) but, when dominant, may have
negative consequences for the aquatic biota (Pusey &
Arthington, 2003).

Streams classified in the non-grassy group, in
contrast, exhibited a reasonable substrate diversifica-
tion, as indicated by habitat descriptors values and
PCA scores. In fact, this group was closely assigned
to more complex riparian conditions (presence of
wood debris, trees, and shrubs), reinforcing the
linkage between in-stream and riparian habitats. In
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Table 2 Species code and relative abundance (calculated on the total fish abundance after removing sites 3, 4, and 66) within grassy
(%G) and non-grassy (%NG) groups of the 64 fish species collected along 92 streams stretches in two pasture basins from Brazil

Orders and families Species and authors Species code %G 9%NG
Characiformes
Parodontidae Apareiodon piracicabae (Eigenmann, 1907) Apapir - 0.11
Parodon nasus Kner, 1858 Parnas 0.57 2.34
Curimatidae Cyphocharax modestus (Fernandez-Yépez, 1948) Cypmod 0.11 0.02
Cyphocharax vanderi (Britski, 1980) Cypvan 0.44 0.71
Steindachnerina insculpta (Fernandez-Yépez, 1948) Steins 0.06 0.60
Prochilodontidae Prochilodus lineatus (Valenciennes, 1836) Prolin 0.05 -
Anostomidae Leporinus friderici (Bloch, 1794) Lepfri - 0.21
Leporinus lacustris Campos, 1945 Leplac - 0.02
Leporinus paranensis Garavello & Britski, 1987 Leppar 0.01 -
Leporinus striatus Kner, 1858 Lepstr - 0.14
Crenuchidae Characidium gomesi Travassos, 1956 Chagom 0.01 0.02
Characidium aff. lagosantense Travassos, 1947 Chalag 0.14 -
Characidium zebra Eigenmann, 1909 Chazeb 0.61 3.30
Characidae Astyanax altiparanae Garutti & Britski, 2000 Astalt 11.10 38.31
Astyanax bockmanni Vari & Castro, 2007 Astboc - 0.04
Astyanax fasciatus (Cuvier, 1819) Astfas 1.13 3.53
Astyanax paranae Eigenmann, 1914 Astpar 0.08 1.54
Bryconamericus stramineus Eigenmann, 1908 Brystr - 0.23
Hemigrammus marginatus Ellis, 1911 Hemmar 1.38 0.73
Hyphessobrycon anisitsi (Eigenmann, 1907) Hypani 0.01 -
Hyphessobrycon eques (Steindachner, 1882) Hypequ - 0.07
Knodus moenkhausii (Eigenmann & Kennedy, 1903) Knomoe 12.85 7.72
Moenkhausia sanctaefilomenae (Steindachner, 1907) Moesan 0.27 0.25
Oligosarcus pintoi Campos, 1945 Oligpin 2.38 2.86
Piabina argentea Reinhardt, 1867 Piaarg 2.73 3.37
Planaltina britskii Menezes, Weitzman & Burns, 2003 Plabri 0.06 0.05
Serrasalmus maculatus Kner, 1858 Sermac - 0.02
Serrasalmus marginatus Valenciennes, 1837 Sermar - 0.02
Serrapinnus heterodon (Eigenmann, 1915) Serhet - 0.57
Serrapinnus notomelas (Eigenmann, 1915) Sernot 5.58 1.40
Acestrorhynchidae Acestrorhynchus lacustris (Liitken, 1875) Acelac - 0.04
Erythrinidae Erythrinus erythrinus (Bloch & Schneider, 1801) Eryery 0.02 -
Hoplias malabaricus (Bloch, 1794) Hopmal 0.50 0.48
Lebiasinidae Pyrrhulina australis Eigenmann & Kennedy, 1903 Pyraus 1.05 0.14
Siluriformes
Callichthyidae Aspidoras fuscoguttatus Nijssen & Isbriicker, 1976 Aspfus 8.66 5.73
Corydoras aeneus (Gill, 1858) Coraen 2.28 0.59
Callichthys callichthys (Linnaeus, 1758) Calcal 0.20 0.02
Hoplosternum littorale (Hancock, 1828) Hoplit - 0.04
Lepthoplosternum pectorale (Boulenger, 1895) Leppec 0.02 -
Loricariidae Hisonotus francirochai (Ihering, 1928) Hisfra 0.27 0.21
Hypostomus ancistroides (Ihering, 1911) Hypanc 2.47 3.64
Hypostomus sp. Hypsp 0.04 2.50
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Table 2 continued
Orders and families Species and authors Species code %G %NG
Pseudopimelodidae Pseudopimelodus pulcher (Boulenger, 1887) Psepul - 0.11
Heptapteridae Cetopsorhamdia iheringi Schubart & Gomes, 1959 Cetihe 0.03 0.04
Imparfinis mirini Haseman, 1911 Impmir 0.42 0.23
Imparfinis schubarti (Gomes, 1956) Impsch 0.36 1.54
Phenacorhamdia tenebrosa (Schubart, 1964) Pheten 0.01 -
Pimelodella avanhandavae Eigenmann, 1917 Pimava 0.03 0.32
Rhamdia quelen (Quoy & Gaimard, 1824) Rhaque 1.02 1.12
Gymnotiformes
Gymnotidae Gymnotus carapo Linnaeus, 1758 Gymcar 3.81 1.10
Gymnotus inaequilabiatus (Valenciennes, 1839) Gymine 0.01 0.02
Sternopygidae Eigenmannia virescens (Valenciennes, 1842) Eigvir 0.12 0.02
Cyprinodontiformes
Rivulidae Rivulus pictus Costa, 1989 Rivpic 0.06 0.09
Poeciliidae Pamphorichthys hollandi (Henn, 1916) Pamhol - 0.64
Phalloceros harpagos Lucinda, 2008 Phahar 0.62 0.20
Poecilia reticulata Peters, 1859* Poeret 31.98 11.33
Synbranchiformes
Synbranchidae Synbranchus marmoratus Bloch, 1795 Synmar 0.06 -
Perciformes
Cichlidae Cichlasoma paranaense Kullander, 1983 Cicpar 1.10 0.37
Crenicichla britskii Kullander, 1982 Crebri 0.84 0.41
Geophagus brasiliensis (Quoy & Gaimard, 1824) Geobra 2.18 0.30
Laetacara aff. dorsigera (Heckel, 1840) Laedor 1.91 0.12
Oreochromis niloticus (Linnaeus, 1758)* Orenil 0.05 0.04
Satanoperca pappaterra (Heckel, 1840) Satpap 0.28 0.34
Tilapia rendalli (Boulenger, 1897)* Tilren - 0.14

The classification follows Buckup et al. (2007)
* Exotic species (definition according to Cambray, 2003)
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Fig. 3 Rarefaction curves based on abundance of fish fauna
from grassy and non-grassy stream groups

the studied region, as has occurred worldwide,
riparian clearing is critical and a land-cover study
using satellite scenes from 1996 and 1997 showed
only 25% of riparian buffer zone preservation (Silva
et al., 2007a). The low number of reaches associated
with wood debris and trees reflects this critical
situation. Despite some level of physical habitat
diversification, which indicates that stream habitats
are not completely simplified at basin scale, the fact
that more than half of the streams are grass-
dominated, completed logged, heavily silted, and
bottom-simplified deserves attention. In accordance
with Bunn et al. (1997), we do not advocate elimi-
nating grasses, or other invasive vegetation, from
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stream reaches because, as stated by those authors, it
may mobilize vast quantities of sediment currently
trapped among vegetation roots, and this will increase
silting downstream. Re-establishment of the riparian
canopy is of particular importance because it repre-
sents the most cost-effective source of a long-term
control of invasive plants on the stream channel
(Bunn et al., 1997), also buffering sediment inputs
and improving in-stream habitat quality for aquatic
biota.

Grassy reaches have more simplified fish faunas
than non-grassy, a feature mainly attributed to the
dominance of the exotic guppy P. reticulata. Guppies
are small live-bearing fish native to Venezuela,
Barbados, Trinidad, Northern Brazil, and the Guy-
anas (Welcomme, 1988). Through accidental or
deliberate release, mostly for mosquito control, this
species has successfully colonized at least 54 coun-
tries worldwide (FAQO, 2009). Individuals are able to
survive—and even to become dominant—in condi-
tions of abrupt temperature changes (Chung, 2001),
poor habitat quality (Casatti et al., 2006), and
hypoxia (Kramer & Mehegan, 1981; Welcomme,
1988). In fact, guppies’ dominance is indicative of
possible anthropogenic environmental impacts (Ken-
nard et al., 2005; Cunico et al., 2006). A closer
relationship between guppies and grasses was already
mentioned by Pusey & Arthington (2003) and may
represent a case of “invasional meltdown,” charac-
terized by Simberloff (2006) as a community-level
phenomenon in which a non-indigenous species
facilitates another’s invasion, increasing its likeli-
hood of survival and/or magnitude of impact. Native
riparian forest replacement by pasture sometimes
contributes to the establishment of non-native grass
stands at open-canopy banks, which represents a
shallow and warm microhabitat, difficult to access for
predators, and widely used by guppies.

Influences of guppies on studied fish fauna were
not evaluated at all, though the occurrence of rare
species mostly in the non-grassy group (for example,
A. piracicabae, Hypostomus sp., and P. pulcher) and
the occurrence of some rare species in reaches with
few P. reticulata specimens seem to mirror the fact
that invading fishes in altered habitats are often
associated with indirect changes in species composi-
tion and local extinction of native species. For
example, altered abiotic conditions allowed non-
native fishes to establish in California streams, and
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these new species henceforth eliminated native ones
through competition or predation (Baltz & Moyle,
1993). In certain abiotic conditions or even at high
human disturbance levels, exotic species presumably
have a high potential to become successful invaders,
regardless of the biota already present (Moyle &
Light, 1996).

Although some species have broad distribution
across the studied sites, fish assemblages were quite
different between stream groups. Higher species
diversity in the non-grassy group reflects a clear
relationship between substrate diversity and more
microhabitats mediating the coexistence of distinct
species, especially bottom dwellers. A direct rela-
tionship between substrate diversity and fish diversity
was reported in Indiana and Panama streams, being
considered an important predictor of riffle-guild
diversity (Gorman & Karr, 1978). In addition,
streams with hard substrates presumably can harbor
fish communities having more trophic modes. For
instance, 1. schubarti, C. zebra, Hypostomus sp., and
P. nasus are all bottom-dwelling species associated
with hard substrates (Casatti & Castro, 1998; Casatti
et al., 2005); the first one is a grubber which
excavates while moving (sensu Sazima, 1986) and
consumes mostly aquatic insects; the second one is a
sit-and-wait predator that ambushes its prey by
staying motionless and dashing at it from close
quarters (sensu Sazima, 1986); and the two last ones
are grazers (sensu Keenleyside, 1979) that feed on
rock-attached periphyton (Casatti & Castro, 1998;
Casatti et al., 2005). Thus, elimination of hard
substrates may result in low representativeness of
species with similar feeding behaviur.

The higher species dominance in the grassy group
must mirror the in-stream habitat simplification, lead-
ing to an environment in which only a few species are
favored, and presumably with little diversity of trophic
modes. In fact, the dominant species (K. moenkhausii,
A. altiparanae, A. fuscoguttatus, and P. reticulata) in
this set of streams are opportunistic omnivores with a
tendency to insectivory which do not depend at all on
diversified and hard bottom substrates (Ceneviva-
Bastos & Casatti, 2007; pers. obs.). These findings are
in accordance with Pereira et al. (2007), who studied
the trophic structure of the ichthyofauna associated
with riverine sandbanks and reported a simplified
habitat, with little shelter and food available, and
predominance of feeding generalist species. Indeed,
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the frequency and types of feeding interactions
between species may follow habitat simplification.
For example, an increase of interactions between
nuclear and followers species could be expected in
silted environments, as demonstrated in the case of the
nuclear A. fuscoguttatus, whose individuals dig in the
soft bottoms during feeding, promoting a cloud of
suspended particles which are caught by the followers
K. moenkhausii, P. reticulata, and A. altiparanae
(Teresa & Carvalho, 2008).

The grassy group has not only the most simplified
habitat but also the most simplified fish fauna—in
accordance with the higher average Bray—Curtis
similarity—which would suggest a condition of hab-
itat homogenization followed by faunal homogeniza-
tion. The presumed local consequence of extensive
habitat homogenization is the widespread colonization
of streams by P. reticulata, thus characterizing a type
of biotic homogenization that conforms to the scenario
1 proposed by Rahel (2002), in which the invasive
colonization of an exotic species may increase the
similarity among sites.

The catchments of the studied area have been
extensively used for pasture over the last decades,
showing high levels of deforestation with intense use
of the riparian zones (Silva et al., 2007a). Since 2005,
however, livestock farmers have been progressively
replacing pasture with sugar cane crops aiming to
provide ethanol as an alternative to fossil fuels
(Novaes, 2007), with strong expectations of an
invasive input of this vegetation across riparian zones
(see Silva et al., 2007a). We have little knowledge
about the effects of such changes on the regional
aquatic biota (but see Corbi & Trivinho-Strixino,
2008; Corbi et al., 2008); however, considering some
studies conducted in other productive sugar cane
areas of the world (Bunn et al., 1997; Fanning &
Bohl, 2002; Kishimba et al., 2004), the scenarios are
unpleasant.

In conclusion, in comparison to non-grassy sites,
grass-dominated streams exhibited a more homoge-
nous fish fauna due to lower species diversity and
higher dominance, especially by the guppy, a highly
generalist exotic species. Indeed, it is presumed that,
on a regional scale, the combination of grass-
dominated, completely deforested, heavily silted
conditions with recent land use conversion may
produce a future habitat homogenization followed by
a fish fauna homogenization.
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