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Abstract This study investigated the fish fauna of
a stream in southeastern Brazil that runs through
sugar cane-growing and urban areas that are subject
to sewage discharge. It aimed to determine the
importance of spatial and environmental factors on
fish distributions and to assess the use of fish as
indicators of the environmental conditions. A longi-
tudinal pattern of chemical water quality was
observed, with more disturbed conditions at the
urban sites. Several opportunistic or tolerant and
omnivorous species such as Astyanax altiparanae,
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Poecilia reticulata, and Astyanax fasciatus were
numerically abundant at these urban sites, which
resulted in a consistent increase in species density
and biomass along the stream. Redundancy analysis
extracted three axes, identifying a nutrient—produc-
tivity gradient associated with different species
composition patterns, as also detected by the
indicator species analysis. No species could be
considered a potential indicator of the agricultural
area in the dry season, whereas four different
species were judged potential indicators of three
urban sites. In order to explain species distribution,
variation in species abundance was partitioned into
spatial and environmental components. The latter
was more important, explaining 25.4% of the
variation. We concluded that the fish assemblage
of the Guamium stream is undergoing the initial
stages of disturbance, with pronounced effects at the
urbanized area, but no detectable changes at the
sugar cane sites. Therefore, fish assemblages
might be used as ecological indicators to detect
urban impacts in similar rivers. However, the
potential use of fish to diagnose stressors in areas
of sugar cane plantations should be complementary
to more comprehensive studies aimed at under-
standing the influence of this crop on freshwater
resources.
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Introduction

Human activities at the landscape scale have been
increasingly recognized as major threats to the
ecological integrity of river ecosystems, impacting
habitat, water quality and the biota via numerous and
complex pathways (Allan et al., 1997). Several
studies have shown that not only do non-point
sources from agriculture cause long-term, cumulative
harm to stream ecosystems (Richards et al., 1996;
Skinner et al., 1997), but also that increasing
urbanization, which may release toxicants and excess
nutrients, alters stream channels, increases storm-
water runoff, and accelerates channel erosion (Klein,
1979).

The effects of these chemical and physical
changes, especially organic enrichment, on biological
communities along river systems have been investi-
gated by several authors (Bartsch, 1948; Hynes,
1960; Rorig et al., 2007). These studies observed
changes in community composition and species
abundance below the point of discharge. Fish have
also been used as indicators of pollution for many
decades (Doudoroff & Warren, 1957) and were later
incorporated into ecologically based indexes that
monitor water quality using fish assemblages (Karr,
1981; Hugues & Gammon, 1987; Ganasan & Hugues,
1998), once their presence, absence, and proportion-
ate abundance may indicate changes in the physical,
chemical, or biological conditions in which they live.

The effects of urbanization on fish have been
investigated more thoroughly in temperate regions
and are generally characterized by increases in
tolerant and introduced species, decline of sensitive
species (Onorato et al., 2000; Scott & Helfman, 2001)
and decreases in diversity or fish multimetric indexes
(Klein, 1979, Steedman, 1988). Scott et al. (1986)
found that urban development resulted in a restruc-
turing of the fish community, and Pompeu & Alves
(2005) and Cunico et al. (2006) reported profound
changes in fish community structure in two different
Brazilian urban rivers. However, despite these few
studies on fish assemblage responses to urbanization,
a general response model does not exist (Paul &
Meyer, 2001), especially for the neotropical region
where relevant information is even more scarce.

At the local scale, several studies have focused
on the longitudinal variations in fish communities
(Matthews et al., 1992; Mazzoni & Lob6n-Cervia,
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2000; Petry & Schulz, 2006; Suarez & Petrere, 2006) as
well as how community structure supports the qualita-
tive aspect of the River Continuum Concept (Vannote
et al., 1980). A consistent change in community
structure from upstream to downstream areas seems to
result from changes in physical gradients, with species
richness increasing as a result of addition processes,
followed by shifts in trophic structure and sizes of
individuals (Schlosser, 1982), which are collectively
attributed to gradual increases in habitat diversity
(Gorman & Karr, 1978; Reyes-Gavilan et al., 1996)
and physical and chemical alterations of the water
(Matthews & Styron, 1981).

The influence of environmental variables in deter-
mining fish distributions in Brazilian streams has
been assessed in several studies (Abes & Agostinho,
2001; Mazzoni et al., 2006; Suarez & Petrere, 2006),
some of which also considered the effects of anthro-
pogenic perturbations (Cunico et al., 2006; Ferreira &
Casatti, 2006; Pinto et al., 2006; Aratjo & Tejerina-
Garro, 2009). Few studies, however, have attempted
to identify fish species that characterize particular
regions. This information might help to explain
distribution patterns along environmental gradients
in rivers and be useful in management and determin-
ing areas for conservation (Matthews et al., 1992).

Assessment of how anthropogenic perturbations
affect fish communities is complicated by several
factors, since local fish assemblage richness and
structure are influenced by processes occurring both
at a large scale, such as geomorphology and climate
(Hugues et al., 1987; Nelson et al., 1992), and a small
scale or local level, including land use, soil type and
natural terrain (Tejerina-Garro et al., 2005; Allan,
2004). Furthermore, interactions between the many
factors that affect spatial structuring of natural
communities make it difficult to determine the
relative contribution of each factor, as these interac-
tions often result in an overlaid effect in space
(Borcard et al., 1992).

In southeastern Brazil, the most common causes of
biodiversity loss in inland waters are large urban
areas, industry, and agriculture (Tundisi, 2003). In the
State of Sdo Paulo, urban areas account for 11.3% of
the landscape and agriculture 76.2%, with sugar cane
representing 20.1% of the planted area (Gongalves
et al., 2009). The Piracicaba River is one of the most
urbanized watersheds of the State, with the second
greatest area covered by sugar cane (34%) (Silva
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et al.,, 2007). Although the effects of this crop on
water bodies and specifically on fish fauna are very
poorly understood, there is abundant evidence that
widespread environmental degradation results from
soil erosion in sugar cane fields (Martinelli & Filoso,
2007). Moreover, sugar cane receives much more
fertilizer than pasture, with values varying from
80-100 kg nitrogen/ha (Ometto et al., 2000), which
increases the likelihood of having a high input of
applied fertilizers to streams (Filoso et al., 2003).
These fertilizers are known to contain different
concentrations of lead, nickel, chromium, cadmium
and zinc, which can affect water quality, bioassim-
ilation and bioaccumulation by the aquatic organisms
(Corbi et al., 2008).

In this study, the distribution of fish assemblages
was investigated in a stream within a rural-urban
gradient where sugar cane crops are abundant. The
objectives were to determine which sources of
variation (spatial and/or environmental) could explain
fish distributions and to determine whether different
species could be used as bioindicators to indicate
environmental conditions of rural and urban impacts.
This approach is a first step toward understanding the
influence of different land uses on fish communities in
a tropical river in southeast Brazil, which will enable
better management of rivers under similar conditions.

Study area

The Piracicaba River basin is a meso-scale watershed
(12,400 km?) located predominantly in the State of
Sdo Paulo, southeastern Brazil (Fig. 1), and is
composed of three main sub-basins (Jaguari, Atibaia,
and Piracicaba). The basin encompasses 45 munici-
palities with a population of approximately five
million inhabitants (SMA, 2007). Population and
industry are concentrated in the central part of the
basin, where most of the sewage load, both domestic
and industrial, is generated (Martinelli et al., 1999).
Recent land use studies for this basin have shown that
pasture and sugar cane dominate; the former covering
43% of the total area and the latter 34%. The urban
basin occupies 6% of the area, given the significant
number of densely populated cities located in the
central part of the basin (Silva et al., 2007). The
climatic classification of the area, according to
Koppen, is Cwah, i.e., tropical humid with summer
rains and dry winter. Average annual precipitation in

the basin is 1,400 mm, most of which falls between
October and March (Williams et al., 2001).

The Guamium stream is a tributary of the right
margin of the Piracicaba River, draining an area of
approximately 70 km” in the municipality of Pirac-
icaba. Three dams occur along the 17.9 km course,
which crosses an area of heavy sugar cane cultivation
and urban influences, especially in its final third,
where several industries, including foundries, metal
works, ceramic, steel, cardboard packing, and alcohol
production, are located. Overall, the dominant land
cover types in the basin are sugar cane (78%), exotic
forest and urban area (7%), primary forest (5%), and
pasture (3%) (Barreto et al., 2005).

Ten sites distributed along the Guamium stream
were selected for this study, with distances varying
from 2.5 to 17.9 km from the headwaters. They were
located between S 22° 33/995”, W 47° 36/206” and S
22° 41'414", W 47° 40/380" with most sites (2-10)
classified as third order and site 1 as second order
(Fig. 1). Sites 1 to 5 are situated in an area where the
dominant land cover is sugar cane crops, with some
sparse corn plantations and pasture; riparian vegeta-
tion is shrubby and the exotic Leucaena sp. prevails.
Sites 6 to 10 are within the urban area, where the
influence of industries, residences, irregular occupa-
tions, and public and domestic effluents are
frequently observed. Vegetation is present and com-
posed mainly of pasture and secondary forest.

Materials and methods
Sampling procedure

Samples of fish, water, and environmental vari-
ables of the 10 collection sites were obtained in the
dry (August—September/2005) and rainy (January—
February/2006) seasons. Fish samples were collected
using stationary electrofishing equipment (HONDA
EX 1000 generator, 120 V, 1,000 W, 60 Hz, <2.5 A,
AC). At each site, three successive catches with
constant unit of effort (CPUE) were conducted over a
stretch of 50 m. Sampled fish were fixed in formalin
and preserved in 70% alcohol, and individual fish
were measured and weighed. Identification was based
on Britski (1972) and Britski et al. (1986) and
confirmed by specialists at the Museum of Zoology of
the University of Sdo Paulo. Sampled area was
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Fig. 1 Location of the Guamium stream within the Piracicaba River basin and sampling sites along the study area. Asterisk indicates
dam in the stream
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(mg 1"') were measured with a multi-parameter
water quality monitoring system (HORIBA U-22).
Other analyzed physicochemical parameters were
5-day biological oxygen demand (BOD) (mg 17",
ammonium (N-NH,") (mg 171), orthophosphate
(PO (ng 1h, chlorophyll-a (ug 1=h, alkalinity
(mg 171, following APHA (1989), nitrate (mg 17"
(CETESB, 1978), nitrites (FEEMA, 1981), total
nitrogen (mg 17') and total phosphorus (mg 1)
(Strickland & Parsons, 1968). Measurements of
habitat structure included depth (m), water velocity
(m s"), percent tree canopy shading, trunk density
(%), proportion of pools (%) and dominant sub-
strate—categorized as sand (<3 mm), fine gravel
(=3-49 mm), coarse gravel (=50-149 mm), small
boulders (=150-300 mm), or large boulders
(>300 mm).

Data analysis

Physicochemical water parameters and biological data
on total fish biomass (kg hafl), density (ind. hafl),
Shannon-Wiener diversity (H'), Simpson’s domi-
nance (D) (Krebs, 1989) and richness (Odum, 1988)
were analyzed along the Guamium stream for both
seasons. Spearman Rank Correlation, a nonparametric
measure of association, was used to relate these
parameters at the different sampling points to their
distance from the headwaters using Bioestat 5.0
(2007). Correlations were considered significant when
P < 0.05.

To analyze species—environment relationships, a
DCA was first used to decide between a linear or a
unimodal species response, which resulted in the
choice of a redundancy analysis (RDA). RDA is a
canonical ordination technique that extends principal
components analysis to explain variations in attri-
butes using a matrix of environmental variables while
preserving the Euclidean distance among the objects
(Legendre & Legendre, 1998). For this analysis, fish
abundance was transformed into Hellinger distance
(Legendre & Gallagher, 2001) and environmental
data into log. In each analysis, step-wise forward
selection was used to reduce the environmental
variables to those most correlated with the axes
(Ter Braak, 1987). A cutoff point of P = 0.05 was
used to incorporate variables into the final models.
The statistical significance of axes derived by each

analysis was tested with a Monte Carlo permutation
test (Hope, 1968).

In order to understand the effects of the environ-
mental variables and the spatial structure on fish
distribution, a method which partitions the variation of
species abundance data into independent components
was used (Borcard et al., 1992). It considers the idea
that some species and environmental variables may
share a common spatial structuring, and is based on
pre-existing methods of canonical ordination [RDA
(van den Wollenberg, 1977) and CCA (ter Braak,
1986)] and the software CANOCO. Total variation in
species is then explained as (a) the nonspatial
environmental variation in the species data, (b) the
spatial structuring in the species data that is shared by
the environmental data, (c) the spatial patterns in the
species data that are not shared by the environmental
data, and (d) unexplained variation and stochastic
fluctuations (Borcard et al., 1992). The variable used to
describe the spatial component was the distance in
kilometers of each site from the headwaters. All
analyses were performed in CANOCO version 4.5.

An indicator species analysis (Dufréne & Legendre,
1997) and a Monte Carlo test with 1,000 permuta-
tions were run on PcOrd 4.0 (McCune & Mefford,
1999), to verify non-random species distribution in
the sampled sites for the dry and rainy seasons. This
method combines information on the concentration of
species abundance in a particular group and the
fidelity of occurrence of a species in a particular
group. The indicator values range from zero (no
indication) to 100 (perfect indication). Species with
probability of type I error <5% were considered as
potential indicators.

Results
Major habitat characteristics

The physical and chemical features of the sampling
sites are presented in Table 1 and Fig. 2. Major
physical characteristics that differed among the
longitudinal axis were related to dominant land
cover, as the upper section of the river (sites 1-5)
was surrounded by sugar cane and patches of
corn cultures and the lower sites (6—-10) fell within
the range of urban influences. Riparian vegetation,
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substrate, current speed, and point source pollution
also varied along the river, with sand and fine gravel
occurring at the upper sections and coarse gravel and
large boulders at the urban sites, where sewage entry
was commonly observed.

Differences in physicochemical and biological
parameters between the two seasons were well
defined for most sites, with higher values observed
in the dry season for all parameters, with the
exceptions of temperature and turbidity. The latter
was the only parameter that was negatively correlated
with the distance from the headwaters, especially in
the rainy season. All other parameters were indicative
of increasing eutrophication along the river, with
significant positive Spearman correlations found with
distance for pH, total dissolved solids, conductivity,
alkalinity, nitrite, nitrate, total nitrogen, ammonium,
total phosphorus, total suspended solids, orthophos-
phate, chlorophyll-a, and biological oxygen demand
during the rainy season.

Fish assemblages and environmental
characteristics

In the Guamium stream, 2,731 individuals of 38 fish
taxa were captured. Eight species were found exclu-
sively during the dry season: Serrasalmus maculatus Kner,
1858, Leporinus octofasciatus (Steindachner, 1915),
Hypostomus sp.2, Hypostomus sp.3, Hypostomus

sp.4, Astyanax bockmanni Vari & Castro, 2007,
Astyanax sp.1 and Astyanax sp.2. Species that occurred
exclusively in the rainy season were Oreochromis
niloticus Linnaeus, 1758, Hyphessobrycon eques
(Steindachner, 1882), Leporinus obtusidens (Valenci-
ennes, 1836) and Moenkhausia intermedia (Eigenmann,
1908).

The four most abundant species, which contributed
74.37% of the total density in the ichthyocenosis,
were predominantly omnivorous and tolerant species
(sensu Karr, 1981), including Astyanax altiparanae
Garutti & Britski, 2000, Poecilia reticulata Peters,
1859, Astyanax fasciatus (Cuvier, 1819) and Geoph-
agus brasiliensis (Quoy & Gaimard, 1824) (Table 2,
Table 3). These species contributed 65.3% of the
total fish biomass, with A. altiparanae presenting the
highest values (44.4%), followed by G. brasiliensis
(14.0%). Astyanax altiparanae and P. reticulata,
although present at all sites, showed well-differenti-
ated density patterns along the longitudinal gradient,
with a marked increase at site 10 (Table 3).

Species richness, Shannon diversity, and Simpson’s
dominance did not present a marked longitudinal
pattern, though total density and biomass showed
positive correlations with distance (Fig. 3). This
pattern was also observed for the most abundant
species A. altiparanae and P. reticulata, especially
during the rainy season (p = 0.7256; P = 0.0175 and
p = 0.7781; P = 0.0080, respectively).

Table 1 General characteristics of the ten sampling sites of Guamium stream, averaged for the rainy and dry seasons

Sites 1 2 3 4 5 6 7 8 9 10
Width (m) 3.90 4.57 4.59 4.59 4.93 5.31 429  4.50 4.27 5.28
Depth (m) 0.55 0.78 0.57 0.64 0.95 0.65 0.60 046 0.36 0.38
Current speed (m s~ ") 0.29 0.40 0.53 0.40 0.42 0.46 072 0.71 0.77 0.72
Discharge (m® s™") 0.57 1.41 1.24 1.16 2.00 1.66 1.52 1.19 0.77 1.33
Canopy cover (%) 10 90 95 60 40 95 45 88 70 8
Pools (%) 30 40 15 10 35 0 5 13 10 20
Riffles (%) 0 10 70 10 30 60 68 55 65 55
Trunk density (%) 1 5 5 1 3 4 1 2 3 80
Predominant substrate S S/FG S/FG/SB S S/SB S/SB LB CG/SB SB/LB CG/SB
Dominant land cover SC/C SC SC SC SC U U U U U
Riparian vegetation P/SC/C  SC/Sh  Sh/E Sh/P SC/P  SF SF SF SF P
Punctual pollution sources  — - - + - - + + + +

Dams -

*

*

SC sugarcane, C corn, U urban, P pasture, Sh shrubs, E Eucalyptus, SF secondary forest, S sand, FG fine gravel, CG coarse gravel,
SB small boulders, LB large boulders, — absence, + presence, * upstream
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Table 2 Classification of sampled species according to attributes related to reproduction, trophic group (O omnivores, / insectivores,
C carnivores, DA detritivore-algivore), position in the water column (N nektonic, B benthonic, S close to the surface) and tolerance
(T tolerant, IN intolerant)

Common name Order/family/species Species code K strategists® Trophic level® Position® Tolerance®
Characiformes
Characidae

Lambari Astyanax altiparanae Asal (0] N T

Lambari Astyanax bockmanni Asbo (6] N IN

Lambari Astyanax fasciatus Asfa O N T

Lambari Astyanax sp.1 Asspl O N IN

Lambari Astyanax sp.2 Assp2 (0] N IN

Lambari Astyanax sp.3 Assp3 O N IN

Lambari Bryconamericus sp. Brsp O N T

Mato-Grosso Hyphessobrycon eques Hyeq | B T

Viuvinha Moenkhausia intermedia Moin I N IN

Piranha Serrasalmus maculatus Sema C N IN

Pequira Serrapinus notomelas Seno O N T
Crenuchidae

Charutinho Characidium zebra Chze 1 B T
Curimatidae

Saguiru Steindachnerina insculpta Stin X D B T
Anostomidae

Piapara Leporinus obtusidens Leob (6] N IN

Ferreirinha Leporinus octofasciatus Leoc O N IN
Erythrinidae

Traira Hoplias malabaricus Homa X C N T
Parodontidae

Canivete Apareiodon affinis Apaf DA B T

Canivete Parodon nasus Pana DA B T
Siluriformes
Loricariidae

Cascudo Hypostomus ancistroides Hyan X DA B T

Cascudo Hypostomus regani Hyre X DA B T

Cascudo Hypostomus sp.1 Hyspl X DA B T

Cascudo Hypostomus sp.2 Hysp2 X DA B T

Cascudo Hypostomus sp.3 Hysp3 X DA B T

Cascudo Hypostomus sp.4 Hysp4 X DA B T
Callichthyidae

Tamboata Callichthys callichthys Caca X O B T

Coridora Corydoras aeneus Coae B T
Heptapteridae

Bagrinho Imparfinis sp. Imsp X 1 B IN

Mandizinho Pimelodella sp.1 Pispl I B IN

Mandizinho Pimelodella sp.2 Pisp2 | B T

Jundia Rhamdia quelen Rhqu X C B T
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Table 2 continued

Common name Order/family/species Species code K strategists® Trophic level® Position® Tolerance?
Gymnotiformes
Gymnotidae

Tuvira Gymnotus carapo Gyca X C N T

Tuvira Gymnotus sp. Gysp X C N T
Synbranchiformes
Synbranchidae

Mugum Synbranchus marmoratus Syma X O B T
Perciformes
Cichlidae

Cara Geophagus brasiliensis Gebr X O B T

Tilapia Oreochromis niloticus Orni X DA N T

Tilapia Tilapia rendalli Tire X DA N T
Cyprinodontiformes
Poeciliidae

Guard Phalloceros spp. Phspp O S IN

Lebiste Poecilia reticulata Pore O S T

Taxonomic position according to Reis et al. (2003)

# Based on Winemiller (1989), Bozzetti & Schulz (2004), Braga (2004), Piana et al. (2006)

® Castro & Casatti (1997), Vazzoler et al. (1997), Alkins-Koo (2000), Bozzetti & Schulz (2004), previous knowledge

¢ Bozzetti & Schulz (2004), Casatti et al. (2009), personal observations

4 Species considered as intolerant when distribution was restricted to high water quality sites, Graham (1985), Bozzetti & Schulz

(2004)

Redundancy analysis (RDA) of the species data with
step-wise forward selection reduced the environmental
dataset to three variables. The ordination produced three
significant axes with eigenvalues of 0.104, 0.084 and
0.067. The sum of all canonical eigenvalues was 0.254.
The species-environment correlations for the three
axes were 0.917, 0.876, and 0.868, with the first axis
concentrating 40.7% of the variation, the second axis
33% and the third axis 26.3%.

The first RDA identified a gradient primarily
associated with changes in nutrient levels, separating
the upper (sugar cane) and lower (urban) sites (7, 8, 9,
and 10) (Fig. 4). Species that had negative scores and
were associated with higher eutrophication included
some exclusive species such as Apareiodon affinis
(Steindachner, 1915), H. eques, Parodon nasus
(Kner, 1959), and O. niloticus, among others.
Callichthys callichthys (Linnaeus, 1758) and Phal-
loceros spp. had positive scores and were associated
with site 1, which showed lower nutrient levels.

Variables correlated with the second RDA axis
described a seasonality gradient related to depth and

turbidity, which separated the rainy and dry
seasons. Hypostomus ancistroides (Ihering, 1911)
and P. reticulata were associated with the deeper
sites 4, 5, and 6 during the rainy season, while
A. fasciatus and Imparfinis sp. correlated with
shallower sites 1 and 3 during the dry season.

The amount of variation in the species matrix
explained by each step in the variation-partitioning
process revealed that the overall amount of explained
variation (in percentage of the total variation of the
species matrix) was 31.8%. The entire variation of
the species matrix was further explained by (a)
environmental variables (25.4% of the variation), of
which only about one-tenth of this amount (2.6%)
was due to spatial variation; (b) pure spatial variation
(not shared by the environmental variables) (6.4% of
the total variation); and (c) unexplained variation
(68.2%).

According to the calculated indicator values (IV)
(Table 4), no species could be considered as potential
indicators for the agricultural area in the dry season,
whereas the characiform Parodon nasus and the
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Table 3 Relative abundance of fish species along Guamium River considering grouped data for the dry and rainy seasons

Species/Sites 1 2 3 4 5 6 7 8 9 10 Abundance % Biomass (g) %

Astyanax altiparanae 1 2 2 9 3 1 2 2 6 73 1,120 41.01 10,390 44.45
Poecilia reticulata 2 2 10 1 11 9 o4 490 17.94 102 0.44
Astyanax fasciatus 11 5 7 15 4 2 11 4 38 2 229 839 1,500 6.42
Geophagus brasiliensis 11 4 8 8 33 8 7 14 192 7.03 3,274 14.01
Gymnotus carapo 30 2 2 2 5 6 19 33 123 4.50 287 1.23
Characidium zebra 1 4 5 73 8 77 2.82 312 1.33
Serrapinnus notomelas 19 81 58 2.12 81 0.35
Hypostomus sp.1 2 4 2 22 2 16 53 51 1.87 388 1.66
Apareiodon affinis 4 6 47 1.72 448 1.92
Pimelodella sp.2 2 18 18 7 56 45 1.65 309 1.32
Hypostomus ancistroides 5 2 16 16 16 12 14 16 2 43 1.57 1,658 7.09
Rhamdia quelen 3 5 13 38 35 8 40 146 1,516 6.49
Parodon nasus 21 18 52 9 33 1.21 463 1.98
Tilapia rendalli 56 32 12 25 0.92 27 0.12
Corydoras aeneus 43 17 9 30 23 0.84 80 0.34
Imparfinis sp. 68 32 19 0.70 46 0.20
Pimelodella sp.1 19 19 13 50 16 0.59 58 0.25
Astyanax sp.3 7 93 14 0.51 1 0.00
Gymnotus sp. 25 33 42 12 0.44 287 1.23
Hoplias malabaricus 63 25 13 8 0.29 321 1.37
Hypostomus regani 13 1 38 25 13 8 0.29 197 0.84
Bryconamericus sp. 14 86 7 0.26 16 0.07
Hypostomus sp.3 14 86 7 0.26 173 0.74
Phalloceros spp. 71 14 14 7 0.26 2 0.01
Hypostomus sp.4 83 17 6 0.22 627 2.68
Leporinus octofasciatus 60 40 5 0.18 96 0.41
Oreochromis niloticus 100 4 0.15 50 0.21
Callichthys callichthys 100 3 0.11 35 0.15
Hypostomus sp.2 33 67 3 0.11 117 0.50
Steindachnerina insculpta 33 33 33 3 0.11 53 0.23
Astyanax bockmanni 50 50 2 0.07 0.01
Astyanax sp.1 100 2 0.07 0.03
Astyanax sp.2 50 50 2 0.07 0.03
Hyphessobrycon eques 100 2 0.07 0.00
Synbranchus marmoratus 50 2 0.07 30 0.13
Leporinus obtusidens 100 1 0.04 410 1.75
Moenkhausia intermedia 100 1 0.04 1 0.00
Serrasalmus maculatus 100 1 0.04 1 0.00

Values represent % of individuals of each species in relation to the total number of individual for that particular species

siluriform Rhamdia quelen (Quoi & Gaimard, 1824)
were indicators of three urban sites (7, 8, and 9). In
the rainy season, three species were defined as
potential indicators for the urban sites (7, 8, and 9):
A. altiparanae, R. quelen and Hypostomus regani

@ Springer

(Ihering, 1905). The gymnotiform Gymnotus sp. and
cyprinodontiform Phalloceros spp. were associated
with sites 1 and 6, located in the agricultural and
urban areas, respectively. Site 10, which formed a
single group, could not be included in the analysis,
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Fig. 3 Longitudinal variation in fish richness, diversity, Spearman’s correlations (P < 0.05). Filled circles rainy

density, biomass, and dominance for the dry and rainy seasons
along the Guamium stream, indicating significant results of

but exclusively accommodated three species: the
exotic O. niloticus and the small-sized A. affinis and
H. eques. Taxa that had high positive or negative
scores on the first RDA axis can also be used as
diagnostic indicators of the gradients, confirming the
results obtained with the Indicator Species Analysis.

Discussion

Regional problems of water quality in the Piracicaba
River Basin have been mainly caused by raw sewage

season, open circles dry season, rs rainy season, ds dry season

and industrial waste and, to a lesser extent, by sugar
cane burning and leaching of fertilizers (Williams
et al., 2001). These activities result in increases in
dissolved organic and inorganic carbon and conduc-
tivity (Daniel et al., 2002). The Guamium stream can
be considered moderately impacted, given that stud-
ies conducted in other streams and rivers of this basin
showed that conductivity values in the most impacted
rivers reached 590 puS cm™! (Daniel et al., 2002). A
marked seasonality has also been noted, resulting in
higher nutrient, conductivity, and total suspended
solids in the dry season. In the Guamium stream,
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Fig. 4 Biplots of the first
and second RDA axes for
the fish communities of the
Guamium stream. Grey
vector lines indicate the
relationship of the
significant environmental
variables to the ordination
axis; the line’s length is
proportional to its relative
significance. Filled circles
rainy season, open circles
dry season. Nitr nitrite, De
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most of the physicochemical parameters were in
accordance with the guidelines proposed by the
Brazilian regulatory arm of the Ministry of Environ-
ment (CONAMA, Resolution no. 357, 2005) for
aquatic life preservation but ammonium and total
phosphorus were above the established values, indi-
cating increasing eutrophication at the final urban
stretches.

Although limnological characteristics of rivers are
strongly determined by physiographic aspects such as
altitude, geology, and vegetation, some studies con-
ducted in Brazilian rivers report that organic effluents
strongly influence the chemical characteristics of
these waters (Camargo et al., 1996; Rorig et al.,
2007). Spatial variability in water quality has been
documented mainly for urbanized (Cunico et al.,
2006; Rorig et al., 2007) and physically degraded
streams (Casatti et al., 2006), with little information
available regarding streams in agricultural areas,
especially sugar cane (Smeets et al., 2006).

Despite the moderate pollution levels of the
Guamium stream, 38 fish species belonging to 13
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1.0
Axis 1

families were reported, similar to a study conducted in
preserved rivers of the same basin, where 35 species
were identified (Cetra & Petrere, 2006). However,
dominant species differed, as the Guamium stream fish
fauna was predominantly composed of the tolerant
and omnivorous A. altiparanae, P. reticulata, and
A. fasciatus, which have been associated with altered
environmental characteristics such as high organic
loads (Schulz & Martins, 2001; Cunico et al., 2006).
The contributions of land use changes to loss of
aquatic species and degradation of stream quality
have been well documented (Booth & Jackson, 1997,
Bledsoe & Watson, 2001), with individuals of many
species responding directly to the amount of sus-
pended silt, turbidity, dissolved oxygen, and canopy
cover (Karr, 1981; Scott & Hall, 1997). However,
some studies show that changes in fish assemblages
do not occur immediately following anthropogenic
impacts, but may take many years, with gradual
replacement of species (Fitzgerald et al., 1998).
Low diversity and high abundance of few species
have been associated with degraded southeastern



Hydrobiologia (2010) 641:97-114

109

Table 4 Indicator values of fish species (IV) (% of perfect
indication) of ten sites of Guamium stream and Monte Carlo
test of significance of observed maximum indicator value

Species Dry season Wet season
v P Sites v P Sites

Asal 416 025 - 49.0 0.01* 7,8,9 (U)
Asfa 39.1 055 - 521 006 -

Gebr 379 072 - 425 030 -

Chze 716 006 - 356 055 -

Gyca 422 062 - 50.1 036 -

Pore 576 0.16 - 51.6 026 -

Pisp2 56.1 0.14 - 333 057 -

Pana 929 0.02*
Rhqu 722 0.02*

,8,9@U) 333 057 -
,8,9(@U) 100 0.01*% 7,8,9(U)

~N 3

Imsp 66.7 0.14 - 500 022 -

Coae 18.1 095 - 253 0.68 -

Pispl 571 0.11 - 250 1.00 -

Hyan 38.1 051 - 392 077 -

Gysp 50.0 027 - 100  0.02* 1,6 (AU)
Homa 500 027 - - - -

Hyspl 147 1.00 - 28,5 070 -

Hysp3 263 050 - - - -

Hysp4 258 055 - 250 1.00 -

Seno 250 1.00 - - - -

Apaf 66.7 0.13 - + - 10 (U)
Leoc 209 051 - - - -

Phspp 242 052 - 100 0.02* 1,6 (A,U)
Hsp2 226 050 - - - -

Asbo 19.0 079 - - - -

Asspl 250 1.00 - - - -

Assp2  19.0 0.81 - - - -

Assp3 250 1.00 - 250 1.00 -

Hyre 19.0 079 - 100 0.01* 78,9 (U)
Stin 66.7 0.13 - - - -

Brsp 333 059 - 333 056 -

Caca 333 060 - 50.0 022 -

Sema 250 1.00 - - - -

Syma 333 059 - - - -

Tire - - - 500 027 -

Leob - - - 250 1.00 -

Moin - - - 250 1.00 -

Orni - - - + - 10 (U)
Hyeq - - - + - 10 (U)

For species codes see Table 3
A agricultural area, U urban area
* Indicator species

+ Exclusive species of site 10, not included in the analysis
because they formed a single group

Brazilian urban streams, where P. reticulata,
H. ancistroides, and R. quelen seem to be numeri-
cally dominant (Cunico et al., 2006). This condition
was only partially replicated in the Guamium stream,
leading us to propose that, although fish assemblage
changes were not evident, the dominance of a few
opportunistic and small-bodied species such as P.
reticulata suggests that water quality alterations and/
or physical habitat degradation are disturbing the
community. In fact, exogenous disturbance of a
community often favors opportunistic species with
small bodies and shorter lifespans, which become
numerically dominant (Clarke & Warvwick, 1994).
According to the River Continuum Concept (RCC)
(Vannote et al., 1980), a gradual increase in species
richness is expected along longitudinal gradients in
Iotic systems, associated with temporal changes in
resource availability, channel morphology, and flow
regime. In tropical streams, addition of species is
usually related to an increase in physical and
structural complexity of the environment (Casatti,
2005; Braga & Andrade, 2005) as a result of
increased habitat diversity and stability (Horwitz,
1978). Zonation patterns of fish assemblages can also
be explained by several factors, including microhab-
itat suitability (Matthews, 1986), physiographic char-
acteristics (Gorman & Karr, 1978), and biotic
interactions (Gilliam et al., 1993). However, accord-
ing to Naiman et al. (1988), the RCC is more difficult
to apply to river systems where natural zones are well
defined or that have endured anthropogenic impacts.
In the Guamium stream, the most evident pattern
of fish community changes manifested as an increase
in total fish biomass and density from upstream to
downstream, with less evident changes in richness
and diversity, possibly indicating a disruption of the
usual pattern of fish addition. The dominance of
A. altiparanae and P. reticulata at the final urban
sites, which exhibited higher eutrophication, confirms
the high adaptability of these species to the more
deteriorated conditions, as also shown for temperate
rivers, where the abundance of tolerant taxa increases
with increasing urbanization (Onorato et al., 2000).
Despite a similar pattern of richness during the dry
season, species addition at the terminal stretches
occurred during the rainy season, probably due to the
movement of species from the Piracicaba River to the
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mouth of the Guamium stream combined with better
water quality conditions at this time of year. In
addition, several species, including Hypostomus sp.1,
Bryconamericus sp., H. eques, and H. malabaricus,
were not recorded at site 10 when water quality was
more critical (dry season), possibly indicating the
effects of more concentrated sewage in this season on
fish fauna composition. In polluted streams, it has
been suggested that environmental stresses simplify
diverse ecosystems by reducing the number of
species present (Odum, 1969). In some cases, how-
ever, an increase in richness may occur due to the
presence of exotic species, which may be able to
persist at sites where native species could not
(Kennard et al., 2005).

Considering that gradients of anthropogenic land
use are frequently superimposed on underlying
gradients of natural factors such as geology, soil
type, topography, etc. (Allan, 2004), community
changes were analyzed both in relation to changes
in water quality and spatial structure, partitioning the
variation of species abundance. As the fraction
explained by pure spatial variation was low, most
of the longitudinal changes in the species matrix
could be attributed to the changes in water quality.
However, the amount of unexplained variation was
high (68.2%), which means that other underlying
factors could not be identified from the available data.
Other biotic or abiotic regulatory variables may have
been missed because they require more complex
functions to be described, a situation shown for other
communities by Borcard et al. (1992). We did not
quantify other substances typically found in urban
sewage effluents, including metals, phenols, drugs
and carcinogenic compounds (Helawell, 1989), nor
agrochemicals heavily used during the production of
sugar cane that can potentially be harmful to the
environment (Smeets et al., 2006), nor minor physical
habitat changes.

The RDA-based assessment of the relationships
between fish assemblages and environmental vari-
ables indicated that the most important ecological
gradient in the Guamium stream was a productivity-
nutrient gradient, which defined species associated
with the upper agricultural and lower urban zones, as
also shown by the indicator species analysis.
Although the occurrence of indicator species, such
as P. caudimaculatus, in the upper and medium-lower
sites of the Guamium stream has been related to the
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presence of filamentous algae in deforested segments
(Abes & Agostinho, 2001), it seems that in this study,
this species was instead associated with sites of better
water quality, as indicated by the RDA. Gymnotus
species have been found close to marginal banks of
vegetation and shallow silted streams (Ferreira &
Casatti, 2000), tolerating broad variations in environ-
mental conditions such as pH, temperature, oxygen,
and conductivity (de Resende, 2006). As demonstrated
in other studies (Casatti et al., 2006), microhabitat
characteristics of site 1 such as the presence of grasses
and lower oxygen levels due to shallow conditions
may favor the presence of Gymmnotus. Indicator
species of the urbanized sites were predominantly
bottom dwellers, with the exception of A. altiparanae.
Parodon nasus and H. regani are known to be
periphyton scrapers, which show preference for stony
substrates where algae and bryophytes are abundant
(Shibatta et al., 2007). The latter species has been
found in the disturbed Pardo River, where it is one of
the few fish that survived after the establishment of the
great sugar mills (Favaretto et al., 1981). At the sites
where P. nasus and H. regani occurred, the substrate
was composed of coarse gravel and large boulders,
indicating that it was an important component deter-
mining the presence of these species, where algal
productivity was probably favored by the increased
nutrient levels.

Although the indicator species analysis showed
which species were closely related to each habitat, the
results cannot be attributed solely to the anthropo-
genic impacts, as ecological indicators at the popu-
lation or community levels are not tightly coupled to
the primary biological effects of stressors (Jenkins &
Sanders, 1992). In fact, as stated by Niemi &
McDonald (2004), communities and populations
respond to many other factors, some of which are
not necessarily stress related.

Considering that sugar cane plantations produce
various wastes that pollute freshwater streams (Smeets
et al., 2006), our results showed that the sites within
the agricultural areas where sugar cane fields were
dominant supported biologically diverse fish commu-
nities, with relatively little disturbance. This observa-
tion can possibly be explained by the presence of
riparian forest on several sites, which may have helped
to buffer landscape disturbances on the stream and
determined long-term patterns of colonization, repro-
duction and survival of fish, as shown by other studies
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(Hupp, 1982; Pusey & Arthington, 2003). However,
the effects of the urbanized area were more pro-
nounced, suggesting that the fish communities were
experiencing the initial stages of disturbance, like
other similar rivers subjected to high organic loads
(Cunico et al., 2006).

Our findings are also consistent with other studies
which indicated that urbanization has disproportion-
ately large effects on biota compared with agriculture
(Paul & Meyer, 2001) and that agriculture has little
influence on habitat quality in watersheds where it
occupies less than 50% of the total area (Wang et al.,
1997). Although some studies have shown the
contribution of sugar cane to tropical streams,
particularly to larger predatory fish (Bunn et al,
1997), the processes by which this crop causes habitat
and water composition changes need to be better
understood. This information, coupled with the use of
ecological indicators, might serve as an important
tool to assess the condition of the environment (e.g.,
as an early-warning system) or to diagnose the cause
of environmental changes.
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