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Spatial and seasonal patterns in fish assemblage in Corrego Rico,

upper Parana River basin

Erico L. H Takahashi'!, Fabricio R. T. Rosa?, Francisco Langeani**
and Laura S. O. Nakaghi**

The upper Parana River basin drains areas of intensive industry and agriculture, suffering negative impacts. The Corrego Rico flows
through sugar cane fields and receives urban wastewater. The aim of this work is to describe and to compare the fish assemblage
structure in Corrego Rico. Six standardized bimonthly samples were collected between August 2008 and June 2009 in seven different
stretches of Corrego Rico. Fishes were collected with an experimental seine and sieves, euthanized, fixed in formalin and preserved
in ethanol for counting and identification. Data were recorded for water parameters, instream habitat and riparian features within each
stretch. Non-metric multidimensional scaling, species richness and diversity analysis were performed to examine spatial and seasonal
variation in assemblage structure. Fish assemblage structure was correlated with instream habitat and water parameters. The fish
assemblage was divided in three groups: upper, middle and lower reaches. High values of richness and diversity were observed in
the upper and lower stretches due to connectivity with a small lake and Mogi Guagu River, respectively. Middle stretches showed
low values of richness and diversity suggesting that a small dam in the middle stretch negatively impacts the fish assemblage.
Seasonal differences in fish assemblage structure were observed only in the lower stretches.

A bacia do alto rio Parana drena areas caracterizadas pela agricultura e industrializa¢@o intensiva, sofrendo varios impactos
negativos. O Corrego Rico ¢ um tributario da bacia do alto rio Parana que atravessa areas de cultivo de cana-de-agucar e recebe
esgoto doméstico. O objetivo do presente trabalho é descrever e comparar a estrutura da assembleia de peixes no Corrego Rico.
Foram realizadas amostragens padronizadas bimestrais, entre agosto de 2008 e junho de 2009, em sete trechos do rio com
diferentes condigdes ambientais. Foram utilizadas redes de arrasto e peneiras. Os peixes coletados foram fixados, identificados,
listados e quantificados. Caracterizagdo ambiental e da qualidade da dgua foram realizadas nos trechos amostrados. Foram
utilizados analise multivariada, estimadores de riqueza e diversidade para analisar os dados. A estrutura da assembleia de peixes
foi relacionada com estrutura do leito do rio e pelas caracteristicas fisicas e quimicas da 4gua. A assembleia de peixes foi dividida
em trés grupos: trecho superior, médio e inferior. Altos valores de riqueza e diversidade foram observados nos trechos superior
e inferior devido a conectividade com um pequeno lago e o rio Mogi Guagu, respectivamente. Baixos valores de riqueza e
diversidade foram observados nos trechos médios, sugerindo que uma barragem entre estes trechos causa impacto na assembleia
de peixes do Corrego Rico. Diferencgas sazonais na estrutura da assembleia de peixes foram observadas somente no trecho
inferior.
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Introduction environmental factors (Angermeier & Schlosser, 1989;

Penczak et al., 1994; Winemiller et al., 2000; Abes &

Fish assemblage structure in rivers has been shown to be ~ Agostinho, 2001; Walters et al., 2003; Casatti et al., 2006b) ,
influenced by biogeography and historical factors (Ribeiro, and biotic interactions such as predation and competition
2000), variability in hydrology (Poff & Allan, 1995; Tayloret  (Taylor, 1997; Taylor & Warren, 2001). Another important
al., 2006; Valerio et al., 2007), physicochemical and factor determining fish distributions is human impact. Rivers
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throughout the world have experienced massive changes
ranging from reduced fish population abundance and aquatic
biodiversity to habitat fragmentation and exotic species
invasion (Pringle et al., 2000).

In Brazil, the regulation of flow by dams has modified the
structure and function of the upper Parana River and
negatively impacted the fish fauna (Agostinho ef al., 2003).
The upper Parana River basin covers 32% of Brazil’s territory,
and contains most of the country’s industry and vast regions
of intense agriculture (Agostinho ef al., 2007). The Corrego
Rico is a stream within the upper Parana River that flows
through areas dominated by sugar cane culture. The stream
supplies water and receives waste from several cities. This
study addresses two main questions: 1- Are there spatial and
seasonal differences in fish species composition in Corrego
Rico stream? 2-What are the relationships between fish
assemblage structure and environmental variables?

Material and Methods

Study area. Corrego Rico is a sixth-order stream located at
northern Sdo Paulo State, Brazil (Fig. 1). The stream flows
through five municipalities over a distance of approximately
60 km until discharging into the Mogi Guagu River. In the
upper portion, the stream receives treated sewage from Monte
Alto city (population ca. 45,000). In the middle and lower
course, the stream supply water for the city of Jaboticabal
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(population ca. 70,000) and receives its treated sewage
effluent. The region climate is hot and humid during summer
and cool during winter. The average temperature of the hottest
month (February) is 25.4°C and for the coldest month (July) is
20.1°C. Mean annual precipitation in region varies from 11 to
17 cm, with the rains concentrated between October and
March. The dry season is from April to September. The original
vegetation was tropical evergreen forest, but currently sugar
cane is the predominant vegetation (Borges et al., 2003).

Sampling protocol. Six bimonthly standardized samples were
collected between August 2008 and June 2009 in seven
different stretches of Corrego Rico (Fig. 1; Table 1). These
stretches were chosen according to their accessibility by road,
position along the river (upper, middle, and lower stretches)
and possible anthropogenic influence. About 100 meters
upstream from first sample stretch, S1, Corrego Rico flows
through a low area characterized as a small lake, with emerged
and submerged macrophytes, low depth (less than 2.0 meters),
high water transparency, large amount of unconsolidated
substrate, and very low flow velocity (E. L. H. T., pers. obs.).
Stretch S1 (21°18°37.4”S 48°27°39.1”W) is a fourth-order
stretch upstream from the discharge of treated sewage from
Monte Alto municipality. Stretch S2 (21°18°43.8”S
48°26°54.1”W) is a fifth-order segment downstream of the
discharge of treated sewage from Monte Alto city. Stretch S3
(21°18°45,8”S 48°19°30.6”W) is a fifth-order stretch located
upstream the Jabotical municipality water supply dam station,
and stretch S4 (21°18°36.4”S 48°19°19.7”°W) is a sixth-order

a b : Sao Paulo State
S St River stretch located 0.7 km downstream from S3. Stretch S5
(21°17°56.4”S 48°15°58.0”W) is upstream from a small village.
Stretch S6 (21°15756.17°S 48°14°12.2”W) is upstream from the
confluence with a stream that receives treated sewage from
sssssess Main Rivers A
o Paulo State borders )\ )
Table 1. Stretch order (Horton, 1945; Strahler, 1957), distance
from spring and visual habitat estimation (USEPA, 1997) for
C Mogi Guag . . , .
River the sampling stretches in Corrego Rico.
7 Stretches SI S22 S3 S4 S5 S6 §7
. Order 4° 5° 5° 6°  6° 6°  6°
! Distance from
é = the spring (km) 11.1 12.5 29.3 30.0 41.0 50.0 57.0
o Stream
% ‘ (B ) - shading (%) 20 70 90 40 30 10 30
” [-0%ee6 Rico Y Pool 20 20 30 10 30 10 10
" \ Habitats (%)  Riffle 30 20 50 60 00 40 40
Run 50 60 20 30 70 50 50
Silt 50 50 20 10 70 70 20
5km /3.1 miles Sand 3520 10 10 30 20 15
Gravel 10 20 05 20 - 10 05
0,
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from a figure by L. A. Amaral - unpublished) with the samples Pavement 05 05 05
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Jaboticabal municipality. Stretch S7 (21°13°59.5”S
48°10°45.4”W) is located above the confluence with the stream
that receives treated sewage from Jaboticabal municipality,
and about 2.0 km upstream from the confluence with the Mogi
Guagu River. Stretch S1 is 584 m above sea level, and S7 is 503
m above sea level.

Fishes were sampled with a rectangular seine net (with 2.5
x 1.0 meters, 2 mm mesh) and two rectangular sieves nets
(with 0.7 x 0.4 meters and deep 0.3 meters, 2 mm mesh). The
sampling effort was 40 minutes in a segment of 100 meters
within each stretch. In the field, fishes were euthanized on ice
and immediately fixed in formalin 10%. After 72 hours, fish
were washed in water and preserved in 70% ethanol for
counting and identification. Voucher specimens are deposited
in Coleg@o de Peixes do Departamento de Zoologia (DZSJRP)
IBILCE/ UNESP, Sdo José do Rio Preto, SP.

Visual percentage estimation of canopy covers shading,
type and quantity of habitat (riffle, run, pool), substrate (silt,
sand, gravel, cobbles, boulders, and bedrock) stream side cover
(trees, bushes, tall grass, bare soil, and pavement structure)
were performed according USEPA (1997) in each stretch (Table
2). To estimate stream discharge at each survey site, channel
width and depth were measured and water velocity was
estimated using the float method in three transects (USEPA,
1997). Electronic sensors measured dissolved oxygen (Yellow
Spring Instruments 550A), temperature, conductivity and pH
(Yellow Spring Instruments 63). In the laboratory total
phosphorus, ammonia, nitrite and nitrate concentrations were
measured according to methods described in Eaton ez al. (1998).

Data analysis. The fish abundance matrix was analyzed with
non-metric multidimensional scaling (NMDS) with the software
PC-ORD 5.21 (McCune & Mefford, 2006). To perform the analysis
the dataset was divided into dry (June, August, and October)
and rainy (December, February, and April) seasons according
rainfall and average temperature data (CIIAGRO). In the rainy
season, monthly accumulated rainfalls were between 70.8 and
278.0 cm, and average monthly temperatures were between 23.6
and 25.2°C. In the dry season, monthly accumulated rainfall values
were between 24.2 and 51.9 cm, and average monthly temperatures
were between 20.1 and 25.0°C. Abundance data were transformed
[Log,,(X+1)], Bray-Curtis dissimilarity was used as measure of
distance, and species with less than 10 individuals collected
were excluded from the analysis. The rarefaction method and
Shannon’s index (Magurran, 1988) were used to estimate species
richness and diversity, respectively, in each stretch. Differences
among stretch’s diversity were compared with Student’s #-test.
The analysis were performed in the Past software (Hammer et
al.,2001).

The environmental variables matrix also was analyzed with
NMDS (Sousa et al., 2008). Euclidian distance was used as
measure of distance. A second analysis was performed with
the dataset divided into dry (June, August, and October) and
rainy (December, February, and April) seasons. An analysis
of variance (ANOVA) was performed with the variables with
highest correlation with the axis of NMDS. The a posteriori
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Tukey test was performed to compare mean values of variables
between stretches.

Axes from NMDS analysis of fish abundances were
correlated (Pearson correlation) with environmental data to
identify variables most strongly corresponding to among-
stretches differences in fish assemblages.

Results

In the multivariate analysis for physical and chemical
features, the first axis explained 94.0 % of variance and the
second 5.90 % (total=100 %), with stress of 0.397 (Fig. 2a).
The NMDS grouped samples from stretches S3, S4, S5 and
S6. S1 samples plotted together in a different region of the
two-dimensional space. Samples from stretch S2 tended to
plot near those from S7. Except for S2, the NMDS graphs did
not show seasonal differences between stream stretches.
Variables with highest correlation with the first axis were
ammonia concentration (r=-0.99, r’=98.8%), total phosphorus
concentration (r=-0.86, r’=74.6%) and nitrite concentration
(r=-0.79, 1’=63.1%). The variables with highest correlations
with the second axis were nitrate (r=0.83, r’=70.24%), width
(r=61.9, r’=38.0%) and dissolved oxygen (r=-0.59 r’=34.8%).

When the samples were grouped and environmental
values averaged according to dry and rainy seasons, the first
NMDS axis explained 92.0 % of variance and the second axis
explained 8.0 % (total=100 %), with stress of 0.003 (Fig. 2b). In
both cases (Fig. 2a and 2b) the general pattern was similar.
The variables with highest correlation with the first axis were
ammonia concentration (r=-0.97, r’=94.2%)), total phosphorus
(r=-0.88, 1>=77.8%) and specific conductivity (r=-0.81,
’=72.5%), whereas in the second axis were ammonia
concentration (r=-0.82, 1’=74.3%), nitrite (r=-0.85, 1’=63.1%)
and total phosphorus concentration (r=-0.79, ’=62.7%).

The ANOVA for the variables having highest correlations
with NMDS axes 1 and 2 showed that stretches S2 and S7
had significantly different values for nitrite and ammonia
concentration compared to all other stretches (Table 2).
Conductivity and total phosphorus were greatest in stretch
S2, which differed significantly from the others stretches.
Dissolved oxygen was the same in stretches S1 and S2, and
these stretches were significantly different from stretches
S3, S4, S5 and S6. Stretch S7 was significantly different only
from S1.

A total of 6,094 fishes representing 58 species were
collected (Table 3). Thirty-three species were Characiformes
(56.9%), 18 Siluriformes (31.0%), three Perciformes (Cichlidae),
two Gymnotiformes, one Synbranchiformes, and one
Cyprinodontiformes. The most abundant species were small
tetras, such as Piabina argentea (N=1512, 19.79%),
Bryconamericus stramineus (N=937, 15.37%), Astyanax
fasciatus (N=605, 9.93%) and ‘Cheirodon’ stenodon (N=412,
6.76%). Piabina argentea was most abundant in stretches
S1, S5 and S6, Bryconamericus stramineus in stretches S3
and S4, Poecilia reticulata in stretch S2 and the mailed catfish
Hypostomus nigromaculatus in stretch S7 (Table 3).
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Fig. 2. Non-metric multidimensional scaling (NMDS) ordination of environmental variables data from Corrego Rico stretches.
a) All samples (stretches - S1 to S7; month and year of sample - mmyy): b) Samples divided in rainy (R) and dry (D) seasons

(stretches - S1 to S7).

The multivariate analysis based on fish abundance data
revealed several pronounced patterns. The first NMDS axis
explained 44.8 % of variance and the second 46.9 % (total=91.7
%), with stress of 8.66 (Fig. 3). The NMDS analysis grouped the
two upper stretches (S1, S2), and within this group dry and rainy
seasons of S1 and S2 positioned close together. In the group
formed by middle stretches (S3, S4 and S5) rainy and dry seasons
were not cluster together in relation to each stretch . The lower
stretches (S6, S7) were not grouped with the other stretches.
During the dry season, S6 was similar to stretches S3, S4 and S5,
but in the rainy season S6 was not similar to any other samples.

Upper and lower stretches showed different diversity from
middle stretches, mainly during rainy season, and were plotted
in the bottom part of the NMDS graph. The upper stretch, S1,
showed similar diversity between the seasons and with S2 in
rainy season. In dry season, S2 was similar with middle
stretches S4 and S5 (Table 4). During the rainy season, the

lower stretches, S6 and S7, showed different diversity between
them and from all others stretches, in rainy and dry season.
But in dry season, S6 and S7 were similar between them and
with the upper stretches, S1 and S2 in dry and rainy season.
The highest values for richness were in the lower stretches
(S6, S7). The middle stretches, S3 and S4, in rainy season,
showed lower diversity than dry season. And S3, S4, and S5,
in rainy season, showed the lowest diversity. The lowest
richness was observed in stretches S3 and S4 (Table 4).

The fish species with highest correlations with the first axis
were Serrapinnus heterodon (r=-0.73, r*=53.7%), present only
in stretches S4, S6 and S7, P. argentea (r=0.70, 1=49.3%) and
Geophagus brasiliensis (1=0.68, r°=46.4%). Piabina and
Geophagus were particularly abundant in stretch S1. The fish
species with highest correlations with the second axis were
‘Cheirodon’ stenodon (r=-0.89, 1>=80.6%), which was abundant
in stretch S1, Paravandellia oxyptera (r=0.75, 1*=57.5%),

Table 2. Mean, standard deviation, F and p values of analysis of variance (ANOVA) from environmental variables highest
correlated with NMDS ordination among seven stretches of Corrego Rico (S1 to S7). Different superscript letters indicate

significant difference among stretches.

Variables S1 S2 S3 S5 S6 S7 F p
Nitrite 2,39 33,40° 6,81° 5,21° 3,32° 5,24 46,58° 11.81 <0.001
(ug/L) +1,98 42377 +5,74 +4,06 +2,80 +1,24 +22.16 ’ ’

Ammonia 31,48° 908,13  27,95° 30,77° 26,28" 33,06°  507,45° 23,29 <0.001
(ug/L) 2270  +462,39  +18,00 +7,71 +21,97  +19,07  +125,88 ’ ’

Total phosphorus 2,29 35,61° 6,58" 6,45 4,63 3,74 11,48° 10,56 0,001
(ug/L) +0,56 +21,76 +2,37 +4.25 +3,84 +1,42 +4.71 ’ ’

Conductivity 93,05°  155,18°  88,08° 83,22° 67,83° 69,07 78,53° 2550 0,001
(uS/cm) +4.07 +31,98 +7,62 +10,84 +£537 +9,96 +11,35 ’ ’

Dissolved O, 62,17° 69,43 92,75° 94,15° 94,83° 95,03° 84,32 6.96 <0.001
(%) £12,41  +10,01 +8,26 +8,68 49,26 +6,95 +10,42 > ’
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Table 3. Abundance of fishes collected in each stretch and in dry (D) and rainy (R) seasons in Cérrego Rico, Sdo Paulo State,
Brazil. The four most abundant species are indicated with superscript numbers after the species name.

Order
Family Vouchers Stretch Total
Species (DZSJRP) S1 S2 S3 S4 S5 S6 S7 D R Total

CHARACIFORMES

Anostomidae
Leporinus friderici 17668 0 0 0 0 0 0 2 1 1 2
Leporinus lacustris 17669 1 0 0 0 0 0 0 1 0 1
Leporinus obtusidens 17670 0 0 0 0 0 1 0 1 0 1
Schizodon nasutus 17684 0 0 0 0 0 0 1 0 1 1

Characidae
Aphyocharax dentatus 17638 0 0 0 0 0 5 2 0 7 7
Astyanax altiparanae 17640 4 1 1 0 1 51 57 9 106 115
Astyanax bockmanni 17641 17 29 81 22 77 34 2 158 104 262
Astyanax fasciatus® 17642 171 147 122 52 27 38 48 203 402 605
Astyanax schubarti 17643 0 0 0 0 0 0 1 0 1 1
Bryconamericus stramineus® 17644 50 64 343 333 25 74 48 261 676 937
‘Cheirodon’ stenodon’ 17648 226 99 1 0 1 8§ 77 218 194 412
Gymnocorymbus ternetzi 17654 0 0 0 0 0 0 1 0 1 1
Hemigrammus marginatus 17656 0 0 0 0 0 4 6 0 10 10
Hyphessobrycon anisitsi 17660 3 0 0 0 0 0 0 0 3 3
Hyphessobrycon eques 17661 6 0 0 1 0 339 23 26 49
Moenkhausia intermedia 17671 0 0 0 0 0 3 0 0 3 3
Odontostilbe sp. 17672 0 0 0 0 0 15 0 15 0 15
Oligosarcus pintoi 17673 4 2 2 0 4 0 2 6 8 14
Piabina argentea' 17676 502 201 88 235 264 171 51 562 950 1512
Salminus brasiliensis 17683 0 0 0 0 0 0 3 0 3 3
Serrapinnus heterodon 17685 0 0 0 24 0 67 10 24 77 101
Serrapinnus notomelas 17686 127 25 2 0 3 17 32 46 160 206

Crenuchidae Characidium gomesi 17646 3 1 0 0 0 0 3 8 11

Characidium sp.

12211, 12213 2

S
(=]
(=]
(=]
(=]
(=]
(=
[\
[\

Characidium zebra 17647 48 3 7 1 1 1 2 43 20 63
Curimatidae

Cyphocharax modestus 17651 0 0 1 0 0 0 0 1 0 1

Steindachnerina insculpta 17687 60 6 35 0 3 2 11 71 46 117
Erythrinidae

Hoplerythrinus unitaeniatus 17658 0 0 0 0 0 0 1 0 1 1

Hoplias malabaricus 17659 8 4 1 0 1 0 1 8 15
Parodontidae

. 12212, 12214,

Apareiodon sp. 13617 0 0 0 0 0 4 4

Apareiodon piracicabae 17637 0 0 0 4 0 3 1 4 8

Parodon nasus 17675 0 0 0 2 0 0 1 0 3 3
Prochilodontidae

Prochilodus lineatus 17679 0 0 0 0 0 0 4 1 3 4

abundant in stretches S3 andS4, and Serrapinnus notomelas
(r=-0.57,1>=57.06%), abundant in stretch S1 (Table 3).

The environmental variables with highest correlations with
NMDS axis 1 in the fish assemblage analysis were discharge
(r=-0.63, 1’=40.2%), width (r=-0.56, ’=31.3%) and nitrate (r=-
0.48, 1=23.5%). For the second axis the variables were
dissolved oxygen (r=0.73, r’=54.3%), ammonia (r=-0.61,
’=37.8%) and water velocity (r=-0.58, 1>=33.6%).

Discussion

Environmental variables. Based on analysis of environmental
variables, Corrego Rico can be divided into three groups that
are distinguished primarily by concentrations of nutrients and
dissolved oxygen. The first group, represented only by S1, is
characterized by low levels of nutrients and dissolved oxygen.
The second group, which includes stretches S2 and S7, which

are just downstream treated sewage discharge, is characterized
by high levels of nutrients (ammonia, nitrite and phosphorus).
The third group, which includes stretches S3, S4, S5, and S6, is
characterized by low nutrient levels and high dissolved oxygen
concentrations. Less water turbulence and high levels of
biological activity alters the levels of oxygen in water (Allan,
1995). Therefore, the lentic characteristic of the small lake
upstream stretch S1, with low flow velocity and large amount
of unconsolidated substrate, reduces the level of oxygen in
stretches S1 and S2. Excessive concentrations of phosphorus
and nitrogen, as observed in stretches S2 and S7, can lead to
eutrophication, which can affect the fauna due to microbial
metabolism that reduces dissolved oxygen (Khan & Ansari,
2005). However stretches S1 and S2 had low dissolved oxygen
concentrations, but differed in dissolved nutrient concentration.
Again, low oxygen concentration in S2 is due to the influence
of the small lake, rather than, nutrient loading from the local
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Table 3. cont. Abundance of fishes collected in each stretch and in dry (D) and rainy (R) seasons in Cérrego Rico, Sdo Paulo
State, Brazil. The four most abundant species are indicated with superscript numbers after the species name.

Order
Family Vouchers Stretch Total
Species (DZSJRP) S1 S2 S3 S4 S5 S6 S7 D R Total
CYPRINODONTIFORMES
Poeciliidae
Poecilia reticulata 17678 142 302 6 14 4 5 30 265 238 503
GYMNOTIFORMES
Gymnotidae
Gymnotus sylvius 17655 4 3 o o0 1 2 1 6 5 11
Sternopygidae
Eigenmannia virescens 17652 2 0 1 0 1 4 0 5 3 8
PERCIFORMES
Cichlidae
Geophagus brasiliensis 17653 244 37 4 1 82 24 0 277 115 392
Laetacara araguaiae 17667 0 0 0o 0 1 0 O 0 1 1
Tilapia rendalli 17689 5 0 o 0o o o0 7 1 11 12
SILURIFORMES
Aspredinidae
Bunocephalus larai 12210 0 0 0o 0 o 1 o0 0 1 1
Auchenipteridae
Tatia neivai 13616 0 0 0 0 2 0 O 2 0 2
Callichthyidae
Aspidoras fuscoguttatus 17639 4 2 0o 0 o0 0 O 3 3 6
Corydoras aeneus 17649 112 40 0 0 3 0 0 96 59 155
Corydoras difluviatilis 17650 28 1 3 15 1 3 0 18 33 51
Heptapteridae
Cetopsorhamdia iheringi 17645 6 0 0o 0 o0 0 o0 2 4 6
Imparfinis borodini 17665 1 0 o o 1 1 o0 1 2 3
Imparfinis schubarti 17666 2 0 2 0 0 0 O 3 1 4
Phenacorhamdia cf. tenebrosa 12215 1 0 0o 0 o0 0 O 0 1 1
Pimelodella avanhandavae 17677 2 0 o o o0 o0 12 2 12 14
Rhamdia quelen 17681 6 2 o o 1 6 2 11 6 17
Loricariidae
Hisonotus francirochai 17657 5 0 2 3 0 0 0 6 4 10
Hypostomus ancistroides 17662 50 7 13 16 27 35 27 78 97 175
Hypostomus nigromaculatus 17663 1 1 0o 1 0 1 88 34 58 92
Hypostomus variipictus 17664 0 1 0o 0 o0 0 O 1 0 1
Pterygoplichthys ambrosettii 17680 0 0 0o 0 o0 o0 1 1 0 1
Rineloricaria latirostris 17682 0 3 0 0 0 0 O 2 1 3
Trichomycteridae
Paravandellia oxyptera 17674 2 0 28 63 5 32 0 6l 69 130
SYNBRANCHIFORMES
Synbranchidae
Synbranchus marmoratus 17688 0 1 o o 1 1 2 0 5 5

watershed. The presence of riffles, with fast and turbulent
waters in stretches S3, S4 and S5 and the great distance from
treated sewage discharge likely account for the high levels of
dissolve oxygen and the low nutrient concentrations in these
stretches.

Spatial pattern of fish assemblage. Analysis of fish assemblage
composition in Corrego Rico stream also identified three main
groups: one composed of the two upper stretches S1 and S2,
the other by the middle stretches S3, S4 and S5, and a last one
by stretches S6 and S7. These groups were strongly influenced
by species that are abundant in the Mogi Guagu River, its
tributaries and oxbow lakes (Meschiatti & Arcifa, 2009). For
example, Serrapinnus heterodon was common in middle and
lower stretches of Corrego Rico stream. Piabina argentea and
Geophagus brasiliensis were abundant in upper stretches.
‘Cheirodon’ stenodon and S. notomelas were abundant only

in the upper and lower stretches. Paravandellia oxyptera was
abundant only in the middle stretches.

Instream and riparian habitat variables significantly
influenced fish assemblage structure in Cérrego Rico, and
these undoubtedly have been influenced by urbanization and
sugar cane farming in the watershed. Abes ef al. (2001)
documented higher species richness in streams of the upper
Parana River basin that had more intact riparian vegetation.
In Corrego Rico, the environmental variables having strongest
correlations with fish assemblage structure were channel
structural features, dissolved oxygen, and nutrients. Despite
certain environmental differences between S1 and S2, their
fish assemblage structures were quite similar. These stretches
had different dissolved nutrients, but their width, depth,
discharge and dissolved oxygen were similar. Low dissolved
oxygen in S1 and S2 did not inhibit the population of
Corydoras aeneus, a species possessing accessory
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Fig. 3. Non-metric multidimensional scaling (NMDS) ordination based on fish abundance data from Cérrego Rico: a) Stretches
grouped in upper, middle and lower (S1 to S7; d- dry season and r- rainy season). b) Stretches (S1 to S7; d- dry season and r- rainy
season); fish species with highest correlations with the axis (Ser-het: Serrapinnus heterodon; Par-oxy: Paravandellia oxyptera;
Pia-arg: Piabina argentea; Geo-bra: Geophagus brasiliensis; Ser-not: Serrapinnus notomelas; Che-est. ‘Cheirodon’ stenodon);
environmental variables with highest correlations with the fish assemblage (Dis: discharge; Wid: width; O%: dissolved oxygen;
Vel: water velocity; Am: ammonia; Nit: Nitrate). Vectors show the direction and magnitude of correlations.

respiratory adaptations (Kramer & Mcclure, 1980), which is
common in middle and lower stretches of streams in this region
(Aranha et al., 1993; Casatti, 2005). ‘Cheirodon’ stenodon
and A. fasciatus were also abundant in upper stretches of
Corrego Rico. The small lake above S1 supports large
populations of these species and may serve as a source for
many individuals encountered in the stream within the upper
stretches. For other fish species, nutrient loading from the
cities and agricultural fields in the upper stream reaches
appeared to have negative effects. Characidium zebra occurs
mainly within low-order streams in areas with relatively high
water velocity (Casatti & Castro, 1998). In Cérrego Rico, C.

zebra was abundant only in riffle areas within S1. High
abundance of Poecilia reticulata, an exotic species, in stretch
S2 supports the idea that nutrient inputs have a significant
impact on stream fishes (Casatti ef al., 2006a; Cunico et al.,
2006).

The middle stretches (S3, S4, and S5) had high values for
dissolved oxygen, low values for nutrients, and high
abundance of only one species, Bryconamericus stramineus.
This species inhabits the water column and seems to be
associated with habitats lacking physical disturbance to the
channel (Casatti et al., 1998; Casatti et al., 2002; Casatti et al.,
2006b). The bedrock substrate, dominance of running-water

Table 4. Summary of ecological parameters in dry (d) and rainy (r) seasons by survey stretches (S1 to S7). Student’s 7-test of
H’ differences between survey stretches. Sample size in rarefaction method is 118 individuals.

Sid S2d S3d S4d S5d S6d S7d Sir S2r S3r S4r S5r Sér S7r Stretches
15,55 12,02 1325 11,09 1238 1631 1695 ] 1634 13,82 882 9,76 1234 1748 19,88  Richness
1,74 1,52 1,54 105 171 131 022 | 1,81 1,55 139 1,02 143 1,60 191 star?d?rd
eviation
230 1,78 1096 183 174 2,11 225 | 226 2,17 143 144 154 246 264 Shannon Index

<0,05 <0,05 <0,05 <005 <005 0,16 035 001 <005 <0,05 <005 <005 <0,05 Sid
<0,05 059 053 <005 <0,05 <0,05 <0,05 <005 <005 <0,05 <0,05 <0,05 s2d

0,14 <005 021 <005 <0,05 <005 <05 <005 <0,05 <0,05 <0,05 S3d

028 <005 <005 <005 <0,05 <0,05 <005 <005 <005 <0,05 S4d

<0,05 <0,05 <0,05 <005 <0,05 <0,05 0,06 <005 <005 S5d

045 005 036 <005 <0,05 <0,05 <005 <0,05 S6d

035 0095 <005 <005 <005 <005 <0,05 S7d

0,10 <005 <005 <0,05 <0,05 <0,05 Sir

<0,05 <0,05 <0,05 <005 <0,05 S2r

085 036 <005 <0,05 S3r

043 <0,05 <0,05 Sdr

<0,05 <0,05 S5r

<0,05 Sér
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habitat, relatively high levels of dissolved oxygen and low
levels of nutrients in segments of the middle reach (S3, S4)
were associated with high abundance of B. stramineus.
However, the favorable physical habitat of the middle
stretches did not agree with the observed low values of
species richness obtained by the rarefaction method and
diversity, suggesting negative influence of the dam.

Upper stretches, S6 and S7 were not grouped between
them and with others stretches, but they have in common
high values of species richness and diversity. The proximity
with Mogi Guagu River contributes to this pattern, and thus
some species were collected only in these stretches. Astyanax
altiparanae, a specie very common and widely distributed in
Parana River basin streams (Britski, 1972), was collected only
in these stretches, mainly in rainy season. Ferreira & Casatti
(2006) explain the high abundance of the armored catfish H.
nigromaculatus in lower stretch of a stream from upper Parana
river due to the rocky substrate predominance. A similar
pattern was observed in the Corrego Rico. Hypostomus
nigromaculatus was abundant only in stretch S7 where there
was large amount of bedrock. Juveniles of Salminus
brasiliensis and Prochilodus lineatus, which are medium-
large body size migratory fishes (Agostinho et al., 2003), were
collected only in stretch S7.

High values of species richness and diversity were
obtained for the upper and lower stretches, and middle
stretches had low values of species richness and diversity.
Given these patterns of species distribution, it appears that
Coérrego Rico does not conform to the predictions of the river
continuum concept (Vannote et al., 1980). According to this
theory there is an increase in species richness from upstream
to downstream because of greater habitat size and complexity.
Increase in species richness among stretches towards the
river mouth has been documented for some rivers in Parana
basin (Abes et al., 2001; Ferreira & Casatti, 2006). However,
the river continuum concept may not apply for fluvial systems
that have distinct geological and geomorphic zones or that
have undergone anthropogenic modifications (Naiman et al.,
1988). It is suggested that connectivity can explain high
species richness and diversity in upper and lower stretches.
The small lake above stretch S1 has a habitat structure very
similar with a large pool habitat. In general, these habitats
show high species richness due to the combination of the
substrate, water velocity, depth and width of the channel
(Langeani et al., 2005; da Silva et al., 2007; Abilhoa et al.,
2008). Therefore, high species richness and diversity in upper
and lower stretches are due to the permanent connectivity
with the small lake and Mogi Guacu River, respectively.
Connectivity is documented as a strong predictor to fish
assemblages (Isaak et al., 2007; Thomaz et al., 2007; Sullivan
& Watzin, 2009). Moreover, Corrego Rico has been impacted
by human actions in several stretches. The low dam in the
middle stretches (between S3 and S4) clearly has a strong
negative influence on fish assemblage. It is well documented
that large dams negatively influence the freshwater fish fauna
(Agostinho et al., 2002; Barrella & Petrere, 2003). As fish

Spatial and seasonal patterns in fish assemblage in Corrego Rico

fauna from Coérrego Rico is characterized mainly by small size
species, even a small dam can modify the fish assemblage.
For small dams Benstead et al. (1999), Tiemman et al. (2004),
and Gillete et al. (2005) demonstrated that they can indeed
affect the fauna assemblage in temperate regions and in Porto
Rico, Central America. In Corrego Rico, the spatial distribution
of S. heterodon seems to be evidence of the negative influence
of the small dam. This small size specie was documented in
three Mogi Guacu River’s tributaries in middle and lower
stretches (Oliveira & Garavello, 2003; Perez-Junior &
Garavello, 2007; Apone et al., 2008). In Coérrego Rico,
Serrapinnus heterodon was collected only in medium and
lower stretches (S4, S6, and S7), but almost all species collected
in S4 were collected in S3 or upper stretches, and S3 and S4
are very close. Therefore, the dam fragmented Corrego Rico
and limited S. heterodon to middle and lower stretches. Habitat
fragmentation due to dams were documented by Burns et al.
(2006) and Gosset et al.(20006).

Seasonal pattern. Seasonal differences were not evident on
fish assemblage composition in upper and middle stretches.
However, some stretches showed differences in species
richness and diversity. Stretches S3 and S4 showed higher
values of these indices in the dry season. According with
Starez et al. (20006), water velocity is a limiting factor for some
species. Thus, the increase in flow, due to the rainy season,
increases the water velocity in riffles, which is the predominant
factor in stretches S3 and S4 explaining the low values of
species richness and diversity in rainy season. Another factor
that should be considered to explain this pattern is the
fragmentation caused by the dam, as discussed earlier.

Seasonal differences in fish assemblage structure in
Corrego Rico were observed only in the two lower stretches
(S6, S7), a pattern that probably was influenced by connectivity
and seasonal migration from the Mogi Guagu River. In
Neotropical areas, during the rainy season, there is more water
in the rivers and streams that creates more habitats. Also, most
fish species reproduce during the rainy season (Lowe-
McConnell, 1987). Fishes from Mogi Guagu River ascend
Corrego Rico during the rainy season, and greater abundance
was observed in the two lower stretches (S6, S7) during that
time. The species assemblage structure of S6 was similar to
stretches S3, S4 and S5 during the dry season, but during the
rainy season S6 was most similar to S7. This finding further
supports the idea that S6 and S7 are strongly influenced by
their connectivity to the Mogi Guagu River. Seasonal
differences in lower stretches also could have been influenced
by connectivity with more extensive floodplain habitats (Valerio
etal.,2007).

The lack of seasonal differences in upper and middle
stretches of Corrego Rico may be due to their narrower
floodplains as well as their conversion into sugar cane fields.
Negative impacts in aquatic environment due to sugar cane
cultivate in Neotropical areas were reported by Martinelli et
al., (2008) and Gunkel et al., (2007). In Cérrego Rico basin,
siltation, erosion and soil management reduced riparian
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vegetation and flooded areas. According to Lowe-McConnell
(1987), the flood pulse is the most important factor influencing
seasonal ecological dynamics in Neotropical rivers. Thomas
et al. (2007), reinforce the importance of flood and connectivity
to the increase in similarity in aquatic habitats. Therefore, the
reduction of flooded areas during the rainy season limits the
occupation of fish species, explaining the lack of seasonal
variation. Little seasonal variation in fish assemblage
composition has been observed in other upland streams of
the upper Parana River basin (Ferreira & Casatti, 2006; Valerio
etal.,2007;Y.R. Suarez et al., 2007).

In summary, the fish assemblages of the Corrego Rico were
grouped into upper, middle and lower stretches, with highest
species richness and diversity in the upper and lower stretches.
Fish assemblage in upper stretches were influenced by
connectivity with a small lake, middle stretches by a small dam
and lower stretches by the connectivity with Mogi Guagu River.
The combination of water velocity, depth and width of the
channel, dissolved oxygen and nutrient concentrations had
the strongest correlations with the fish assemblage structure.
Seasonal difference in species assemblage structure was
observed only in the lower stretches, and this appears to be
strongly influenced by seasonal migrations of fishes from the
nearby Mogi Guagu River.
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