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Abstract This study aimed to evaluate environmen-
tal influences on fish distribution and to assess the
extent to which concepts in river ecology accommo-
date levels of spatio-temporal heterogeneity of fish
assemblages in a 1,080-km long tropical river. A total
of 25 sites were sampled between November 2002 and
March 2003 in two seasons (summer/wet versus winter/
dry). A thermal gradient separating the upper reaches
from the lower reaches was detected. The middle-upper
reaches showed higher conductivity and lower dis-
solved oxygen and pH levels compared with the other
reaches. Although some significant associations were
found between some fish abundance and environmental
variables, the most abundant species (Tilapia rendalli,
Geophagus brasiliensis, and Oligosarcus hepsetus)
occurred in most sites and under most environmental
conditions. Fish community structure varied more in
space (longitudinal) than through time (seasonal).
The community in the lower reach species was more
diverse in comparison with the other reaches. Differ-
ences in the fish assemblage structure among the
longitudinal river sections appear to have been
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influenced by the effects of damming, and seem to
be partially consistent with the Serial Discontinuity
Concept, which views dams as discontinuities within
the river continuum. Only the lower river reach
showed seasonal differences in the fish community
structure, attributable to the influence of flooding.
Management plans and biodiversity conservation will
benefit by considering the effects of dam disruption
and flood increased connectivity to the lotic systems.
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Introduction

Fish assemblages are structured by biotic, abiotic, and
historical factors. Typically, the distribution and
abundance of native fishes in rivers exhibit longitu-
dinal zonation from upstream to downstream (Hughes
& Gammon, 1987; Bhat, 2004; Habit et al., 2006).
Species also assort themselves along environmental
gradients, with species diversity increasing down-
stream. Lowe-McConnell (1975) explained this
pattern as being a reflection of habitat diversity,
which also increases along the upstream to down-
stream axis. Fausch et al. (1984) suggested that fish
assemblages change gradually with stream order.
Greater fish species diversity downstream could also
be the result of the increased richness of detritus and
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plankton there (Lowe-McConnell 1975). In contrast,
Matthews (1986) suggests that riverine fish assem-
blages respectively change abruptly or gradually
because of abrupt or gradual changes in the physi-
cochemical habitat. Usually, fish assemblages in
rivers show longitudinal zonation and the relationship
between assemblages composition and physicochem-
ical variability continues to be actively studied.
Understanding the influences on fish assemblage
structure, therefore, requires analysis of factors
influencing assemblages of many types over a broad
range of space or environmental conditions.

Vannote et al. (1980), introducing the River
Continuum Concept (RCC), viewed streams as having
gradients in physical conditions from the headwaters
to the mouth, which influence fish species distribution
and thus the communities thereof. Overlaying this
pattern, the Serial Discontinuity Concept (SDC)
(Stanford & Ward, 2001) predicts that dams or other
anthropogenic variables (i.e., pollution, erosion, etc.)
should disrupt the underlying continuum, causing
longitudinal shifts in the river’s abiotic and biotic
parameters and processes. The SDC implies that
channel networks can be divided into discrete regions
within which the community structure and dynamics
differentially respond to various disturbance regimes.
Therefore, if the predictions of the RCC (e.g., a higher
proportion of insectivore, frugivore, and herbivore
feeding guilds in the upper reaches, shifting to a
predominance of carnivore, omnivore, and detritivore
feeding guilds in the lower reaches) are not met, and
distinct fish assemblages down in the river coincide
with the dam disruption of the natural continuum of
the river, it is reasonable to expect that the predictions
of SDC can be at least partially applied.

The River Continuum Concept devoted little
attention to the lateral dimension or to processes
pertaining to floodplain rivers, issues that are now
considered essential (Ward et al., 2001). Nonetheless,
flood-related seasonal variation is expected to have a
significant impact on fish distributions in lotic
systems (Wootton, 1990). How discharge variability
influences the community structure may be modified
by the availability of shelters from high and low
flows (Schlosser & Angermeier, 1990). Flooding is
considered as an essential ecological interaction
between the river channel and its associated flood-
plain (Junk et al., 1989). Flooding allows access to a
greater diversity of floodplain habitat structures than
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would be available in the main channel, providing for
a more diverse flora and fauna. During a flood,
aquatic organisms migrate onto the floodplain to use
the newly available habitats and resources, and
assemblages are expected to change between dry
and wet seasons.

Environmental variables (e.g., temperature, dis-
solved oxygen, conductivity, and pH) characterize
aquatic environments, and fish community composi-
tion varies in response to these parameters. Ostrand &
Wilde (2002) suggested that the assemblage structure
is determined more by average or persistent differ-
ences in environmental conditions among sites than
by seasonal variation in environmental conditions.
Matthews et al. (1992), comparing large water qual-
ity and fish abundance datasets, found spatial
distribution of stream fishes of Arkansas to be
significantly related to an aggregate of water-quality
conditions. Understanding how environmental vari-
ables (and their spatial and temporal variations) shape
fish community structure is an important issue for
environmental managers. For temperate rivers,
numerous studies have tested how environmental
changes influence fish assemblages (e.g., Matthews
et al., 1988; Fausch & Bramblett, 1991; Brown,
2000). However, for tropical systems, there have
been few such studies.

In this study, we assess whether and how fish
species distributions vary down the length of the
1,080-km-long Rio Paraiba do Sul, there being major
landscape changes from the headwaters to the estuary.
Furthermore, we document spatial and seasonal
differences in the community structure, and investi-
gate how certain environmental variables influence
the occurrence of the most abundant and dominant
fish species. Our evaluation of whether fish assem-
blages differed longitudinally allowed us to test
aspects of the Serial Discontinuity Concept, specifi-
cally (i) does fish community structure change along
longitudinal and temporal river gradients, (ii) do dams
disrupt longitudinal fish assemblage structure, and
(iii) how does fish abundance relate to longitudinal
gradients in environmental variables? In doing so, we
test the degree to which ecological models fit the fish
distributions and community structuring that exist,
and thereby assess the extent to which concepts in
river ecology accommodate levels of spatio-temporal
heterogeneity of fish assemblages. In addition, we
address whether the presence of dams alters the river’s
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seasonal pattern of variation in environmental condi-
tions and how fishes distribute themselves in response.

Materials and methods
Study region

The Rio Paraiba do Sul in southeastern Brazil is a 9th
order river (length: 1,080 km; watershed area
57,000 km?) draining one of the most important
industrial regions in the country (states of Sdo Paulo,
Minas Gerais, and Rio de Janeiro). Its watershed
(Fig. 1) is located between parallels 20°26' and 23°38’
South and meridians 41°00’ and 46°30" West. As one
of Brazil’s largest tropical rivers, marked variation in
the landscape occurs along its length (Arayjo et al.,
2003; Pinto et al., 2006). The upper reach drains
relatively well-preserved high altitude areas. The
middle-upper and middle-lower reaches contain water
of decreased quality due to indiscriminate land use
(agricultural, industrial, and urban) (Pfeiffer et al.,
1986); these reaches receive large amounts of
untreated sewage and industrial effluents. The lower
reaches receive less waste, and the river here is wider
and flanked by a broad floodplain. Typical winter
and summer flows are 109 m> s~ and 950 m> s_l,
respectively. Annual rainfall ranges from 100 to

300 cm, with the average generally over 200 cm
(Carvalho & Torres, 2002). The drainage basin’s
climate is mesothermic, with hot and wet summers
and dry winters (Barbiere & Kronemberger, 1994).
Four hydropower dams interrupt the river’s flow at
locations that divide the river into four segments: the
upper, middle-upper, middle-lower, and lower reaches
(Fig. 1). It is within these geographic units (in sensu
Bizerril, 1999) that we conducted our geomorphic and
environmental characterizations.

The upper reach is located at relatively high
altitudes (between 500 and 1,800 m above sea level)
and have variable slopes (average = 4.9 m km™").
The streams confluent with the main river range from
Ist to 3rd order and the river here drains 4,000 km?>
(National Waters Authority, 2003).

The middle-upper reach, where the main river
transitions from 4th to 5th order, is accompanied by
floodplain and meander areas with marginal lagoons,
and has a gentle slope (0.19 m km™"). At the junction
with the middle-lower reach, the river drains
11,677 km?. The climate here is mesothermic, with
hot and wet summers and dry winters (Barbiere &
Kronemberger, 1994).

The middle-lower reach is geomorphologically
more variable. The river here transitions from 5th to
8th order, drains 31,580 km?, and has an average
slope of 1.0 m km~'. The substrates here are
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unconsolidated to semi-consolidated sand, gravel,
silt, and clay, with basalt outcroppings, low moun-
tains, low-nutrient soils, fragments of semi-deciduous
seasonal rain forest, and poor cropland areas.

The lower reach (average slope = 0.22 m km™")
is primarily floodplain that increases in extent toward
a deltaic estuary. In this reach, the river becomes 9th
order, having drained 57,000 km? at its confluence
with the sea (Marengo & Alves, 2005).

Two dams (forming the Paraibuna and Santa Branca
reservoirs, respectively) are located between the upper
and the middle-upper reaches. Another dam (forming
Funil reservoir) separates the middle-upper and middle-
lower reaches. A final dam (forming Ilha dos Pombos
reservoir) is located between the middle-lower and
lower reaches (Fig. 1). Each of these dams completely
disrupts the river flow, although the latter dam has a
fish-ladder, which is opened during flood periods.

Fish sampling
Locations

Twenty-five total sampling sites, covering the length of
the main channel of the Paraiba do Sul and its main
tributaries, were sampled. Sites were chosen on the basis
of accessibility, similarity in habitat types, and to
maximize the diversity of habitat types (pools, riffles
and rapids) at each site. We sampled 24 of these sites in
the summer/wet season (three upper, three middle-
upper, 13 middle-lower, and five lower reaches), and 19
sites in the winter/dry season (three upper, three middle-
upper, eight middle-lower, and five lower reaches). Most
sites were sampled in both periods (between November
2002 and March 2003), but a few of them were replaced
or eliminated, where conditions prevented obtaining a
standardized sample. The number of samples varied
across the river reaches because some areas were less
accessible and some reaches were longer.

Nets

At each site, we collected fish using 20 cast net throws,
20 mesh trays lifts, and 22 gill net sets. This combi-
nation of capture methodologies was employed to
document as much of the fish diversity as possible. The
cast nets were 4 m in diameter with 2-cm mesh. The
mesh trays were 80 cm in diameter with 1-mm mesh.
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The experimental gill nets were 30 m by 2 m with
mesh panels ranging from 2.5 to 6.5 cm (seven nets
were 2.5 cm mesh, eight were 4.5 cm, and seven
were 6.5 cm). The nets were deployed in the
afternoon and retrieved in the following morning
after approximately 16 h. Because our fishing effort
was standardized, we could calculate a catch per unit
effort (CPUE), value simply by totaling the number
of fish collected by all of our nets at each site.

Temperature, conductivity, pH, and dissolved
oxygen were measured for every location and time
we sampled. All these variables were measured at 3
to 4 points, each 200 m apart, at 50 cm sub-surface
and about 3 m far from the margins, using a
HORIBA W-21 multiparametric probe. These vari-
ables were measured at 8, 14 and 18 h in different
sampling sites and the overall average was used to
represent the site. All captured fish were fixed in 10%
formalin for 48 h, and then transferred to 70%
alcohol. Each individual was identified to a species,
measured (total length, mm), and weighed (g).
Information from the literature was used to assign
each species in a feeding guild. Fish diets vary largely
according to season, and almost all species also
perform distinct shifts during life history as a result of
ontogenetic changes in resource use. In spite of this
limitation, the identification and analysis of the guild
structure played a fundamental role in the under-
standing of the underlying mechanisms responsible
for their community organization and structuring
(e.g., Vannote et al., 1980; Orth & Maughan, 1984;
Bhat, 2004). The gut contents of some species were
examined to confirm their feeding habits and guild
designations. Voucher specimens were deposited in
the fish collection of the Fish Ecology Laboratory of
the University Federal Rural of Rio de Janeiro.

Data analysis

Impoundment of the four reaches along the Rio
Paraiba do Sul may have resulted in the changes to
the pre-existing fish community structure. Therefore,
we initially tested for spatial (along the length of the
river) and temporal differences in the community
structure among the four reaches and two seasons.
Species richness among the river reaches was com-
pared for each season by using rarefaction of
individuals. The individual-based rarefaction curves
representing the means of repeated re-sampling of all
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pooled individuals (Gotelli & Colwell, 2001) were
computed by using EstimateS v. 7.5.2 (Colwell,
2000). We follow by square-root transforming our
fish CPUE data to meet the assumptions of multivar-
iate normality and to moderate the influence of
extremes in species abundance. The transformed data
were then used to create a Bray—Curtis dissimilarity
matrix calculated for all pair-wise sample compari-
sons (Thorne et al., 1999).

Next, we used a non-parametric permutation-based
one-way analysis of similarity (ANOSIM; Clarke,
1993) to test for differences in the fish community
structure among the reaches (when averaged across
the seasons), and among the seasons (when averaged
across the reaches). Analysis of similarity is analo-
gous to univariate Analysis of Variance (ANOVA), in
that it tests for significant differences among groups.
However, unlike ANOVA, ANOSIM is executed on a
similarity matrix rather than the raw data; signifi-
cance is based on comparisons of this matrix to random
permutations of the matrix (Clarke & Warwick, 1994),
with the degree of dissimilarity associated with each
factor being measured by an R statistic (comparable
to the F statistic of ANOVA).

Nonmetric multidimensional scaling (MDS) was
then used to identify groupings of observations, and a
similarity breakdown procedure (SIMPER; Clarke &
Warwick, 1994) was used both to identify the species
that contributed most to any among-group dissimi-
larity and to quantify and rank species that on average
contribute strongly to assemblage structuring (Clarke,
1993). The procedure also allowed us to quantify the
average contribution each species made to the overall
measure of dissimilarity between reaches within
season and between seasons within reaches. In order
to accomplish these ends, the procedure uses the
standard deviation of the Bray—Curtis dissimilarity
matrix, attributed to a species, for all species pairs
and compares that with the average contribution of a
species to the dissimilarity.

A principal component analysis (PCA; correlation
matrix) was performed on the log-transformed envi-
ronmental variables to facilitate detection of any
spatial/seasonal patterning. Next, we used ANOVA
followed by “a posteriori” Tukey means separation
tests to compare our environmental data among the
reaches and seasons.

A Mantel test was then used to identify correlations
between the species-by-sample and environmental

variable-by-sample data matrices, this being further
evidence of species abundance being influenced by
environmental attributes. In addition, we then tested
for the existence of species—environment relationships
using a Spearman rank correlation procedure
(P < 0.05) and the 20 most abundant fish species
(i.e., those which contributed more than 1% of the
overall catch). We restricted consideration here to the
most abundant species because they tended to occur
across more of the sites and dates, facilitating
detection of any underlying correlations.

Results
Fish assemblages

In total, we collected 8,570 fish from nine orders, 29
families, 55 genera, and 81 species. The 20 species
which exceeded 1% of the total catch together
amounted to 87.7% of the individuals and 75.0% of
their total weight (Table 1). The total number of
recorded species ranged from 34 to 35 species in the
upper and middle-upper reaches to 53 to 58 species in
the middle-lower and lower reaches, respectively.

Of the 20 most abundant species, only three were
absent from the upper reach (P. vivipara, G. albes-
cens, and L. castaneus), six were absent from the
middle-upper reach (P. lineatus, P. fur, G. albescens,
A. giton, L. castaneus, and C. lacustris), and two
were absent from the lower reach (P. reticulata and
P. fur) (Table 2). A total of 11 of the 81 species were
non-native, and 13 were marine species that occurred
only in the lower river reach (Table 1). Two intro-
duced species (T. rendalli and P. reticulata) ranked
as the first and third most abundant species compris-
ing 15.0 and 6.4% of the total fish abundance,
respectively, with the former being distributed in all
river reaches.

The rarefaction curves for the summer/wet season
showed higher number of species compared with the
winter/dry season (Fig. 2). During the wet season, a
more marked increase in number of species from the
middle-upper reach to the lower was shown. The
individual rarefaction curve for the lower reach lied
well above the corresponding curve for the middle-
lower and the middle-upper reaches. On the other
hand, during the dry season, the lower reach curve
dropped relatively to the middle-lower reach curve
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Table 1 Total number (N), percentage number (% N), weight (W, in grams), percent weight (% W), percent frequency of occurrence

(% FO), and size range (Total Length = TL, in mm) of fish species in the Rio Paraiba do Sul, 2002/2003

Species Number (N) % N Weight (W) % W % FO TL (mm)
Tilapia rendalli® 1,290 15.0 4,641 1.1 333 12-390
Geophagus brasiliensis 780 9.1 39,030 9.2 85.7 10-430
Poecilia reticulata® 547 6.4 104 <0.1 23.8 11-35

Poecilia vivipara 528 6.1 118 <0.1 21.4 10-36

Oligosarcus hepsetus 527 6.1 27,889 6.6 90.5 26-285
Prochilodus lineatus 496 5.8 29,870 7 33.3 180-255
Astyanax bimaculatus 447 52 8,772 2 78.6 110-175
Pimelodus maculatus 403 4.7 31,598 7.5 50.0 160-316
Phalloceros caudimaculatus 378 4.4 149 <0.1 35.7 9-35

Astyanax parahybae 317 3.7 8,295 2 64.3 45-160
Hoplosternum littorale 272 32 29,653 7 59.5 115-243
Pimelodus fur 265 3.1 14,015 3.3 33.3 150-250
Hypostomus auroguttatus 253 2.9 41,960 9.9 57.1 100-400
Glanidium albescens 245 29 11,247 2.7 40.5 111-151
Cyphocharax gilbert 166 1.9 10,853 2.6 35.7 110-188
Hypostomus affinis 153 1.8 27,399 6.5 73.8 30-405
Astyanax giton 129 1.5 2,494 0.6 26.2 98-140
Loricariichthys castaneus 121 1.4 12,939 3.1 21.4 250-450
Crenicichla lacustris 100 1.2 4,768 1.1 452 145-280
Rhamdia quelem 95 1.1 11,359 2.7 33.3 20-700
Eigenmannia virescens 73 09 2,730 0.6 50.0 210-367
Leporinus copelandii 70 0.8 23,102 5.5 429 260450
Leporinus mormyrops 66 0.8 3,803 0.9 21.4 170-215
Hoplias malabaricus 60 0.7 20,785 4.9 57.1 50-335
Hyphessobrycon eques® 57 0.7 12 <0.1 21.4 28-39

Trachelyopterus striatulus 53 0.6 3,835 0.9 38.1 150-190
Rineloricaria sp. 49 0.6 663 0.1 31.0 40-80

Aequidens sp.* 46 0.5 471 0.1 11.9 100-150
Corydoras nattereri 43 0.5 177 <0.1 9.5 25-86

Australoheros sp. 39 0.5 443 0.1 9.5 20-70

Gymnotus carapo 36 0.4 2,452 0.6 50.0 196-300
Oreochromis niloticus® 34 0.4 14,658 3.5 23.8 240-321
Astyanax scabripinnis 32 0.4 490 0.1 7.1 111-130
Deuterodon parahybae 33 0.4 430 0.1 16.7 100-130
Harttia loricariformes 30 0.3 871 0.2 16.7 150-160
Pachiurus adspersus 27 0.3 2,092 0.5 16.7 160-205
Astyanax sp.1 26 0.3 680 0.2 9.5 100-120
Hyphessobrycon bifasciatus 25 0.3 7 <0.1 4.8 20-40

Australoheros facetum 23 0.3 932 0.2 26.2 85-160
Awaous tajasica 23 0.3 366 0.1 9.5 30-145
Centropomus parallelus® 17 0.2 6,518 1.5 16.7 290-500
Callichthys callichthys 16 0.2 702 0.2 7.1 110-230
Probolodus heterostomus 16 0.2 442 0.1 14.3 100-122
Hemipsilichthys gobio 16 0.2 652 0.2 4.8 115-180
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Table 1 continued

Species Number (N) % N Weight (W) % W % FO TL (mm)
Astyanax sp.2 13 0.2 164 <0.1 24 100-110
Rhamdia sp. 16 0.1 856 0.2 9.5 20-30
Abramites hypselenotus® 12 0.1 15 <0.1 7.1 10-12
Rineloricaria cf. lima 10 0.1 98 <0.1 9.5 150-190
Hypostomus sp. 10 0.1 599 0.1 4.8 50-60
Hoplerythrinus unitaeniatus 9 0.1 765 0.2 9.5 221-260
Lycengraulis grossidensb 7 0.1 621 0.1 4.8 220-250
Metynnis maculatus® 7 0.1 259 0.1 7.1 124-135
Prochilodus vimboides 7 0.1 1,169 0.3 7.1 150-195
Leporinus sp. 7 0.1 500 0.1 24 150-200
Leporinus conirostris 6 0.1 1,775 0.4 11.9 315-350
Cichla monoculus® 5 0.1 1,773 0.4 11.9 270-320
Mugil curema® 3 <0.1 299 0.1 7.1 214-580
Mugil liza® 3 <0.1 2,777 0.7 24 270-317
Salminus brasiliensis® 3 <0.1 1,187 0.3 4.8 336-400
Genidens genidensb 3 <0.1 496 0.1 4.8 280-322
Trinectes paulistanusb 3 <0.1 39 <0.1 24 84-91
Brycon opalinus 2 <0.1 455 0.1 24 150-173
Cichla ocelaris® 2 <0.1 187 <0.1 4.8 135-145
Characidium sp.1 2 <0.1 <0.1 <0.1 2.4 20-30
Pogonopoma parahybae 2 <0.1 1047 0.2 4.8 210-232
Rineloricaria steindachneri 2 <0.1 1 <0.1 24 4045
Anchoviella lepidentostoleb 1 <0.1 31 <0.1 2.4 145
Brycon insignis 1 <0.1 52 <0.1 2.4 185
Caranx latus® 1 <0.1 24 <0.1 24 112
Characidium sp.2 1 <0.1 2 <0.1 24 64
Deuterodon sp. 1 <0.1 4 <0.1 2.4 78
Centropomus undecimalis® 1 <0.1 1,950 <0.1 2.4 485
Elops saurus® 1 <0.1 135 <0.1 2.4 300
Pimelodella eigenmanni 1 <0.1 20 <0.1 2.4 135
Plagioscion squamosissimus 1 <0.1 164 <0.1 2.4 230
Polycentrus sch()mbrugkiib 1 <0.1 <0.1 <0.1 24 27
Caranx crysos® 1 <0.1 145 <0.1 2.4 220
Citharichthys spilopterus® 1 <0.1 14 <0.1 2.4 125
Hemipsilichthys sp. 1 <0.1 34 <0.1 2.4 135
Clarias gariepinus® 1 <0.1 1,018 0.2 2.4 495
Synbranchus marmoratus 1 <0.1 52 <0.1 2.4 125
Total 8,570 100 42,3189 100

% FO, percentage of samples containing a given fish species divided by total sample count

? Non-native species

® Marine species

but it still lied above it. The upper reach curves had
the lowest number of species and did not reach an

asymptote.

A total of 12 out of the 20 most abundant species
occurred in all the river reaches. Only five species
were exclusive to the upper reach; five species were
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Table 2 Fish species distribution and feeding guilds in four reaches of the Rio Paraiba do Sul, 2002/2003

Species River reach Feeding guild References
Up MU ML LO
Hemipsilichthys gobio X Detritivore Personal observation
Astyanax sp.1 X Omnivore Hartz et al. (1996)
Characidium sp.1 X Invertivore Costa (1987); Braga (2005); Oyakawa et al. (2006)
Callichthys callichthys X X Detritivore Mol (1995)
Probolodus heterostomus X X X Omnivore Roberts (1970); Sazima (1983); Oyakawa et al. (2006)
Leporinus copelandii X X X Herbivore Nomura (1976)
Poecilia reticulata® X X X Omnivore Harpaz et al. (2005)
Astyanax scabripinnis X X Omnivore Castro & Casatti (1997)
Astyanax sp.2 X X Omnivore Hartz et al. (1996)
Pimelodus fur X X Omnivore Personal observation
Rineloricaria cf. lima X X Detritivore Personal observation
Oreochromis niloticus® X X Omnivore Weliange & Amarasinghe (2003); Talde et al. (2004)
Synbranchus marmoratus X Carnivore Rojas-Beltran (1989); Mérigoux & Ponton (1998)
Plagioscion squamosissimus X Invertivore Williams et al. (1998)
Hemipsilichthys sp. X Detritivore Personal observation
Pogonopoma parahybae X Detritivore Personal observation
Corydoras nattereri X Detritivore Oyakawa et al. (2006)
Prochilodus vimboides X Detritivore Personal observation
Leporinus sp. X Herbivore Personal observation
Deuterodon sp. X Invertivore Personal observation
Brycon opalinus X Frugivore Personal observation
Cichla ocelaris® X Carnivore Camara & Chellappa (1996)
Pimelodella eigenmanni X Omnivore Personal observation
Australoheros facetum X X X Omnivore Andrade & Braga (2005)
Deuterodon parahybae X X X Invertivore Personal observation
Prochilodus lineatus X X X Detritivore Almeida et al. (1993)
Astyanax giton X X X Omnivore Hartz et al. (1996)
Crenicichla lacustris X X X Carnivore Personal observation
Leporinus mormyrops X X X Herbivore Personal observation
Trachelyopterus striatulus X X X Invertivore Personal observation
Tilapia rendalli® X X X X Omnivore Batchelor (1978)
Geophagus brasiliensis X X X X Omnivore Barbieri & Santos (1980); Sabino & Castro (1990)
Oligosarcus hepsetus X X X X Carnivore Aratjo et al. (2005)
Astyanax bimaculatus X X X X Omnivore Castro & Casatti (1997)
Pimelodus maculatus X X X X Omnivore Basile-Martins et al. (1983); Lolis & Andrian (1996)
Phalloceros caudimaculatus X X X X Omnivore Sabino & Castro (1990)
Astyanax parahybae X X X X Omnivore Personal observation
Hoplosternum littorale X X X X Detritivore Mol (1995)
Hypostomus aurogutatus X X X X Detritivore Personal observation
Cyphocharax gilbert X X X X Detritivore Personal observation
Hypostomus affinis X X X X Detritivore Personal observation
Rhamdia quelen X X X X Carnivore Castro & Casatti (1997)
Hoplias malabaricus X X X X Carnivore Menin & Mimura (1991); Castro & Casatti (1997)
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Table 2 continued

Species River reach Feeding guild References

Up MU ML LO
Rhamdia sp. X X X X Carnivore Personal observation
Harttia loricariformes X X X X Detritivore Personal observation
Leporinus conirostris X X X X Herbivore Personal observation
Rineloricaria sp. X X X X Detritivore Personal observation
Hypostomus sp. X X X Detritivore Personal observation
Hoplerythrinus unitaeniatus X X X Carnivore Ponton & Mérigoux (2001)
Poecilia vivipara X X X Omnivore Personal observation
Gymnotus carapo X X X Invertivore Menin (1989); Castro & Casatti (1997)
Hyphessobrycon eques® X X X Invertivore Pelicice & Agostinho (2006)
Eigenmannia virescens X X X Invertivore Castro & Casatti (1997)
Glanidium albescens X X Omnivore Personal observation
Loricariichthys castaneus X X Detritivore Personal observation
Aequidens sp.* X X Omnivore Personal observation
Australoheros sp. X X Omnivore Andrade & Braga (2005)
Pachiurus adspersus X X Carnivore Personal observation
Centropomus parallelus® X X Carnivore Figueiredo & Menezes (1980)
Abramites hypselonotus® X X Omnivore Silvano et al. (2001)
Metynnis maculatus® X X Omnivore Sazima (1986)
Cichla monoculus® X X Carnivore Camara & Chellappa (1996); Andrade & Braga (2005)
Mugil curema® X Detritivore Menezes & Figueiredo (1985)
Mugil liza® X Detritivore Menezes & Figueiredo (1985)
Salminus brasiliensis® X Carnivore Rodrigues & Menin (2006)
Genidens genidens® X Carnivore Figueiredo & Menezes (1978)
Trinectes paulistzmusb X Invertivore Figueiredo & Menezes (2000)
Lycengraulis grossidensb X Carnivore Figueiredo & Menezes (1978)
Rineloricaria steindachneri X Detritivore personal observation
Anchoviella lepidemostoleb X Invertivore Teixeira (1994)
Brycon insignis X Herbivore Personal observation
Caranx latus® X Carnivore Randall (1967); Menezes & Figueiredo (1980)
Characidium sp.2 X Invertivore Costa (1987); Braga (2005); Oyakawa et al. (2006)
Centropomus undecimalis® X Carnivore Sierra et al. (1994)
Clarias gariepinus® X Carnivore Spataru et al. (1987)
Caranx crysosb X Carnivore Randall (1967); Menezes & Figueiredo (1980)
Citharichthys spilopterus® X Invertivore Castillo-Rivera et al. (2000)
Elops saurus® X Carnivore Figueiredo & Menezes (1978)
Polycentrus schomburgkii® X Carnivore Mérigoux & Ponton (1998
Awaous tajasica X Detritivore Menezes & Figueiredo (1985)
Hyphessobrycon bifasciatus X Invertivore Coutinho et al. (2000)
Total SPP 35 34 53 58

Twenty most abundant species in bold

? Non-native species

° Marine species

River reaches: UP, Upper; MU, Middle-upper; ML, Middle-lower; LO, Lower
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o Table 3 R-statistic values and their significance levels for
45 1 pair-wise comparisons of fish community structure between
summer / wet ml reaches for each season using ANOSIM
30 A
////_rﬁ, Reaches Both seasons Wet season Dry season
& 15 being Raiobar: RGiobar: RGiobar:
g up compared 0.50%* 0.52%* 0.67%*
s 0 UP vs. MU 0.19 ns 0.44 ns 0.17 ns
3 UP vs. ML 0.60%* 0.70%* 0.56%*
Z %1 o UPvs.LO  0.57%* 0.69* 0.79*%
a4 M = MU vs. ML 0.59%% 0.53* 0.57*
5 / MU vs. LO 0.40%* 0.47* 0.69%*
up ML vs. LO 0.51%%* 0.45%* 0.82%%*
0 0 500 400 800 800 1000 See text for details. River reaches: UP, Upper; MU, Middle-

Number of Individuals

Fig. 2 Individual-based rarefaction curves by reaches and
season for the species richness for the Rio Paraiba do Sul,
2003/2004. River reaches: lo, Lower; mu, middle-upper; ml,
middle-lower

restricted to the middle-upper reach; nine species
occurred only in the middle-lower reach; 18 species
(most marine) occupied just the lower reach.
Although some species were widely distributed all
over the river reaches, the catches of some species
were greater in certain specific reaches. For example,
catches of A. parahybae and R. quelen in the dry
season, and of A. facetum and P. maculatus in the wet
season came mainly from the upper reach. H. littorale
and P. maculatus came mainly from the middle-upper
reach, and O. hepsetus and G. brasiliensis from the
middle-lower and lower reaches.

Fish community structure differed substantially
across the river reaches during both the wet and dry
seasons (Table 3), although differences between the
upper and middle-upper reaches were negligible.
Across the reaches, our between-season comparison
proved non-significant (R = 0.052; P > 0.25), indi-
cating that the community structure remained relatively
unaffected. However, within the reaches, a significant
seasonal difference in the community structure was
found for the lower reach (R = 0.352; P < 0.005).

Our non-metric multidimensional scaling analysis
revealed substantial overlap in the community struc-
turing of the upper and middle-upper reaches.
However, the community structuring of the upper +
middle-upper, middle-lower, and lower reaches were
fairly distinct. Seasonal differences were apparent
only in the lower reach, whereas the remaining
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upper; ML, Middle-lower; LO, Lower. ns, non-significant;
* P <0.05; ** P <0.01

Stress: 0.23
©
*
a A
N
o
2 e
© [ ]
ol
o~ L]
2 ° e " 49 O
° . g
< . o o e u IS
o . .
o Y .
.
L ]
Axis 1

Fig. 3 Non-metric multi-dimensional scaling (MDS) by
reaches and seasons for the fish community structure data for
the Rio Paraiba do Sul, 2002/2003. Symbols: 4, Upper; A,
Middle-upper; B, Middle-lower; @, Lower. Wet season,
shaded symbols; Dry season, open symbols

reaches showed considerable overlap between the
seasons (Fig. 3).

Spatially, Geophagus brasiliensis was the most
common single species, being widely distributed
throughout all the river reaches. According to our
SIMPER analyses, the assemblages were highly
dominated by G. brasiliensis in all reaches except
for the middle-upper reach (Table 4). G. brasiliensis
and O. hepsetus were typical of the middle-lower and
lower reaches, contributing respectively to 12.6 and
13.7% of the similarity in middle-lower reach, and
11.3 and 12.8% in the lower reach. P. lineatus was
more abundant in the lower reach, contributing to
significantly higher abundances and similarity in the
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Table 4 Diagnostic species determined using SIMPER analysis for four reaches from two seasons in the Rio Paraiba do Sul,

2002/2003
Reach Both seasons Wet season Dry season
Av. Sim. Av. Abu. Av. Sim. Av. Abu. Av. Sim. Av. Abu.
Upper Av. Sim.: 26.4% Av. Sim.: 24.0% Av. Sim.: 31.3%
A. parahybae 16.3 7.3 22.4 9.0
G. brasiliensis 12.6 25.8 33.9 45.7
R. quelen 10.2 53 19.8 8.7
A. facetum 23.1 2.7
P. caudimaculaltus 16.5 5.0
Middle-upper Av. Sim.: 50.5% Av. Sim.: 46.0% Av. Sim.: 61.8%
H. littorale 14.8 23.6 17.5 28.0 11.2 17.0
P. maculatus 13.6 40.0 13.6 33.7 114 49.5
P reticulata 10.2 12.5
P. vivipara 11.6 20.0
A. bimaculatus 12.7 18.2 17.6 24.7
A. parahybae 13.0 17.0
Middle-lower Av. Sim.: 48.8% Av. Sim.: 48.6% Av. Sim.: 50.4%
O. hepsetus 13.7 24.7 13.9 33.0 12.9 13.0
G. brasiliensis 12.6 22.0 12.8 214 11.5 22.9
A. bimaculatus 11.4 8.6
H. aurogutatus 11.0 8.1
Lower Av. Sim.: 36.9% Av. Sim.: 38.4% Av. Sim.: 45.9%
O. hepsetus 12.8 4.1 15.3 4.8
G. brasiliensis 11.3 16.5 14.8 24.8
P. vivipara 19.5 79.3
H. littorale 13.5 4.1
P. lineatus 10.8 53.5

Only species that contribute to more than 10% of the average similarity within the group are shown

Av. Sim., average similarity (%); Av. Abu., average abundance (CPUE)

wet season (average abundance = 53.5 ind./sample;
average similarity = 10.8%).

Analyses of similarities percentage (SIMPER)
indicated that variability of the community struc-
ture was more pronounced in the upper (average
similarity = 26.4%) and lower reaches (average sim-
ilarity = 36.9%) than in the middle-upper (average
similarity = 50.5%) and middle-lower reaches (aver-
age similarity = 48.8%). This spatial trend of the
community structure was consistent for both seasons
(Table 4). The upper reach consistently contained
G. brasiliensis in the wet season (33.9%), but
A. parahybae and R. quelen in the dry season. In
contrast, the middle-upper reach contained H. littorale
and P. maculatus in both seasons (Table 4). The lower
reach was populated by O. hepsteus, H. littorale, and

P. lineatus in the wet season (average similar-
ity = 38.4%), but by P. vivipara and G. brasiliensis
in the dry season (average similarity = 45.9%).

On the basis of species richness, the upper river
reach was populated mainly by fish belonging to
the omnivorous and detritivorous feeding guilds,
although the number of species here was the lowest
(Table 5). The number of detritivorous species was
also high in the middle-upper and lower reaches. The
numbers of omnivorous, invertivorous, and carnivo-
rous species were highest in the middle-lower and
lower reaches (Table 5). In other words, our catches
of invertivores and carnivores increased from
upstream to downstream, whereas the omnivores
and detritivores were distributed more evenly down
the length of the river. Numerically, the number of
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Table 5 Numbers of species (center columns) and individuals
(right columns) within each feeding guild in four reaches of the
Rio Paraiba do Sul, 2002/2003

Feeding guild No. of species No. of individuals

Up MU ML LO UP MU ML LO
Detritivore 9 12 11 13 308 708 552 1,522
Omnivore 14 10 21 14 339 845 2,492 692

Carnivore 5 6 10 17 7777 609 131
Herbivore 3 2 4 3 41 5 33 3
Invertivore 4 4 6 10 12 35 138 101
Frugivore 0 0 1 0 0 0 2 0

River reaches: UP, Upper; MU, Middle-upper; ML, Middle-
lower; LO, Lower

individuals also changed longitudinally: herbivorous
individuals dominated the upper reach; omnivorous,
carnivorous, and invertivorous individuals dominated
the middle-lower reaches; detritivorous individuals
were dominant in the lower reach.

Environmental influences on fish distribution

Temperature varied spatially, increasing from the upper
to the lower reaches, with the among-reach (F = 21.93;
P < 0.001) and between-season (F = 9.94; P = 0.003)
differences being significant.

Dissolved oxygen and pH exhibited a similar
spatial pattern, although only the among-reach
differences were significant (F = 17.96; P < 0.001
and F = 6.75; P < 0.001, respectively). The dis-
solved oxygen values were significantly lower in the
middle-upper reach compared to the others. The pH
values were highest in the lower reaches, and lowest
in the upper and middle-upper reaches.

Conductivity also varied significantly among the
reaches (F = 11.64; P < 0.001), but was higher in
the middle-upper reaches and lowest in the upper
reaches, with no difference between the seasons
being evident (Table 6).

A significant correlation was found between the
matrix of species-by-sample data and the associated
environmental variables (temperature, dissolved oxy-
gen, pH, and conductivity) according to the Mantel
test (r = 0.21; P = 0.006) and was considered con-
sistent with the hypothesis that community
organization depends, at least partially, on environ-
mental factors at the basin-wide scale.

The first axis of our principal components analysis
(PCA 1; Fig. 4) separated middle-upper reach sites
having high conductivity, low dissolved oxygen, and
low pH values (lower right) and middle-lower and
lower reaches sites with the reverse conditions (lower
left). The second axis of our principal components
analysis (PCA 2; Fig. 4) separated upper reach sites
(top of diagram) from the remainder by virtue of their
higher dissolved oxygen values and lower values for
the remaining parameters. A thermal gradient sepa-
rating the upper reaches from the lower reaches was
detected by the second axis.

Regarding individual taxa, seven abundant species
(G. brasiliensis, P. vivipara, O. hepsetus, P. fur,
H. auroguttatus, and H. affinis) were widely distrib-
uted throughout the river reaches (Tables 1, 2), but
their CPUE values were not correlated with any of
the environmental variables (Table 7). In contrast,
temperature was positively associated with our
L. castaneus, C. lacustris, P. lineatus, and A. giton
catch abundances, and negatively associated with our
R. quelen and A. parahybae catches (Table 7). Higher

Table 6 Environmental data (mean =+ s.d.) from reaches and seasons of the Rio Paraiba do Sul, 2002/2003

Season Reach N Temperature (°C) Dissolved oxygen (%) pH Conductivity (uS cm™")

Wet Upper 3 229 £32 755 £ 64 72 £0.7 0.024 £ 0.004
Middle-upper 3 245 £22 50.0 £ 204 6.9 £ 0.5 0.116 £ 0.093
Middle-lower 11 263 £ 1.8 76.2 £9.7 80+ 04 0.063 £+ 0.027
Lower 8 27.1 £0.8 794 £ 4.7 82+ 0.5 0.052 £+ 0.010

Dry Upper 3 18.7 £ 3.0 64.6 £ 6.4 7.7 £ 0.1 0.026 £ 0.009
Middle-upper 2 239+£13 36.0 £ 14.7 79 +£0.2 0.133 £ 0.004
Middle-lower 6 21.1 £ 1.7 77.8 £39 7.6 £0.2 0.063 £ 0.022
Lower 6 27.8 £09 78.0 £ 16.9 8.1+03 0.065 £ 0.008

N, number of samples

@ Springer



Hydrobiologia (2009) 618:89-107

101

4 o
3_
*
2+ . o
o™~
o B .
o *
" oB o o
[ ]
g .
E 0+ .o "y O "]
é- * . %t s s
. o L}
e 4 © % A
[e)
- Fy
2 , ; , , ; ; )
-3 2 -1 0 1 2 3 4
-~ pH, Conductivity —»

Dissolved Oxygen PC1

Fig. 4 Principal Component Analysis (PCA) by reaches and
seasons for the environmental variable data for the Rio Paraiba
do Sul, 2002/2003. Symbols: 4, Upper; A, Middle-upper; B,
Middle-lower; @, Lower. Wet season, shaded symbols; Dry
season, open symbols

dissolved oxygen concentrations were positively
associated with our catches of P. lineatus and A. giton,
whereas the reverse was true for P. maculatus,
H. littorale and P. reticulata. Higher pH values
accompanied higher catches of C. lacustris and
P. lineatus, whereas catches of P. maculatus, A. par-
ahybae, and G. albescens were greater at lower pH

values. Greater catches of H. littorale, C. gilbert,
A. bimaculatus, P. maculatus, P. reticulata, T.
rendalli, and P. vivipara were accompanied by
higher conductivity values.

Discussion
Longitudinal assemblage differences

Fish species richness in the Rio Paraiba do Sul
exhibited a gradual downstream increase, as dem-
onstrated by the individual-based rarefaction curves.
Fish assemblages differed in measured species
richness among the reaches and between the two
Communities may differ in measured
species richness because of differences in underlying
species richness, the shape of the relative abundance
distribution, or the number of individuals counted or
collected (Denslow, 1995). Differences in the num-
ber of individuals counted may themselves reflect
biologically meaningful patterns of resource avail-
ability in the Paraiba do Sul reaches. However,
effects of different sampling efforts among the
reaches due to differences in the reach size could be
a confounding factor to be considered. Overall, our
findings match with the general pattern for fish
communities in riverine systems, i.e., that species
richness, diversity, and abundance gradually
increase from upstream to downstream (Welcomme,

s€asons.

Table 7 Significant
Spearman correlation
between species abundance

(CPUE) and environmental
variables

*Significant (P < 0.05);
**Highly significant

Species Temperature Dissolved pH Conductivity
(°C) oxygen (%) (uS em™)

Prochilodus lineatus 0.43%%* 0.37* 0.32%*

Astyanax parahybae —0.36* —0.42%

Astyanax giton 0.34* 0.33*

Loricariichthys castaneus 0.52%*

Crenicichla lacustris 0.47** 0.35*

Poecilia reticulata —0.34* 0.36*

Pimelodus maculatus —0.48%%* —0.43%* 0.39%

Hoplosternum littorale —0.35% 0.56%*

Glanidium albescens —0.36*

Tilapia rendalli 0.33%

Poecilia vivipara 0.32%

Astyanax bimaculatus 0.43%*

Cyphocharax gilbert 0.50%*

Rhamdia quelen —0.38%*

(P <0.01)
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1985; Bayley & Li, 1994; Cowx & Welcomme,
1998; Vila-Gispert et al., 2002). In addition, the wet
season has more species richness compared with the
dry season, attributable to the higher number of
microhabitat and available resources due to higher
water levels.

Some species additions and replacements
occurred, with the most apparent change occurring
in the lower reaches, where some marine species
were captured. P. reticulata occurred in the upper,
middle-upper, and middle-lower reaches, while its
co-generic P. vivipara occurred in middle-upper,
middle-lower, and lower reaches. The abundant
L. castanaeus and G. albescens occurred in the
middle-lower and lower reaches. P. maculatus was
widely distributed throughout all reaches, but its
co-generic P. fur was recorded in middle-lower and
upper reaches. Additionally, two abundant introduced
species (Tilapia rendali and P. reticulata) were
distributed in the whole system. It is well known
that the introduction of exotic species has harmful
effects on native fish fauna (e.g., Godinho & Ferreira,
1998). Non-native species in large numbers replacing
the natural fish fauna has been associated to low
integrity of the aquatic systems. Kennard et al. (2005)
found that the potentially strong impact that many
alien fish species can have on the biological integrity
of natural aquatic ecosystems suggest that some alien
species (particularly species from the family Poecil-
iidae) can represent a reliable “first cut” indicator of
river health. In Paraiba do Sul river, effects of
deforestation, habitat alteration, and pollution are
evident throughout the system.

The natural longitudinal changes in how large
river fish communities are structured are attributed to
the degree to which the geomorphic structure of the
river and its floodplain differ from upstream to
downstream (Hughes & Gammon, 1987; Schlosser &
Angermeier, 1990; Oberdorff et al., 1993). Along a
longitudinal extent, gradient changes in habitat
features may reflect species addition, species replace-
ment, or changing relative abundances (Gorman &
Karr, 1978; Boys & Thoms, 2006). In general, upper
river reaches are geologically young, occupy a
narrow valley, and flow swiftly because of the high
gradient. In contrast, the lower river reaches are
typically older, exhibit a low gradient, and occupy an
alluvial floodplain (Starret, 1971). The differences in
the habitat structure and complexity associated with
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these longitudinal differences may, in part, contribute
to how and how much the upper and lower river fish
communities differ.

According to the River Continuum Concept
(Vannote et al. 1980), species from the upper river
reaches would be expected to depend mainly on
exogenous sources of food provided by the riparian
vegetation and its associated fauna (i.e., they would
belong to the insectivore, frugivore, and herbivore
feeding guilds). In contrast, fishes from lower river
reaches would be expected to rely on foods either
produced directly in the river itself or those that flow
down unused from upstream reaches (i.e., because the
riparian vegetation makes a proportionally lower
trophic contribution downstream, and there is com-
paratively more organic matter deposited in the
sediment here, the fishes would tend to belong to
the carnivore, omnivore, and detritivore feeding
guilds). Contrary to these expectations, we found
that omnivorous and detritivorous fishes dominated
the Rio Paraiba do Sul as a whole, as Mazzoni &
Lobo6n-Cervia (2000) found in another tropical river
in southeastern Brazil; in addition, there are few
species (herbivores, invertivores, and frugivores) in
the upper reaches that depended on riparian vegeta-
tion. Furthermore, in the Rio Paraiba do Sul’s upper
and middle-lower reaches, omnivores were most
abundant, whereas the complex habitats of the
middle-lower and lower reaches were inhabited by
species of all the trophic guilds we considered.
Consequently, trophic guild structuring of the fish
assemblages of the Rio Paraiba do Sul appear not to
conform to the predictions of the River Continuum
Concept.

One reason for this lack of agreement may stem
from the headwaters of the Paraiba do Sul being
comprised by grasslands and meadows that provided
little in the way of riparian canopy, the existence of
which the River Continuum Concept presumes. In
addition, the RCC model was derived with relatively
pristine temperate streams in mind; it may require
adaptation before it can be applied to the more
complex systems presented by large tropical rivers,
where anthropogenic influence/alterations are a
potential confounding factor. We also recognize that
more detailed studies of the feeding habits and
preferences of the species we encountered would
contribute to more precise assignments of species to
their respective feeding guilds.
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Dam effects on assemblage structure

Compared to unregulated rivers, where we would
expect a gradual downstream increase in species
richness (Vannote et al., 1980), damming establishes
physical barriers, which impede fish movement
(especially upstream), contributing to population
isolation. In contrast, changes in the fish community
down the Rio Paraiba do Sul seem to be partially
explained by the Serial Discontinuity Concept, with
the dams providing the discontinuities. The fact that a
different fish assemblage occurred in each of the four
river reaches into which dams divided the Rio Paraiba
do Sul suggests the applicability of the Serial
Discontinuity Concept (SDC): the dams disrupt the
natural continuum of the river, and appear to have
caused upstream—downstream shifts in abiotic and
biotic parameters and processes (Ward & Stanford,
1995; Meérona et al., 2005). The observed spatial
differences in the fish community structure were
likewise considered as a potential consequence of
dams in Pegg & Pierce’s (2002) study. However,
given the lack of reference or pre-impoundment
information concerning the biophysical gradients that
occurred along each reach of the Paraiba do Sul, the
river’s large size, and the degree to which tributaries
influence the mainstem, a rigorous test of the SDS’s
predictions here is compromised. Furthermore, the
extent to which anthropogenic effects have affected
habitats here may have overwhelmed what underlying
patterns researchers might seek to detect. The mode of
dam operation (e.g., surface versus deep release and
continuous versus regulated flow) is yet another
confounding factor. However, given our knowledge
of how dams and reservoirs alter lotic fish assem-
blages (Bowen et al., 1996; Agostinho et al., 2000;
Pringle et al., 2000; Schmutz et al. 2000; Tiemann
et al., 2004), we believe that further study of how
dams have affected the Paraiba do Sul is warranted.

Seasonal effects on assemblage structure

Habitat diversity is high in river-floodplain systems
because of sediment deposition in the floodplain
forms bars, levees, swales, ox-bows, backwaters, and
side channels (Lorenz et al. 1997). Habitat complex-
ity is likewise expected to be greatest in the usually
meandering channels of rivers traversing piedmont
and coastal plain areas (Stanford & Ward 2001).

Nonetheless, even though the middle-upper reach
(slope = 0.19 m km™") of the Rio Paraiba do Sul
also possesses a floodplain, seasonal differences in
the fish community structure were shown only for the
lower reach (slope = 0.22 m kmfl): the summer/wet
season assemblage was dominated by O. hepsetus,
H. littorale, and P. lineatus, whereas the winter/dry
season assemblage was dominated by P. vivipara and
G. brasiliensis. Given its floodplain, the lack of
seasonal differences in the fish community of the
middle-upper reach suggests that damming has
somehow homogenized environmental attributes
there. A similar effect has been reported by Ward
& Stanford (1995). Seasonal flooding (lateral con-
nectivity) in the Rio Paraiba do Sul now only occurs
in the lower river reach, and it is only there that the
anticipated seasonal changes in the fish community
structure were observed.

Environmental effects on species abundance

Overall, environmental variables we examined may
influence how fishes are distributed in the Rio
Paraiba do Sul (see below), given the significant
correlation we found between our species CPUE and
environmental data, and the co-occurrence of fluc-
tuations in our catches and in the levels of certain
environmental variables. However, we recognize
that additional factors not addressed in this study
(habitat characteristics, channel geomorphology, and
biotic interactions) probably influence fish community
composition and structure as well.

Temperature

Of the Rio Paraiba do Sul’s most abundant species,
the captures of only six appear to have been
significantly associated with temperature variation:
during the dry season in the upper reach, R. quelen
and A. parahybae were mainly captured when
temperatures were lowest; during the wet season
in the lower reach, P. lineatus, L. castaneus,
C. lacustris, and A. giton were mainly captured in
lower reach, temperatures here generally being higher
than elsewhere in the river. These findings are
consistent with the well-established notion that the
differing thermal tolerances of different species affect
their distributions (Petts, 2000) and thus fish com-
munity composition. However, it is unlikely that
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differing thermal tolerances are the primary factor
influencing the fish distributions in the Rio Paraiba do
Sul. Although heightened temperatures are typically
accompanied by lower dissolved oxygen levels
(McKinsey & Chapman, 1998), the effects of the
latter are mitigated on the Paraiba do Sul by the
presence of several small waterfalls and riffles, which
increase oxygenation.

Conductivity

Conductivity is a useful water quality indicator, given
that increments are associated with increased organic
matter degradation and the ion inputs associated with
water pollution (Vega et al., 1998; Fialho et al.,
2008). For the Rio Paraiba do Sul, heightened
conductivity and lowered dissolved oxygen were
not expected to occur in the middle-upper reaches.
However, a heavily industrialized area near Site 6
carries appreciable quantities of organic and indus-
trial effluent into the river, yielding the unexpectedly
high conductivity and low dissolved oxygen readings
we recorded in this section of the river.

For fishes, disturbed areas like Site 6 constitute a
hostile environment for more sensitive species,
causing them to decrease in abundance or disappear,
and leaving them to become dominated by a few
tolerant generalist species, which increase in abun-
dance (Karr 1981; Karr et al. 1986; Soto-Galera et al.
1998). In the Rio Paraiba do Sul, the cyprinodonti-
form species P. reticulata and P. caudimaculatus
were considered highly tolerant and indicators of low
water quality (Pinto et al., 2006); P. reticulata and
P. vivipara and the silurids H. littorale and
P. maculatus were typical of the middle-upper reach,
where pollution was the greatest. Similarly, Ganasan
& Hughes (1998) found that degraded sites in the
Khan River near Indore City, India, were populated
primarily by three tolerant species (Lebistes reticu-
lata, Channa punctatus, and Heteropneustus fossilis).
Cyprinodontiforms and the silurids H. littorale and
P. maculatus are probably more adapted to thrive in
poor environmental conditions of the middle-upper
reach.

Dissolved oxygen

For tropical fishes, low dissolved oxygen levels rarely
limit their distributions because they have evolved

@ Springer

the capacity to tolerate or accommodate them
(Kramer et al., 1978). In addition, the flowing nature
of rivers rarely allows critically low or anoxic oxygen
levels to develop. For the Rio Paraiba do Sul,
dissolved oxygen levels tended to be higher in the
upper reach, where rapids caused turbulence and the
human modification of the adjacent landscape was
minimal. The middle-lower reaches of the Rio
Paraiba do Sul also maintained their oxygenation
levels during the wet season, perhaps because the
increased flow allowed for greater mixing and re-
oxygenation (Maier, 1978).

Overall, the four examined environmental vari-
ables were not primary factors for the distribution of
fish communities and the distributional patterns
probably depend on historical biogeographical crite-
ria, as dispersal barriers, migratory behavior, and
top-down factors as predation and interspecific com-
petition. An understanding of the mechanisms
determining the spatial segregation of species is of
great importance in conservation and management of
aquatic resources. Only by examining factors at
multiple scales and over a broad range of environ-
mental conditions, it will be possible to detect
patterns of influence on composition, richness, and
other aspects of the assemblage structure. The study
is a step to reach these aims and hopes to provide a
basis for management strategies in tropical rivers.

Acknowledgements We thank Bianca de Freitas Terra,
Eduardo Oliveira Estiliano, Daniel Gracia, and Paulo Cesar
Silva for help with the fieldwork. Dr. Joel Trexler provided
comments that helped to improve the manuscript. The
programme CNPq-CT-HIDRO—Brazilian Agency for Scien-
tific Development and Research supplied initial financial support
for this project (Proc. 550047-2002-6). The Rio de Janeiro
Foundation for Research Development—FAPERJ—Rio de
Janeiro Agency for Research (Cientista do Nosso Estado—
Proc. E-26/152.463/2002) funded the second part of the field
research.

References

Agostinho, A. A., S. M. Thomaz, C. V. Minte-Vera &
K. O. Winemiller, 2000. Biodiversity in the high Parana
River floodplain. In Gopal, B., W. J. Junk & J. A. Davis
(eds), Biodiversity in Wetlands: Assessment, Function
and Conservation. Backhuys. Leiden, The Netherlands:
89-118.

Almeida, V. L. L., E. K. Resende, M. S. Lima & C. J. A.
Ferreira, 1993. Diet and feeding of Prochilodus lineatus
Characiformes, Prochilodontidae in the lowlands of



Hydrobiologia (2009) 618:89-107

105

Miranda-Aquidauana, Mato Grosso do Sul State, Brazil.
Revista Unimar 15: 125-141.

Andrade, P. M. & F. M. S. Braga, 2005. Diet and feeding of
fish from Grande River, located below the Volta Grande
reservoir, MG-SP. Brazilian Journal of Biology 65:
377-385.

Aragjo, F. G., C. C. Andrade, R. N. Santos, A. F. G. N. Santos
& L. N. Santos, 2005. Spatial and seasonal changes in the
diet of Oligosarcus hepsetus (Characiformes, Characidae)
in a Brazilian Reservoir. Brazilian Journal of Biology 65:
1-8.

Aragjo, F. G., I. Fichberg, B. C. T. Pinto & M. G. Peixoto,
2003. A preliminary index of biotic integrity for moni-
toring the condition of the rio Paraiba do Sul, Southeast
Brazil. Environmental Management 32: 516-526.

Barbiere, E. B. & D. M. P. Kronemberger, 1994. Climatologia do
litoral sul-sudeste do estado do Rio de Janeiro. Caderno
Geociéncias 12: 57-73.

Barbieri, J. G. & E. P. Santos, 1980. Dinamica da nutri¢do de
Geophagus brasiliensis (Quoy & Gaimard, 1824) na re-
presa do Lobo, Campina - Sdo Paulo, Brasil. Ciéncia e
Cultura 32: 87-89.

Basile-Martins, M. A., M. N. Cipoli & H. M. Godinho, 1983.
Alimentacdo do mandi Pimelodus maculatus Lacepede,
1803 (Osteichthyes, Pimelodidae) de trechos dos rios
Jaguari e Piracicaba, Sdo Paulo, Brasil. Boletim Instituto
Pesca 13: 17-19.

Batchelor, G. R., 1978. Aspects of the biology of Tilapia
rendalli in the Doorndraai Dam, Transvaal. Journal of the
Limnological Society of Southern Africa 4: 65-68.

Bayley, P. B. & H. W. Li, 1994. Riverine fishes. In Calow, P.
& G. Petts (eds), The River Handbook: Hydrological and
Ecological Principles. Blackwell Science, Boston: 251—
281.

Bhat, A., 2004. Patterns in the distribution of freshwater fishes
in rivers of Central Western Ghats, India and their asso-
ciations with environmental gradients. Hydrobiologia 529:
83-97.

Bizerril, C. R. S. F., 1999. The icthyofauna of the Rio Paraiba
do Sul watershed. Biodiversity and biogeographics pat-
terns. Brazilian Archives of Biology and Technology 42:
233-250.

Bowen, Z. H., M. C. Freeman & D. L. Watson, 1996. Index of
biotic integrity applied to a flow-regulated river system.
Proceedings of the Annual Conference of the Southeastern
Association of Fish and Wildlife Agencies 50: 26-37.

Boys, C. A. & M. C. Thoms, 2006. A large-scale, hierarchical
approach for assessing habitat associations of fish
assemblages in large dryland rivers. Hydrobiologia 572:
11-31.

Braga, F. M. S., 2005. Feeding and condition factor of char-
acidiin fishes in Ribeirdo Grande system, southeastern
Brazil. Acta Scientiarum. Maringa 27: 271-276.

Brown, L. R., 2000. Fish communities and their associations
with environmental variables, lower San Joaquin River
drainage, California. Environmental Biology of Fishes 57:
251-269.

Camara, M. R. & S. Chellappa, 1996. Regime alimentar e
adaptagdes morfo-anatomicas do trato digestivo dos Cic-
lideos (Pisces: Cichlidae). Boletim do DOL/CB/UFRN-
Departamento de Oceanografia e Limnologia/Centro de

Biociéncias/Universidade Federal do Rio Grande do Norte
9: 59-66.

Carvalho, C. E. V. & J. P. M. Torres, 2002. The ecohydrology
of the Paraiba do Sul river, Southeast Brazil. In McClain,
M. E. (ed.), The ecohydrology of South American Rivers
and Wetlands. The IAHS Series of Special Publications.
Venice, Italy: 179-191.

Castillo-Rivera, M., A. Kobelkowsky & A. M. Chavez, 2000.
Feeding biology of the flatfish Citharichthys spilopterus
(Bothidae) in a tropical estuary of Mexico. Journal of
Applied Ichthyology 16: 73-78.

Castro, R. M. C. & L. Casatti, 1997. The fish fauna from a
small forest stream of the Upper Parana River Basin,
southern Brazil. Ichthyological Exploration of Freshwater
7: 337-352.

Clarke, K. R., 1993. Non-parametric multivariate analysis of
changes in community structure. Australian Journal of
Ecology 18: 117-143.

Clarke, K. R. & R. M. Warwick, 1994. Change in Marine
Communities: An Approach to Statistical Analysis and
Interpretation. Plymouth Marine Laboratories, Plymouth:
859.

Colwell, R. K. 2000. EstimateS: Statistical Estimation of
Species Richness and Shared Species from Samples
(Software and User’s Guide), Version 7.5.2. http://viceroy.
eeb.uconn.edu/estimates.

Costa, W. J. E., 1987. Feeding habits of a fish community in a
tropical coastal stream, rio Mato Grosso, Brazil. Studies
on Neotropical Fauna and Environment 22: 145-153.

Coutinho, A. B., E. F. Albuquerque, T. Aguiaro & C. W. C.
Branco, 2000. Alimentagao de Hyphessobrycon bifascia-
tus Ellis, 1911 (Pisces, Characiformes, Characidae) na
lagoa Cabitnas (Macaé, RJ). Acta Limnologica Brasili-
ensis 12: 45-54.

Cowgx, I. G. & R. L. Welcomme, 1998. Rehabilitation of rivers
for fish. Food and Agriculture Organization of the United
Nations (FAO), Rome: 260.

Denslow, J., 1995. Disturbance and diversity in tropical rain
forest: the diversity effect. Ecological Applications 5:
962-968.

Fausch, K. D. & R. G. Bramblett, 1991. Disturbance and fish
communities in intermittent tributaries of Western Great
Plains river. Copeia 1991: 659-674.

Fausch, K. D., J. R. Karr & P. R. Yant, 1984. Regional
application of an index of biotic integrity based on stream
fish communities. Transactions of the American Fisheries
Society 113: 39-55.

Fialho, A. P., L. G. Oliveira, F. L. Tejerina-Garro & B. Mérona,
2008. Fish-habitat relationship in a tropical river under
anthropogenic influences. Hydrobiologia 598: 315-324.

Figueiredo, J. L. & N. A. Menezes, 1978. Manual de peixes
marinhos do sudeste do Brasil. II. Teostei (1). Muzeu de
Zoologia, Universidade de Sao Paulo, Sao Paulo: 110.

Figueiredo, J. L. & N. A. Menezes, 1980. Manual de peixes
marinhos do sudeste do Brasil. III. Teleostei (2). Muzeu
de Zoologia, Universidade de Sdo Paulo, Sdo Paulo: 90.

Figueiredo, J. L. & N. A. Menezes, 2000. Manual de peixes
marinhos do sudeste do Brasil. VI. Teleostei (5). Museu
de Zoologia, Universidade de Sao Paulo, Sdo Paulo: 116.

Ganasan, V. & R. M. Hughes, 1998. Application of an index of
biological integrity (IBI) to fish assemblages of the rivers

@ Springer


http://viceroy.eeb.uconn.edu/estimates
http://viceroy.eeb.uconn.edu/estimates

106

Hydrobiologia (2009) 618:89-107

Klan and Kshipra (Madhya Pradesh), India. Freshwater
Biology 40: 367-383.

Godinho, F. N. & M. T. Ferreira, 1998. The relative influence
of exotic species and environmental factors on an Iberian
native fish community. Environmental Biology of Fishes
51: 41-51.

Gorman, O. T. & J. R. Karr, 1978. Habitat structure and stream
fish communities. Ecology 59: 507-515.

Gotelli, N. J. & R. K. Colwell, 2001. Quantifying biodiversity:
procedures and pitfalls in the measurement and compari-
son of species richness. Ecology Letters 4: 379-391.

Habit, E., M. C. Belk, R. C. Tuckfield & O. Parra, 2006.
Response of the fish community to human-induced
changes in the Biobio River in Chile. Freshwater Biology
51: 1-11.

Harpaz, S., T. Slosman & R. Segev, 2005. Effect of feeding
guppy fish fry (Poecilia reticulata) diets in the form of
powder versus flakes. Aquaculture Research 36: 996-1000.

Hartz, S. M., C. M. Silveira & G. Barbieri, 1996. Alimentacao
das espécies de Astyanax Baird & Girard, 1854 ocorrentes
na Lagoa Caconde, RS, Brasil (Teleostei, Characidae).
Revista Unimar 18: 269-281.

Hughes, R. M. & J. R. Gammon, 1987. Longitudinal changes
in fish assemblages and water quality in the Willamette
River, Oregon. Transactions of the American Fisheries
Society 116: 196-209.

Junk, J. W., P. B. Bayley & R. E. Sparks, 1989. The flood pulse
concept in river-floodplain systems, In Dodge, D. P. (ed.),
Proceedings of the International Large River Symposium.
Canadian Journal of Fisheries and Aquatic Sciences —
Special Publication 106: 110-127.

Karr, J. R., 1981. Assessment of biotic integrity using fish
communities. Fisheries 6: 21-27.

Karr, J. R., K. D. Fausch, P. L. Angermeier, P. R. Yant &
I. J. Schlosser, 1986. Assessing biological integrity in
running waters a method and its rationale. Illinois Natural
History Survey Special Publication 5, Urbana: 28.

Kennard, M. J., A. H. Arthington, B. J. Pusey & B. D. Harch,
2005. Are alien fish a reliable indicator of river health?
Freshwater Biology 50: 174-193.

Kramer, D. L., C. C. Lindsey, G. E. E. Moodie & E. D. Stevens,
1978. The fishes and the aquatic environment of the central
Amazon Basin, with particular reference to respiratory
patterns. Canadian Journal Zoology 56: 717-725.

Lolis, A. A. & I. F. Andrian, 1996. Alimentagao de Pimelodus
maculatus Lacépede, 1803 (Siluriformes, Pimelodidae) na
planicie de inundacgdo do alto rio Parana, Brasil. Boletim
Instituto Pesca 23: 187-2002.

Lorenz, C. M., G. M. Van Dijk, A. G. M. Van Hattum &
W. P. Cofino, 1997. Concepts in river ecology: implica-
tions for indicator development. Regulated Rivers:
Research & Management 13: 501-516.

Lowe-McConnell, R. H., 1975. Fish Communities in Tropical
Freshwaters: Their Distribution, Ecology and Evolution.
Longman, London: 377.

Maier, M. H., 1978. Consideragdes sobre caracteristicas lim-
nolégicas de ambientes 16ticos. Boletim do Instituto de
Pesca 5: 75-90.

Marengo, J. A. & L. M. Alves, 2005. Tendéncias hidroldgicas
da bacia do rio Paraiba do Sul. Revista Brasileira de
Meteorologia 20: 215-226.

@ Springer

Matthews, W. J., 1986. Fish faunal ‘breaks’ and stream order in
the eastern and central United States. Environmental
Biology of Fishes 17: 81-92.

Matthews, W. J., R. C. Cashner & F. P. Gelwich, 1988.
Stability and persistence of fish fauna and assemblage in
three midwestern stream. Copeia 1988: 945-955.

Matthews, W. J., J. D. Hough & H. W. Robinson, 1992.
Similarities in fish distribution and water quality patterns
in stream of Arkansas: congruence of multivariate anal-
yses. Copeia 1992: 296-305.

Mazzoni, R. & J. Lobdn-Cervia, 2000. Longitudinal structure,
density and production rates of a neotropical stream fish
assemblage: the river Ubatiba in the Serra do Mar,
southeast Brazil. 2000. Ecography 23: 588-602.

McKinsey, D. M. & L. J. Chapman, 1998. Dissolved oxygen
and fish distribution in a Florida spring. Environmental
Biology of Fishes 53: 211-223.

Menezes, N. A. & J. L. Figueiredo, 1980. Manual de peixes
marinhos do sudeste do Brasil. IV. Teleostei (3). Muzeu
de Zoologia, Universidade de Sao Paulo, Sdo Paulo: 96.

Menezes, N. A. & J. L. Figueiredo, 1985. Manual de peixes
marinhos do sudeste do Brasil. V. Teleostei (4). Muzeu de
Zoologia, Universidade de Sao Paulo, Sao Paulo: 105.

Menin, E., 1989. Anatomia funcional da cavidade bucofaringe-
ana de Gymnotus carapo Linnaeus, 1758 (Siluriformes,
Gymnotoidei, Gymnotidae). Revista Ceres 36(207):
422-434.

Menin, E. & O. M. Mimura, 1991. Anatomia funcional da
cavidade bucofaringiana de Hoplias malabaricus (Bloch,
1974) (Characiformes, Erythrinidae). Revista Ceres 38:
240-255.

Meérigoux, S. & D. Ponton, 1998. Body shape, diet and onto-
genetic diet shifts in young fish of the Sinnamary River,
French Guiana, South America. Journal of Fish Biology
52: 556-569.

Mérona, B., R. Vigouroux & F. L. Tejerina-Garro, 2005.
Alteration of fish diversity downstream from Petit-Saut
Dam in French Guiana. Implication of ecological strate-
gies of fish species. Hydrobiologia 551: 33-47.

Mol, J. H., 1995. Ontogenetic diet shifts and diet overlap
among three closely related neotropical armoured catf-
ishes. Journal of Fish Biology 47: 788-807.

National Waters Authority - ANA, 2003. Paraiba do Sul
Project. Available: http://pbs.ana.gov.br (October 2007).

Nomura, H., 1976. Fecundidade e habitos alimentares da
piava, Leporinus copelandii Steindachner, 1875 do rio
Mogi-Guassu, SP. (Osteichthyes, Anostomidae). Revista
Brasileira de Biologia 26: 269-273.

Oberdorff, T., E. Guilbert & J. C. Lucchetta, 1993. Patterns of
fish species richness in the Seine River basin, France.
Hydrobiology 259: 157-167.

Orth, D. J. & O. E. Maughan, 1984. Community structure and
seasonal changes in standing stocks of fish in a warm-
water stream. American Midland Naturalist 112: 369-378.

Ostrand, K. G. & G. R. Wilde, 2002. Seasonal and spatial
variation in a prairie stream-fish assemblage. Ecology of
Freshwater Fish 11: 137-149.

Oyakawa, O. T., A. Akama, K. C. Mautari & J. C. Nolasco,
2006. Peixes de mata Atlantica nas unidades de conser-
vacdo do vale do Rio Ribeira de Iguape no estado de Sdo
Paulo. Editora Neotrdpica, Sdo Paulo: 201.


http://pbs.ana.gov.br

Hydrobiologia (2009) 618:89-107

107

Pegg, M. A. & C. L. Pierce, 2002. Fish community structure in
the Missouri and lower Yellowstone rivers in relation to
flow characteristics. Hydrobiologia 479: 155-167.

Pelicice, F. M. & A. A. Agostinho, 2006. Feeding ecology of
fishes associated with Egeria spp. patches in a tropical
reservoir, Brazil. Ecology of Freshwater Fish 15: 10-19.

Petts, G. E., 2000. A perspective on the abiotic processes
sustaining the ecological integrity of running waters.
Hydrobiologia 422/423: 15-27.

Pfeiffer, W. C., M. Fiszman, O. Malm & J. M. Azcue, 1986.
Monitoring heavy metals pollution by the critical pathway
analysis in the Paraiba do Sul River. The Science of the
Total Environment 58: 73-79.

Pinto, B. C. T., F. G. Aradjo & R. M. Hughes, 2006. Effects of
landscape and riparian condition on a fish index of biotic
integrity in a large southeastern Brazil river. Hydrobio-
logia 556: 69-83.

Ponton, D. & S. Mérigoux, 2001. Description and ecology of
some early life stages of fishes in the River Sinnamary
(French Guiana, South America). Folia Zoology 50: 1-116.

Pringle, C. M., M. C. Freeman & B. J. Freeman, 2000. Regional
effects of hydrologic alterations on riverine macrobiota
in the new world: tropical-temperate comparisons. Bio-
Science 50: 807-823.

Randall, J. E., 1967. Food habits of reef fishes of the West
Indies. Studies in Tropical Oceanography 5: 665-847.

Roberts, T. R., 1970. Scale-eating American characoid fishes,
with special reference to Probolodus heterostomus.
Proceedings of the California Academy of Sciences 20:
383-390.

Rodrigues, S. S. & E. Menin, 2006. Anatomia da cavidade
bucofaringeana de Salminus brasiliensis (Cuvier, 1817)
(Pisces, Characidae, Salmininae). Biotemas 19: 41-50.

Rojas-Beltran, R., 1989. Quelques aspects de 1’ecologie ali-
mentaire de trois machoirans (Teleostei, Siluriformes,
Ariidae) de la Guyane. Cybium 13: 181-187.

Sabino, J. & R. M. C. Castro, 1990. Alimentagdo, periodo de
atividade e distribui¢do espacial dos peixes de um riacho
da floresta atlantica (sudeste do Brasil). Brazilian Journal
of Biology 50: 23-36.

Sazima, I., 1983. Scale-eating in characoids and other fishes.
Environmental Biology of Fishes 9: 87-101.

Sazima, 1., 1986. Similarities in feeding behaviour between
some marine and freshwater fishes in two tropical com-
munities. Journal of Fish Biology 29: 53-65.

Schlosser, I. J. & P. L. Angermeier, 1990. The influence of
environmental variability, resource abundance, and pre-
dation on juvenile cyprinid and centrarchid fishes. Polskie
Archiwum Hydrobiologii 37: 265-284.

Schmutz, S., M. Kaufmann, B. Vogel, M. Jungwirth &
S. Muhar, 2000. A multi-level concept for fish-based,
river-type-specific assessment of ecological integrity.
Hydrobiologia 423: 279-289.

Sierra, L. M., R. Claro & O. A. Popova, 1994. Alimentacion y
relaciones troficas. In Claro, R. (ed.), Ecologia de los
Peces Marinos de Cuba. Instituto de Oceanologia. Aca-
demia de Ciencias de Cuba and Centro de Investigaciones
de Quintana Roo, Mexico: 263-284.

Silvano, R. A. M., O. T. Oyakawa, B. D. Amaral & A. Begossi,
2001. Peixes do alto Rio Jurua (Amazonas, Brasil).
Editora da Universidade de Sdo Paulo, Brazil.

Soto-Galera, E., E. Daz-Pardo, E. Lopez-Lopez & J. Lyons,
1998. Fish as indicators of environmental quality in the
Rio Lerma Basin, Mexico. Aquatic Ecosystem Health &
Management 1: 267-276.

Spataru, P., W. J. A. R. Viveen & M. Gophen, 1987. Food
composition of Clarias gariepinus (= C. lazera) (Cyprini-
formes, Clariidae) in Lake Kinneret (Israel). Hydrobiologia
144: 77-82.

Stanford, J. A. & J. V. Ward, 2001. Revisiting the serial dis-
continuity concept. Regulated Rivers: Research &
Management 17: 303-310.

Starret, W. C., 1971. Man and the Illinois River. In Oglesby,
R. T, C. A. Carlson & J. A. McCann (eds), River ecology
and the impacts of man. Academic Press, New York:
131-169.

Talde, C. M., A. C. Mamaril & M. L. D. Palomares, 2004. The
diet composition of some economically important fishes in
the three floodplain lakes in Agusan Marsh wildlife
sanctuary in the Philippines. Sri Lanka Journal of Aquatic
Science 9: 45-56.

Teixeira, R. L., 1994. Abundance, reproductive period, and
feeding habits of eleotrid fishes in estuarine habitats of
north-east Brazil. Journal of Fish Biology 45: 749-761.

Thorne, R. J., W. P. Williams & Y. Cao, 1999. The influ-
ence of data transformations on biological monitoring
studies using macroinvertebrates. Water Research 33:
343-350.

Tiemann, J. S., D. P. Gillette, M. L. Wildhaber & D. R. Edds,
2004. Effects of lowhead dams on riffle-dwelling fishes
and macroinvertebrates in a midwestern river. Transac-
tions of the American Fisheries Society 133: 705-717.

Vannote, R. L., G. W. Minshall, J. R. Sedell & C. E. Cushing,
1980. The river continuum concept. Canadian Journal of
Fisheries and Aquatic Sciences 37: 130-137.

Vega, M., R. Pardo, E. Barrado & L. Deban, 1998. Assessment
of seasonal and polluting effects on the quality of river
water by exploratory data analysis. Water Research 32:
3581-3592.

Vila-Gispert, A., E. Garcia-Berthou & R. Moreno-Amich,
2002. Fish zonation in a Mediterranean stream: effects of
human disturbances. Aquatic Sciences 64: 163-170.

Ward, J. V. & J. A. Stanford, 1995. The serial discontinuity
concept: extending the model to floodplain rivers. Regu-
lated Rivers: Research and Management 10: 159-168.

Ward, J. V., U. Tockner, U. Uehlinger & F. Malard, 2001.
Understanding natural patterns and processes in river
corridors as the basis for effective river restoration. Reg-
ulated Rivers: Research and Management 17: 311-323.

Welcomme, R. L., 1985. Rivers fisheries. FAO Technical paper
262. Food and Agriculture Organization of the United
Nations (FAO), Rome: 330.

Weliange, W. S. & U. S. Amarasinghe, 2003. Accounting for
diel feeding periodicity in quantifying food resource
partitioning in fish assemblages in three reservoirs of Sri
Lanka. Asian Fisheries Science 16: 203-213.

Williams, J. D., K. O. Winemiller, D. C. Taphorn & L. Balbas,
1998. Ecology and status of piscivores in Guri, an oligo-
trophic tropical reservoir. North American Journal of
Fisheries Management 18: 274-285.

Wootton, R. J., 1990. Ecology of teleost fishes. Chapman &
Hall, London: 404.

@ Springer



	Longitudinal patterns of fish assemblages in a large tropical river in southeastern Brazil: evaluating environmental influences and some concepts in river ecology
	Abstract
	Introduction
	Materials and methods
	Study region
	Fish sampling
	Locations
	Nets

	Data analysis

	Results
	Fish assemblages
	Environmental influences on fish distribution

	Discussion
	Longitudinal assemblage differences
	Dam effects on assemblage structure
	Seasonal effects on assemblage structure
	Environmental effects on species abundance
	Temperature
	Conductivity
	Dissolved oxygen


	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


