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ABSTRACT. Changes in fish assemblage structure along a longitudinal gradient of the Paraiba do Sul River and Funil

reservoir were studied to detect distribution patterns and the seasonal influence of the inflowing river. Fish were caught

by gill nets in three zones (riverine, transition and lentic) during two seasons (dry and wet). A total of 3,721 individuals

were captured, comprising five orders, 14 families, 27 genera and 33 species. Five species were non-native and amounted

to 17.7% of the total number of individuals. The 10 most abundant species were used to assess spatial-temporal pat-

terns. Plagioscion squamosissimus (Heckel, 1840), Oligosarcus hepsetus (Curvier, 1829) and Metynnis maculatus (Kner,

1858) were widely distributed in both seasons. Astyanax bimaculatus (Linnaeus, 1758), Cichla kelberi Kullander & Ferreira,

2006 and Geophagus brasiliensis (Quoy & Gaimard, 1824) had higher abundance in the dry season, occurring mainly in

the lentic zone. By contrast, the benthopelagics Pimelodus maculatus La Cépede, 1803 and Astyanax parahybae (Eigenmann,

1908) and the benthics Hoplosternum littorale (Hancock, 1828) and Hypostomus auroguttatus Kner, 1854 had higher

abundance in the wet season, with the two first species occurring mainly in the riverine zone, and latter two species in

the transition zone. The highest diversity for both seasons was recorded in the transition zone, which is an ecotone that

allows the co-existence of both riverine and lentic species. A major shift in assemblage structure occurred along the

longitudinal gradient due to changes in discharge of the inflowing river, with increased fish abundance in the riverine

zone caused by increased habitat availability in wet season, and the reverse of this situation in the dry season.
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Water flow represents the main force behind freshwater
ecosystems (Porr et al. 1997), determining the distribution,
abundance, and diversity of stream and river organisms
(ScHrosser 1982, Porr & ALLan 1995, Warp et al. 1999, NiLssoN &
Svepmark 2002). The movement of water across the landscape
influences the ecology of rivers across a broad range of spatial
and temporal scales (VANNOTE et al. 1980, Porr et al. 1997, Sparks
1995). River flow strongly influences the ichthyofauna. By regu-
lating the input of organic matter, it affects the phenology of
reproduction and spawning behavior of local fish assemblages,
and determines habitat diversification.

Despite the well-known importance of river flow, an in-
crease in river damming that compromises freshwater systems
has taken place around the world. This process, so intense and
dramatic, results in the creation of a new ecosystem (BAXTER
1977) with its own ecological characteristics. The suppression
of natural flow regimes has far-reaching impacts. It alters pris-
tine hydrological dynamics, disturbs historical patterns of bio-
logical production, and changes the distribution of organisms
in space and time (NiLsson et al. 2005). Seasonal variations in

water level also have direct influences on the structure of spe-
cies assemblages along the longitudinal gradient due to changes
in water features (e.g. transparency and allochthonous mate-
rial input), habitat availability (mainly in the riverine zone)
and food resources. These new environmental conditions in
impounded areas, which include increased water transparency,
favor the colonization by opportunists (e.g. characins) and non-
native carnivores (e.g. cichlids) that make more intensive use
of vision.

The Paraiba do Sul River is one of the most used lotic
systems in Brazil. A series of dams have been built along the
longitudinal axis of this river that crosses large urban-indus-
trial centers (Araujo 1996, BizerriL 1999). Among these, the Funil
reservoir stands as the largest impoundment for hydroelectric
power generation in this river. Its basin has a longitudinal pro-
file, following the river bed, and the river-reservoir gradient is
characterised by three differentiated zones (riverine, transition
and lentic). Below the dam, the water flow is regulated accord-
ing to the requirements of the hydroelectric power plant. The
stabilization of the natural flood pulse and the impairment of
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migratory routes for fish caused by the dam (absence of mecha-
nism for upstream migrations) are among the main disturbances
to the system downstream of the dam (MarenGo & Arves 2005).
Other impairments present in this environment are increased
nutrient concentrations and cyanobacterial blooms which have
transformed this reservoir into a eutrophic system (RocHa et al.
2002) with high sedimentation, lack of riparian vegetation,
uncontrolled introduction of species, and the absence of con-
trol or surveillance of fisheries.

The present study aimed to describe the patterns of di-
versity in the fish assemblage of the Paraiba do Sul River — Funil
reservoir system along three zones (riverine, transition and len-
tic) and two seasons (dry and wet). To accomplish this, we at-
tempted to establish correlations between environmental al-
terations caused by changes in discharge of the inflowing river
and shifts in the structure of the fish assemblage.

MATERIAL AND METHODS

The Paraiba do Sul River is the largest fluvial drainage
basin in the state of Rio de Janeiro. It flows through the three
most economically important states in Brazil: Sao Paulo, Rio
de Janeiro and Minas Gerais. This 1,100 km long river provides
drinking water for domestic and public consumption, includ-
ing irrigation, industrial self-supply systems, aquaculture and
hydroelectric power generation (Branco et al. 2002). However,
a growing increase in the discharge of pollutants, suspended
solids and nutrients into the Paraiba do Sul, along with con-
secutive impoundments along its longitudinal axis have raised
a series of environmental concerns.

The Funil reservoir (22°30’-22°40’S, 44°30’-44°45’W), lo-
cated at the middle portion of the Paraiba do Sul River (Fig. 1),
started operating in 1969 under a concession of the Furnas
Centrais Elétricas S.A. This 20 km long reservoir has a flooded
area of approximately 40 km? and a short retention time (10-
50 days), which results in great variations in water levels and
substantial erosion of the banks. The main purposes of the Funil
reservoir are to generate electricity and to reduce the frequency
and intensity of floods in cities downstream.

Depending on the shape and area of a reservoir, a longi-
tudinal hydrological gradient may develop from the dam (len-
tic zone) to upstream reaches (riverine zone), showing inter-
mediate characteristics in middle stretches (transition zone),
with lentic and lotic features (KimmvrL et al. 1990). These three
zones are well defined in the Funil reservoir, and were chosen
to assess the longitudinal gradient. The riverine zone is a typi-
cal lotic environment with faster water flow when compared
with the other two zones. In the wet season, the water covers
part of the riparian vegetation, increasing shelter availability
and nutrient input. The transition zone is an ecotone between
the riverine and lentic zones. It has a riprap (a structure made
from a variety of rock types used to armor shorelines against
scouring water or other kinds of erosion) that protects a nearby
highway from flooding, besides increasing habitat heteroge-
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Figure 1. Studied area with indication of the sampled zones: river-
ine (1), transition (2) and lentic (3).

neity and bank stability. The lentic zone is deeper and more
transparent than the other zones, having an extensive and
unprotected shore area due to draw-down of the reservoir wa-
ter.

Sampling was carried out monthly, between October 2006
to September 2007 (except May and July). In each zone, four
sites were chosen randomly. Three gill nets (50 x 3 m; stretch
mesh 25, 50 and 75 mm) were set up at sunset and retrieved in
the following morning at each site. The sampling unit was de-
fined as the sum of fish caught in the four sites.

The fish collected were fixed in formalin 10% for 48 hours
and subsequently transferred to ethanol 70%. Fish were
indentified following the compilation of Fowter (1948, 1950,
1951, 1954) and Rers et al. (2003), or by consulting specialists
and museum curators. Vouchers were deposited in the refer-
ence collection of the Laboratoério de Ecologia de Peixes of the
Universidade Federal Rural do Rio de Janeiro.

In order to investigate temporal variations in fish assem-
blage, we used the daily rainfall and flow data provided by the
Furnas Centrais Elétricas S.A for the sample period. We consid-
ered the wet season as corresponding to the months with high-
est accumulated precipitation (October 2006 to February 2007),
and the dry season as the months with lowest precipitation
(March to September 2007) (Fig. 2).

Comparisons of mean number of individuals and spe-
cies (richness), diversity, evenness and dominance were per-
formed among zones and seasons by two-way analysis of vari-
ance and a post hoc Fisher LSD test. Diversity was estimated
by the Shannon index (Macurran 1988). Evenness was calcu-
lated as Shannon diversity divided by the logarithm of num-
ber of species. The values of Dominance is given by the
complement of the Simpson’s index (D =1 - S). These indices
were analyzed using the statistical package PAST (HammEr et
al. 2001).
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Figure 2. Monthly accumulated precipitation and flow during the
sampling period.

We also compared abundance of the 10 most numerous
species among zones and seasons by using the non-parametric
Kruskal-Wallis test, followed by the multiple comparisons of
the mean rank for all groups (p < 0.05).

RESULTS

A total of 3,712 individuals, comprising five orders, 14
families, 27 genera and 33 species were caught (Tab. I).
Characiformes predominated with 15 species (45.5%), followed
by Siluriformes with nine (27.3%) and Perciformes with six
(18.2%) species. Gymnotiformes and Symbranchiformes were
represented by only two (6%) and one (3%) species, respec-
tively. Characidae had the highest richness (8) comprising
24.3% of the total number of species, followed by Cichlidae
and Loricariidae with four species each. Characidae was also
the most abundant, contributing with 52.1% of total individu-
als and 20.2% of the total biomass.

The 10 most numerous species represented 88.7% of the
total catch and 73% of total biomass, and were used to assess
temporal and spatial patterns. The five most abundant species
were, in decreasing order: Astyanax bimaculatus (Linnaeus,
1758), Pimelodus maculatus La Cépede, 1803, Hoplosternum
littorale (Hancock, 1828), Plagioscion squamosissimus (Heckel,
1840) and Metynnis maculatus (Kner, 1858). Collectively, they
contributed to 74.9% of the total number of individuals and
56.4% of the total biomass. Eight species contributed to less
than 0.1% of the total number of individuals and eight
amounted less than 0.1% of total biomass (Tab. I).The species
that most contributed to the biomass were P. maculatus, A.
bimaculatus, P. squamosissimus, H. littorale and Hoplias
malabaricus (Bloch, 1794).

Only five species — A. bimaculatus, P. maculatus, P.
squamosissimus, Hypostomus auroguttatus Kner, 1854 and
Oligosarcus hepsetus (Curvier, 1829) — were classified as frequent,
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occurring in more than 75% of the samples. Five non-native
species — Cichla kelberi Kullander & Ferreira, 2006, M. maculatus,
P. squamosissimus, Oreochromis niloticus (Linnaeus, 1758) and
Piaractus mesopotamicus (Holmberg, 1887) — were also collected,
comprising 17.7% of the total number of individuals.

Plagioscion squamosissimus, O. hepsetus, and M. maculatus
were widely distributed over the three zones during both sea-
sons (Tab. II). By contrast, A. bimaculatus, C. kelberi and
Geophagus brasiliensis (Quoy & Gaimard, 1824) occurred mainly
in the lentic zone during the dry season (Fig. 3 and Tab. II). In
the wet season, P. maculatus and Astyanax parahybae
(Eigenmann, 1908) were more abundant in the riverine zone,
while H. littorale and H. auroguttatus predominated in the tran-
sition zone (Fig. 3 and Tab. II). Geophagus brasiliensis was the
only species with restricted distribution in the reservoir zones
(lentic and transition), peaking in the dry season.
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Figure 3. Average values and standard error (vertical lines) for fish
species that differed significantly among zones and seasons.
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Table I. Number of specimens (N), standard length range (SL, in mm), total biomass (B, in kg) and frequency of occurrence (FO) of the
fish sampled in the Paraiba do Sul River — Funil reservoir system (*, non-native species). S = species richness.

Riverine (S =23)  Transition (S=28) Lentic (S = 25) N %N B %B  %FO SL

Species
N B N B N B
Characiformes
Anastomidae
Leporinus copelandii Steindachner, 1875 33 10.4 20 3.7 2 0.7 55 1.5 148 52 53.3 164-435
Leporinus conirostris Steindachner, 1875 13 6.5 26 9.3 3 0.5 42 1.1 163 58 33.3 248-354
Leporinus mormyrops Steindachner, 1875 1 0.1 3 0.1 - - 4 0.1 0.2 <0.1 6.7 160 - 185
Characidae
Astyanax bimaculatus (Linnaeus, 1758) 366 12.6 418 10.3 718 10.7 1501 40.4 33.6 11.8 96.7 89-149
Astyanax parahybae (Eigenmann, 1908) 114 4.5 4 0.2 10 0.2 128 34 49 1.7 433 90-140
Astyanax sp. - - - - 1 0.01 1 <0.1 0.0 <0.1 3.3 120
Brycon insignis Steindachner, 1877 1 0.1 1 0.1 - - 2 <01 0.2 <01 6.7 180-190
Probolodus heterostomus Eigenmann, 1911 - - 1 0.2 18 0.0 19 0.5 0.2 <0.1 6.7 107 -126
Oligosarcus hepsetus (Curvier, 1829) 24 3.7 16 2.8 22 3.8 63 1.7 103 3.6 76.7 149-303
Metynnis maculatus (Kner, 1858)* 11 0.4 190 6.7 16 0.6 216 58 7.7 2.7 40.0 118-149
Piaractus mesopotamicus (Holmberg, 1887)* 3 0.1 - - 1 0.0 4 0.1 0.2 <0.1 6.7 100-122
Crenuchidae
Characidium lauroi Travassos, 1949 1 - 2 0.0 - - 3 <0.1 0.0 <0.1 6.7 204 - 209
Curimatidae
Cyphocarax gilbert (Quoy & Gaimard, 1824) 18 3.0 5 0.5 - - 23 06 35 13 10 180-230
Erythrinidae
Hoplias malabaricus (Bloch, 1794) 18 6.2 19 8.7 8 2.6 45 1.2 175 6.2 733 150-417
Hoplerythrinus unitaeniatus (Agassiz, 1829) 3 0.4 5 1.0 1 0.1 9 02 1.7 0.6 20.0 171-220
Siluriformes
Callichthyidae
Callichthys callichthys (Linnaeus, 1758) 16 1.0 8 1.2 2 0.1 25 0.7 24 09 133 125-172
Hoplosternum littorale (Hancock, 1828) 70 8.0 115 14.5 37 5.1 222 6.0 27.6 9.7 70.0 127-210
Loricariidae
Hypostomus affinis (Steindachner, 1877) 21 4.8 17 2.8 7 1.2 45 1.2 8.8 3.1 46.7 248-354
Hypostomus auroguttatus Kner, 1854 26 5.8 66 10.1 7 1.4 100 27 173 6.1 83.3 190-354
Rineloricaria sp. - - 2 0.0 1 0.0 3 <01 01 02 6.7 135-160
Rhinelepis aspera Spix & Agassiz, 1829 - - 5 1.0 - - 5 0.1 1.0 0.6 6.7 249-275
Pimelodidae
Pimelodus maculatus La Cépede, 1803 422 33.2 135 15.8 70 9.5 627 16.9 58.5 20.7 90.0 98-350
Pimelodus fur (Liitken, 1874) - - - - 2 0.1 2 <0.1 0.1 <0.1 6.7 123 -149
Auchenipteridae
Glanidium albescens Liitken, 1874 1 0.4 - - - - 1 <0.1 0.4 0.1 33 145
Gymnotiformes
Gymnotidae
Gymnotus carapo Linnaeus, 1758 10 0.5 26 2.0 1 0.1 37 1.0 25 09 400 237-341

Continue
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Table I. Continued.

Riverine (S =23)  Transition (S=28) Lentic (S = 25) N %N B %B  %FO SL
Species
N B N B N B
Sternopygidae
Eigenmannia virescens (Valenciennes, 1842) 7 0.3 1 0.0 - - 8 0.2 04 0.1 10.0 209 -300
Symbranchiformes
Synbranchidae
Synbranchus marmoratus Bloch, 1795 - - - - 1 0.1 1 <0.1 0.1 <0.1 3.3 415
Perciformes
Sciaenidae
Pachyurus adspersus Steindachner, 1879 2 0.1 2 0.0 9 1.6 13 04 1.8 0.6 20.0 215-252
Plagioscion squamosissimus (Heckel, 1840)* 77 9.8 70 14.3 69 8.0 217 58 321 11.3 86.7 105-360
Cichlidae
Cichla kelberi Kullander & Ferreira, 2006 * 3 0.4 7 0.7 201 7.8 211 57 9.0 32 46.7 110-271
Crenicichla lacustris (Castelnau, 1855) - - 1 0.3 - - 1 <0.1 0.3 0.1 33 290
f;gi;’ag“s brasiliensis (Quoy & Gaimard, - - 45 43 28 28 73 20 71 25 500 139-228
Oreochromis niloticus (Linnaeus, 1758)* - - 3 0.2 5 0.9 8 0.2 1.2 04 20.0 230-316
Total 1261 112.7 1211 111.5 1240 589 3712 100.0 283.0 100.0

Table Il. Results of Kruskall-Wallis (H) comparisons for numerical abundance of the 10 most numerous fish species among zones: (RZ)
riverine, (TZ) transition, (LZ) lentic, for each season. (Post-hoc) Test for multiple comparisons of the mean rank for all groups; (n.s.) no

significant; (*) significant (p < 0.05); (**) highly significant (p < 0.01).

Wet season Dry season
Species

H Post-hoc H Post-hoc
Astyanax bimaculatus n.s - 6,40** LZ > RZ
Astyanax parahybae 18,46** RZ>TZelZ n.s -
Cichla kelberi n.s - 16,48** LZ >RZ
Geophagus brasiliensis n.s - 19,67** LZ > RZ
Hypostomus auroguttatus 15,69** TZ>1Z n.s -
Hoplosternum littorale 8,45* TZ>1Z n.s -
Metynnis maculatus n.s - n.s -
Oligosarcus hepsetus n.s - n.s -
Pimelodus maculatus 13,66** RZ >1Z n.s -
Plagioscion squamosissimus n.s - n.s -

In the riverine zone the number of species and the num-
ber of individuals were significantly higher (p < 0.05) in the
wet season, when compared with the dry season (Fig. 4 and
Tab. III). In the remaining zones there was no significant dif-
ference in these parameters between seasons, although the
number of individuals was higher in the transition zone in the
wet season and in the lentic zone in the dry season.

The Shannon diversity and Dominance had an inverse
pattern. The first was higher in the wet season, and the latter
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in the dry season across all zones (Fig. 4 and Tab. III). The Sh-
annon diversity was comparatively higher in the transition zone
in both seasons, while the Dominance was higher in the lentic
zone.

The Evenness differed significantly (p < 0.05) among the
zones during the dry season, being higher in the riverine zone
and lower in the lentic zone. During the wet season there were
no significant differences among the zones (Fig. 4 and Tab.
II).
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DISCUSSION

A major difference in the structure of the fish assem-
blage was detected along the longitudinal stretches of the
Paraiba do Sul - Funil reservoir system, featuring a more abun-
dant and rich assemblage in the riverine zone during the wet
season, and the opposite situation in the dry season. The pat-
tern found in the wet season is probably a result of increased
habitat availability and higher amounts of allochthonous
material brought into the river. Flooding brings allochthonous
food resources to fish, creating a greater abundance and di-
versity (HenDErRsON 1990) of food that reduces competition for
this resource. Furthermore, fish species tend to remain in en-
vironments that maintain the original fluvial characteristics
or in those with great habitat heterogeneity, i.e., tributaries

and lotic stretches upstream (AcostiNHO et al. 2007). In our
data, the highest richness found in the riverine zone during
the wet season confirms this trend. Generally, the biological
rhythm of most tropical freshwater fish is synchronic with
the flood pulse (Lowe-McConner 1999), which coincides with
higher temperatures and precipitation (MeNEzes ef al. 1998).
Thus, it was expected that the river upstream of the reservoir
would have increased number of individuals and species dur-
ing the wet season.

On the other hand, the droughts characteristic of the
dry season cause a decrease in water levels and abundance of
allochthonous material. This tends to restrict upstream habi-
tats. During droughts, the lentic zone could be used by the
ichthyofauna as refuge, since it provides more environmen-
tally stable conditions due to greater depth, and consequently,
greater water volume. This hypothesis is supported by the fact
that species that are more frequent in the dry season, such as
the cichlids C. kelberi and G. brasiliensis, and the characin A.
bimaculatus, were more abundant in this zone. Cichlids species
are exceptional because they have well developed vision
(GorpsteIN 1973) and can take advantage of the increased trans-
parency of lentic zones to chase their prey. Additionally, spe-
cies such as G. brasiliensis and C. kelberi benefit from drought
conditions, where the input of allochthonous material from
upper stretches is reduced. Sediments in suspension increase
the attenuation of light in the water column (Kirk 1983), re-
ducing the penetration and extension of visual species that
mainly use this sense to forage (Davies & SmitH 2001).

Previous studies have found higher fish diversity in the
upstream reaches of reservoirs, where the water flow is faster,
than in the lentic zone closer to the dam (Horrmann et al. 2005,
Britro & Carvarno 2006, PetessE ef al. 2007). By contrast, in this
study the transition zone had the highest Shannon diversity
and number of recorded species. As pointed out by OLIVEIRA et
al. (2003) lotic and lentic species may co-exist and use this
habitat temporally, thus increasing local species richness and
diversity, and we postulate that this might have been the case
in our study. Ecotones play an important role in fish diversity
(Korasa & Zatewskt 1995) and community structure (WiLLis &
MaagnusoN 2000) in reservoirs, insofar as they usually have spe-
cific features such as physical shelters, well developed riparian
vegetation and spawning areas.

It is recognized that reservoirs typically support fewer
fish species than their associated rivers, often as a result of large-
scale changes in temperature, turbidity, flow, allochthonous
nutrient inputs, and availability of food resource regimes (WiL-
Liams et al. 1998). However, another factor that greatly contrib-
utes to a reduction in biodiversity is the barrier created by the
river damming, which increases the probability of regional
extinction of rheophilic species. Only 33 species were recorded
in this study, indicating comparatively low fish richness when
compared with other surveys carried out in other stretches
downstream in the Paraiba do Sul River. Aravjo et al (2001)
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Table Ill. Two-way analysis of variance comparisons for number of species, individuals, Dominance, Shannon and Evenness indices among
zones: (RZ) riverine zone, (TZ) transition zone, (LZ) lentic zone, and seasons: (w) wet, (d) dry. (FLSD) Test of Fisher, (n.s.) no significant,

(*) significant (p < 0.05).

Species Number of fish Dominance Shannon Evenness
Effect F FLSD F FLSD F FLSD F FLSD F FLSD
Season (S) 4.35* RZw > LZd 4.21* RZw > LZd n.s. - n.s. - n.s. -
Zone (Z) n.s. - n.s. - n.s. - n.s. - 3.93* RZd > Lzd
Interaction S vs. Z n.s. - n.s. - n.s. - n.s. - n.s. -

recorded 52 species in the main channel, in a stretch of ap-
proximately 50 km (Barra Mansa to Barra do Pirai). Aravjo &
Nunan (2005) recorded 61 species in a stretch of 112 km situ-
ated between the Funil and Santa Cecilia (Barra do Pirai) dams.
In this study, the low number of species recorded when com-
pared with downstream stretches is an indication that the Funil
dam is limiting the upstream richness, a clear result of the ab-
sence of a mechanism that allows fish migration. However,
comparisons of the number of species between different sites
should be analyzed with caution, because the results may be
dependent on the area sampled and the effort applied.

Among the abundant species, G. brasiliensis was the only
species captured only in reservoir zones (transition and len-
tic), indicating that this species is very suitable for lentic envi-
ronments. It has an extraordinary capacity to adapt to lentic
conditions, being is one of the most common species in Brazil,
and abundant in lakes and reservoirs of the State of Rio de
Janeiro (BizerriL 1999). The detritivorous-iliophagous
(MEscHIANTTI 1995) or omnivorous (AGuiaro & CarRAMASHI 1998)
feeding habits of G. brasiliensis favor the success of this species
in reservoirs. According to Lowe-McConNELL (1999), abrupt
changes in habitat have a particularly intense effect on the
availability of food, favoring generalist species because they
have great trophic plasticity.

The practice of introducing non-native species into re-
cently built reservoirs, often harmful to the native population
structure, is common for a variety of reasons (McDowaLL 1968),
e.g. sport fishing and fish farming. Some fish populations de-
cline due to overfishing, environmental changes, and compe-
tition with non-native species (Lowe-McConneLL 1990). Cichla
kelberi is a native species from the Araguaia River drainage and
lower Tocantins River, with great predation ability. The coloni-
zation success of this species depends on the presence of a broad
littoral zone, since shallow and marginal areas are used to spawn
(WiLLiawms et al. 1998). This condition can be found in the lentic
zone, especially during the dry season, when this species was
captured in abundance. Plagioscon squamosissimus is another
native species from the Amazon basin (BeNNEMANN et al. 2006).
This species produces small, pelagic and buoyant eggs spawned
in several batches during the reproductive season (AGosTINHO et
al. 1999), using this reproductive strategy for colonization and
spread over wide areas in reservoirs.
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Seasonal and spatial differences in the occurrence of A.
bimaculatus and A. parahybae may be associated with mecha-
nisms to avoid competitive exclusion by these two closely-re-
lated species. GomIEro & Braga (2005), after studying species of
Astyanax Baird and Girard, 1854, suggested that the exploita-
tion of different microhabitats, in combination with diet, in-
dicate that food resources are shared without competition.
According to BenepITO-CECiLio & AcosTiNHO (1997), small spe-
cies, such as some characins, can be classified as opportunistic
because of their high reproductive potential, trophic plastic-
ity, low longevity and tolerance to environmental constraints.
These species generally predominate in lentic environments
(CastrO & Arcira 1987, SmitH et al. 2003), especially in littoral
areas, and are adapted to live in these habitats modified by
humans (SmitH et al. 2003, AcostinHo et al. 2007). A clear spatial
segregation found in this study suggests that A. bimaculatus is
more adapted to lentic systems, with peaks in the dry season,
while A. parahybae is more adapted to lotic systems.

The comparatively highly structured habitat of the transi-
tion zone, comprised of stones and rocks of different sizes used
in the riprap may be associated with the high abundance of H.
auroguttatus. In general, loricarids are present in places where
stones and rocks predominate. CaramascHi (1994) recorded that
Hypostomus spp. are associated with imbedded rock formation
and runs. Therefore, both the physical habitat and the typical
increase of water flow during the wet season contribute to higher
occurrence of H. auroguttatus in the transition zone.

Resilience is an important factor determining the per-
manence of a species in environments that are susceptible to
changes, such as reservoirs. Hoplosternum littorale, typical of
muddy habitats, has several physiological adaptations that
enable individuals to tolerate impacted environments, such as
the ability to breathe atmospheric oxygen (CarTErR & BEADLE
1931) and blood cell modifications that ensure greater efficiency
during hypoxia (Acura & Sanz 1992). These characteristics fa-
vor the success of this species in reservoir colonization. The
distribution pattern revealed for this species in our work is con-
sistent with the findings of Trixera ef al. (2005), who found
that H. littorale is abundant at the middle-upper stretch of the
Paraiba do Sul River during the flood period.

Pimelodus maculatus is known as a migratory species that
needs fewer free river stretches to spawn than other Neotropi-
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cal migrants (AcostiNHO et al. 2003). This species was widely
distributed during the dry season. By contrast, it was found
mainly in the riverine zone in the wet season, possibly for re-
productive purposes. It is widely known that reproduction of
most species, particularly migrant species, coincides with the
rainy season and high temperatures (Lowe-McConNeLL 1975,
Santos & Ferrelra 1987, VazzoLer et al. 1997). In spite of the
river obliteration, this species has high resilience, since it was
one of the most abundant and widely distributed fish in the
Paraiba do Sul - Funil reservoir system.
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