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Abstract

Damming rivers disrupts the water flow and changes the ichthyofauna organisation. We investigated an impoundment
with permanent connection and homogeneous environmental conditions between the zones above and below the dam.
Temperature was comparatively higher during wet season irrespective of zone, and both zones had higher dissolved
oxygen, conductivity and transparency in the dry season. A total of 1687 individuals comprising 27 species were col-
lected in the downriver zone, while the reservoir had 879 individuals and 23 species. Each zone had different fish as-
semblage composition and structure, but assemblages were not explained by the examined environmental variables (r2

= 0.08; p = 0.307). Migratory species such as Pimelodus maculatus, Pimelodus fur, Leporinus copelandii and
Prochilodus lineatus were the most affected, and probably are prevented to perform upriver migrations. On the other
hand, lentic adapted species such as G. brasiliensis, Hoplias malabaricus and Hoplosternum littorale successfully
colonised the reservoir. Therefore we conclude that the presence of the lateral hydrological connectivity alone does not
guarantee the ecological connectivity since fish assemblage similarity differed between the two zones. Fish passage fa-
cilities should be monitored and managed to evaluate and improve their functionality.

Keywords: reservoirs, ichthyofauna, fish migration, river connectivity, Paraíba do Sul River.

Avaliando a similaridade das assembléias de peixes acima e abaixo de uma barragem de

um reservatório Neotropical com obliteração parcial

Resumo

O represamento de rios interrompe o fluxo de água e altera a organização da ictiofauna. Nós investigamos um
represamento com conexão hidrológica permanente e homogêneas condições ambientais entre as zonas acima e abaixo
da barragem. A temperatura foi comparativamente mais elevada na estação chuvosa independente da zona, e ambas as
zonas apresentaram maior oxigênio dissolvido, condutividade e transparência na estação seca. Um total de 1687
indivíduos compreendendo 27 espécies foi coletado na zona de rio abaixo da barragem, enquanto 879 indivíduos e 23
espécies foram registrados no reservatório. Cada zona teve assembléias de peixes com diferente composição e
estrutura, mas as assembléias não foram explicadas pelas variáveis ambientais examinadas (r2 = 0.08; p = 0.307).
Espécies de peixes migratórias, como Pimelodus maculatus, Pimelodus fur e Prochilodus lineatus foram as mais
afetadas, e, provavelmente, são impedidas de realizar migrações rio acima. Por outro lado, espécies adaptadas a
ambientes lênticos tais como G. brasiliensis, Hoplias malabaricus e Hoplosternum littorale colonizaram o reser-
vatório com sucesso. Portanto, concluímos que a presença da conectividade hidrológica lateral sozinha não garante a
conectividade ecológica já que a similaridade da assembleia de peixes diferiu entre as duas zonas. A passagem de
peixes deve ser monitorada e gerenciada para avaliar e melhorar a sua funcionalidade.

Palavras-chave: reservatórios, ictiofauna, migração de peixes conectividade fluvial, Rio Paraíba do Sul.

1. Introduction

Hydrologic connectivity of riverine systems is cru-
cially important to fish and other aquatic organisms.
Nonetheless, these ecosystems are impaired by impound-
ments with different purposes (e.g. hydropower, water
supply and flood control). Loss of connectivity is fre-

quently linked to extinction of entire populations of

freshwater fishes (Sheer and Steel, 2006; Olden et al.,

2010), changes in hydrologic regimes (Graf, 1999), in-

troduction of non-native piscivorous (Holmquist et al.,

1998; Pelicice and Agostinho, 2009) and blocking of mi-

gratory routes (Roscoe and Hinch, 2010), thus contribut-
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ing to reduce the diversity and change the assemblage
organisation.

Although the problems associated with impound-
ment have been addressed in a variety of reviews and sci-
entific articles (Baxter, 1977; Cumming, 2004; Poff et
al., 2007), until now, the mitigation measures have been
limited to fish passage facilities. Several types of fish
passages (e.g., fish ladders, lifts, locks and trap-and-truck
operations and “nature-like” fish ways; reviewed in Ros-
coe and Hinch, 2010) have been used to minimise the
negative effects of the river fragmentation on fish assem-
blages. However, some mechanisms have been criticised
for the low efficiency in facilitating two-way move-
ments, high selectivity and inefficiency in allowing
downriver return by adults, eggs, and larvae (Agostinho
et al., 2007; Godinho and Kynard, 2009, Pompeu et al.,
2011).

In Brazil, there is a crescent investment on clean en-
ergy provided by hydropower, mostly because of its great
water resources. Only in the main channel of Paraíba do
Sul River there are four large dams, three low head dams
(head height < 15 m), which vary in size, shape, function
and operational routine. Although it is one of the most
important Brazilian rivers, draining developed states in
the country (São Paulo, Rio de Janeiro and Minas
Gerais), little is known about the consequences of its reg-
ulation by dams (Bizerril, 1999; Polaz et al., 2011). Every
dam has unique characteristics and, consequently, the
scale and nature of the environmental changes are highly
site-specific (McCartney, 2009). The traditional dams
built for hydroelectric purposes blocks the entire river
course, causing fragmentation of the river and storing a
large volume of water. On the other hand, low-head dams
are considered to have less environmental impact be-
cause maintain the fluvial connectivity, operating as
“run-of-the-river” mode, not generating large reservoirs.

The effects of traditional dams i.e., those built for hy-
droelectric purposes, which block the entire river course
and store a large volume of water, have been documented
by a number of studies (Rosenberg et al., 2000; Poff and
Hart, 2002; Agostinho et al., 2008; Pompeu et al., 2011).

On the other hand, less research has been undertaken on
the impacts of non-traditional dams. These particularities
allow us to make investigations focusing on small scale
and determine whether the connectivity between zones in
a low-head dam (Santa Cecília Dam, Paraíba do Sul
River) that have a side channel connecting permanently
the reservoir and the downriver zone (partial blockage) is
sufficient to ensure the maintenance of ichthyofauna
structure. Unlike the traditional fish ways that facilitate
upriver migrations, here we examine a fish passage
which probably allows only downriver movements. We
tested the hypothesis that similarity of the fish assem-
blages differ between these two zones (reservoir vs.
downriver zone). The aim was to evaluate possible ef-
fects of this dam on fish fauna organisation, considering
the spatial and temporal scales.

2. Materials and Methods

2.1. Study area

Santa Cecília Dam (22°28’5" S and 43°50’2" W;
WGS84 map datum) was built in 1952 and is located in
the middle stretch of the Paraíba do Sul River, Brazil
(Figure 1), about 120 km below Funil Dam and 180 km
above Ilha dos Pombos Dam. These reaches of the
Paraíba do Sul River contain water of decreased quality
due to indiscriminate land use (agricultural, industrial
and urban) (Pfeiffer et al., 1986), and receive large
amounts of untreated sewage and industrial effluents
(Araújo et al., 2009). The substrate is unconsolidated to
semi-consolidated sand, gravel, silt, and clay, with basalt
outcroppings, low mountains, low-nutrient soils, frag-
ments of semi-deciduous seasonal rain forest, and poor
cropland areas (Pinto et al., 2006).

Santa Cecília impoundment forms a reservoir of
about 2.7 km2 in surface area, retention time < 1day and
its main purpose is to divert water (~ 160 m3 s-1) to a Hy-
droelectric Complex. It is a low-head dam composed by
eight floodgates that has a permanent lateral connection
between the reservoir and downriver zones i.e., it oper-
ates as a run off for the river dam in order to keep a mini-
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Figure 1 - Paraíba do Sul River Basin highlighting the studied area of Santa Cecília Dam.



mum flow release, defined by law, of 90 m3 s-1. The
reservoir and the downriver zone have water levels that
differ approximately by 2.5 m. Due to the narrowing of
the river channel by the lateral connection, the water ve-
locity is increased (~ 5 m s-1) in the only 4 m wide x 5 m
depth channel, and may be limiting upriver fish move-
ments and facilitating the opposite route.

2.1. Data collection

A standardised fish sampling was conducted during
2010-2011 in both zones (reservoir and downriver),
along a stretch of approximately 1.5 km from the dam. In
each year, four fish collections were carried out during
the wet (January and March) and dry seasons (July and
September). Ten randomly chosen sites in each zone
were sampled by three gillnets (25 x 2 m; stretched mesh
25, 50 and 75 mm) that were set up at sunset and retrieved
in the following morning (~ 15 hours of operation). Thus,
our sampling design had a total of 160 samples: 10 sam-
ples x 2 zones x 2 seasons x 4 fish collections. All col-
lected fishes were identified up to the lowest taxonomic
level possible, measured and weighed. Vouchers were
fixed in formalin 10% for 48 hours, preserved in ethanol
70% and deposited in the reference collection of the
Laboratório de Ecologia de Peixes, Universidade Federal
Rural do Rio de Janeiro.

Environmental variables of temperature (°C), oxy-
gen dissolved (mg L-1), conductivity (�S cm-1), pH and
redox potential (mV) were taken using a multisensor
Horiba W-21 (Horiba Trading Co., Shanghai). Water
transparency (cm) was taken with a Secchi disk. These
measurements occurred concurrently with the fish sam-
pling at ten locations within each zone. Measurements
were made during the morning, at a depth of 20 cm from
the water surface and a distance of approximately 3 m
from the margin of the river or reservoir.

2.3. Data analysis

Abiotic environmental variables were log-trans-
formed to meet the requirements of parametric statistics
and to minimise the difference between units of different
variables. Patterns in the abiotic data were assessed by a
principal components analysis (PCA) on the vari-
ance/covariance matrix of environmental variables. To
avoid super factorisation, only factors with eigenvalues
> 1.0 were considered. Component loadings > 0.7 from
PCA were used to identify latent variables. This proce-
dure was performed using the Statistica 7.0 package
(Statsoft, Tulsa, OK, USA).

The raw data of species abundance was fourth-root
transformed to reduce the contributions of highly-abun-
dant species, and a Bray-Curtis dissimilarity matrix cal-
culated for all pair-wise sample comparisons. We then
used multidimensional scaling (MDS) to assess fish as-
semblage similarity/dissimilarity based on species abun-
dances. The criterion for the number of dimensions was
based on the goodness of fit with change of dimen-
sionality; a stress < 0.20 is acceptable as good for dis-

criminating the groups. This analysis was performed us-
ing PRIMER version 5 (Clarke and Warwick, 1994).

We used simple linear regression to determine
whether a significant portion of fish assemblage organi-
sation (represented by first axis of multidimensional scal-
ing, MDS1) is explained by abiotic variables patterns
(represented by the first axis of principal components
analysis, PCA1). If the ichthyofauna is structured by lim-
nological variables, we should observe significant rela-
tionships in the regression of MDS1 against PCA1.

Ultimately, the indicator species analysis was used to
determine which species might be used as indicators,
characterising different zones/seasons. This method, de-
veloped by Dufrêne and Legendre (1997), was applied
using the software PCOrd (McCune and Mefford, 1997).
Statistical significance of each species was assessed by a
Monte Carlo permutation test, using 1000 sample permu-
tations (p < 0.05).

3. Results

A total of 1687 individuals comprising 27 species
were collected in the downriver zone, while the reservoir
had 879 individuals and 23 species (Table 1). Only four
fish species occurred in more than one-third of the sam-
ples: Astyanax bimaculatus (Linnaeus, 1758), Oligo-

sarcus hepsetus (Curvier, 1829), Rhamdia quelen (Quoy
and Gaimard, 1824) and Hypostomus affinis (Stein-
dachner, 1877) with the former being present in 59.4% of
all samples. A wide size range of the fish population was
sampled, ranging from the smallest A. bimaculatus with
6.5 cm Total Length to the largest Hoplias malabaricus

(Bloch, 1794) with 42.5 cm Total Length. Six species
were recorded exclusively from the downriver zone,
while only two species were exclusive from the reservoir.
All the seven migratory species were recorded in the
downriver section, but only five in the reservoir. More-
over, two non-native species were recorded in both zones
and one more non-native species was exclusive of each
zone.

Abiotic environmental values of the different sam-
pling zones/seasons are summarised in Table 2. The tem-
perature was comparatively higher during wet season
irrespective of zone. Both zones had higher dissolved ox-
ygen, conductivity and transparency in the dry season.

Principal component analysis on the abiotic data
yielded two axes with eigenvalues greater than one, ex-
plaining 71.6% of the total variance (Table 3). Abiotic
variables which most contributed to PC1 were tempera-
ture (positively associated to this axis), conductivity, pH
and transparency (negative related). The most variation
in the abiotic data (PC1 = 53.28%) was explained by sea-
sonal patterns, discriminating wet and dry season sam-
ples (Figure 2). Dissolved oxygen was inversely associ-
ated to PC2 that explained only 18.3% of the total
variance.

MDS analysis suggests that the spatial component is
more relevant to determine the fish assemblage organisa-
tion than the seasonality, i.e. distinct fish assemblages
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were found for each zone (Figure 3). Moreover, linear re-
gression of fish assemblage (MDS1) against abiotic vari-
ables (PC1) was no significant (r2 = 0.08; p = 0.307).

Thirteen species had significant indicator values ac-
cording to the indicator species analysis (Table 4). The
downriver zone had the greatest number of indicators

species, among them three were rheophilics (Leporinus

copelandii, Prochilodus lineatus and Pimelodus fur),
with seven being indicators for the wet season and only
one for the dry season. Hoplias malabaricus, Geophagus

brasiliensis (Quoy & Gaimard, 1824) and Rhamdia

quelen were indicators for the reservoir zone during the
dry season, while Hoplosternum littorale (Hancock,
1828) was indicator for the reservoir zone during the wet
season.

4. Discussion

A major change in the ichthyofauna organisation was
detected in the spatial scale, i.e. the impoundment im-
pacts on fish distribution, while seasonal variation be-
tween wet and dry seasons played a pivotal role in abiotic
environmental patterns. Although some fish species were
typical from wet or dry season, their distribution are
probably more related to biological rhythm, foraging
mode, and/or behavioural adaptations, than with limno-
logical variability.

Abiotic variables had a strong influence in the sea-
sonal patterns, explained by variation in temperature,
transparency, pH and conductivity. High temperature
values were directly related with the warm summer sea-
son, which coincides with rainy periods in rivers from
Southeastern Brazil. Low water transparency found dur-
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Table 2 - Abiotic data (mean � s.d.) from Santa Cecília - Paraíba do Sul River

Zone/season Temperature

(°C)

Dissolved oxygen

(mg L
-1)

pH Redox potential

(mV)

Conductivity

(�S cm
-1

)

Transparency

(cm)

R/w 26.6 � 0.4 6.5 � 0.7 6.5 � 0.4 240.7 � 34.9 7.4 � 0.7 50 � 30

D/w 26.6 � 0.6 7.1 � 0.9 6.4 � 0.5 259.3 � 20.3 7.3 � 0.5 70 � 40

R/d 21.4 � 0.8 7.3 � 1.2 6.9 � 0.1 228.8 � 6.2 9.8 � 0.3 130 � 20

D/d 21.5 � 0.7 7.5 � 1.0 7.2 � 0.2 221.9 � 18.7 9.7 � 0.2 150 � 40

Codes: R = reservoir; D = downriver; w = wet; d = dry.

Table 3 - Factor loads from principal component analysis on
abiotic data from Santa Cecília - Paraíba do Sul River

Abiotic variables PC1 PC2

Tempetarature 0.913 -0.092

Redox potential 0.624 0.153

Dissolved oxygen -0.252 -0.921

pH -0.776 0.248

Conductivity -0.884 -0.216

Transparency -0.726 0.335

Eigenvalues 3.20 1.10

Percentage of explained variance 53.28% 18.33%

Values in bold highlight the most contributing scores to the
observed variance.

Figure 2 - Ordination diagram from the first two principal
components on the abiotic variables measured from Santa
Cecília - Paraíba do Sul River. Circles = reservoir;
squares = river; filled symbols = wet season; open sym-
bols = dry season.

Figure 3 - Multidimensional scaling of fish data from Santa
Cecília - Paraíba do Sul River. Circles = reservoir;
squares = ; filled symbols = wet season; open symbols = dry
season.



ing the wet season can be regarded a consequence of the
increased sedimentary inputs from erosion, which is cha-
racteristic of the Paraíba do Sul River during flood peri-
ods (Pfeiffer et al., 1986). Water conductivities tend to be
lower during wet season (Winemiller and Jepsen, 1998),
and influenced byanthropogenic activities because of in-
puts of organic matter, and its later decomposition by
heterotrophic organisms (Matthews, 1998; Guarino et al.,
2005). The importance of abiotic factors in structuring
fish assemblages is thoroughly recognised (Schlosser,
1982; Jackson et al., 2001; Oberdorff et al., 2001). How-
ever, in this study, similarly to the findings of Gubiani et
al. (2010), the variation detected in abiotic variables was
not very meaningful to define fish composition.

A more abundant and richer assemblage was found in
the downriver compared with the reservoir zone, which is
a widely documented consequence of dam construction
(e.g., Gomes and Miranda, 2001; Oliveira et al., 2004;
Santos et al., 2010). According to Williams et al. (1998),
it is explained by large-scale changes in temperature, tur-
bidity, flow, allochthonous nutrient inputs, and availabil-
ity of food resources regimes. Considering the absence of
relationships between fish assemblage and selected envi-
ronmental variables, we suggest that regional changes
caused by the impoundment is a main factor responsible
for spatial fish distribution; increasing the aggregation of
fishes below the dam due to the obstacle for upriver
movements, and preventing the colonisation of species
above the dam.

River impoundments generally exert negative effects
on native fish species, especially on migratory species,
disrupting longitudinal connectivity and obstructing mi-

grations routes (Joy and Death, 2001; Fukushima et al.,
2007). Furthermore, the accumulation of migratory
fishes immediately below dams is well documented
(Taylor et al., 2001; Gehrke et al., 2002) and were found
in this study, since several species associated to
downriver zone are migratory or rheophilic species - e.g.,
Leporinus copelandii Steindachner, 1875; Pimelodus fur

(Lütken, 1874); and Prochilodus lineatus (Valenciennes,
1837). In addition, all these species were associated with
wet season, probably due to reproductive purposes. It is
widely reported that tropical migratory fishes need envi-
ronmental stimuli (rain and floods) to trigger migrations
and spawning (Lowe-McConnell, 1975; Vazzoler et al.,
1997).

Prochilodus lineatus distribution is heavily impacted
by successive impoundments in Paraíba do Sul River,
which must be preventing reproductive migrations. Here,
only two individuals were caught in the reservoir zone. It
is a long-distance migratory species that depend on the
flood pulse to complete the life cycle (Gubiani et al.,
2007). Early experimental studies revealed that Prochi-

lodus species can migrate between 450 and 600 km y-1

(Bayley, 1973; Agostinho et al., 1993). According to An-
tonio et al. (2007), it is able to make two-way migrations,
and tend to avoid the impounded regions in their repro-
ductive period.

We found a decrease in abundance, especially large-
sized migratory species in the reservoir zone, which are
replaced by small-sized, generalist (in terms of habitat
and food requirements) and opportunist fishes (Agos-
tinho et al., 2007). Although the Paraíba do Sul River has
lesser large-sized species compared with other larger
Brazilian River Basins (Araújo et al., 1996), numbers of
large-sized species could be underestimated because of
the mesh size of nets that were at most 75 mm stretched
mesh. Among the species inhabiting the reservoir zone,
the following stand out as well suited to reservoir envi-
ronment: G. brasiliensis which is a highly adapted to
lentic environments (Bizerril, 1999) and has generalist
feeding habits with great trophic plasticity to support
changes in food resources availability (Meschiantti,
1995; Aguiaro and Caramashi, 1998); and H. littorale

that is a typical fish of muddy habitats with physiological
adaptations to breathe atmospheric oxygen and, conse-
quently, to tolerate impacted environments (Chagas and
Boccardo, 2006).

Another factor that contributes to decrease and/or
displacement of native species is the predation pressure
exerted by carnivorous fishes. Usually, in reservoirs, this
guild is composed by non-native species, such as Cichla

kelberi Kullander & Ferreira, 2006 and Plagioscion

squamosissimus (Heckel, 1840) (Bennemann et al.,
2006; Pelicice and Agostinho, 2009). Here, curiously,
this group was dominated by two native species, H.
malabaricus and R. quelen. The persistence of H. mala-

baricus in the reservoir zone is probably favoured by its
prey-ambush foraging behaviour and strong territoriality
during the reproductive season (Paiva, 1974). In turn, R.

quelen is an omnivorous opportunist species, eating in-
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Table 4 - Significant values of the indicator species analysis
for fish assemblages in the Santa Cecília - Paraíba do Sul
River

Species Indicator

value

p Zone/

season

Astyanax bimaculatus 29.1 0.034 D/w

Astyanax parahybae 21.8 0.002 D/w

Eigenmannia virescens 17.9 < 0.001 D/w

Plagioscion

squamosissimus

36 < 0.001 D/w

Leporinus copelandii 23.5 < 0.001 D/w

Pimelodus fur 36.3 < 0.001 D/w

Prochilodus lineatus 38.2 < 0.001 D/w

Pimelodella eigenmanni 15.9 0.002 D/d

Gymnotus carapo 15.4 0.01 R/w

Hoplosternum littorale 33 < 0.001 R/w

Hoplias malabaricus 26.4 < 0.001 R/d

Geophagus brasiliensis 28.9 0.001 R/d

Rhamdia quelen 35.8 < 0.001 R/d

Codes: R = reservoir; D = downriver; w = wet; d = dry.



sects, crustaceans, plant debris and small-sized fishes
(Casatti and Castro, 2006; Oyakawa et al., 2006), and has
nocturnal habits with preference by lentic and deep wa-
ters (Gomes et al., 2000). Therefore, both species showed
adaptations to lead to new environmental conditions
found in impounded areas.

Non-native fish predators, generally, have a higher
abundance above than below large dams in tropical
streams (Holmquist et al., 1998). Such a distribution pat-
tern is well established for P. squamosissimus (see
Oliveira et al., 2003; Agostinho et al., 2007; Terra et al.,
2010). It is a top predator fish native from Amazon River
basin responsible for the decrease of native fish popula-
tion in many Brazilian reservoirs (Bennemann et al.,
2006; Pelicice and Agostinho, 2009). In the studied sys-
tem P. squamosissimus was an indicator species of
downriver zone, contradicting known patterns of distri-
bution. We believe that this bias can be related to the lat-
eral connection between zones. According to Agostinho
et al. (1999), this species produces small, pelagic and
buoyant eggs spawned in several batches during the re-
productive season, and use this strategy to colonise reser-
voirs. However, due to the run of the river characteristics
of the studied system, this strategy should be ineffective
in Santa Cecília Reservoir, where eggs and larvae drift
downriver while they develop. Other factors, such as
largest availability of preys and the better oxygenation of
the water could explain the highest abundance of this spe-
cies in downriver section.

In fact, this study illustrates the negative impact of
river impoundment on fish assemblages, with fish assem-
blage organisation significantly different between reser-
voir and the downriver zone. Almost all changes detect in
this non-traditional dam were similar those found in tra-
ditional ones, except for the P. squamosissimus distribu-
tion, the lack of non-native piscivorous in reservoir zone,
and the independence between limnological and biotic
variables. Most affected species were the rheophilic and
migratory ones, such as Pimelodus maculatus La Cèpe-
de, 1803, that is much more abundant in the downriver
zone compared with the reservoir. Moreover, Leporinus

copelandii, Pimelodus fur and Prochilodus lineatus are
probably not able to perform their reproductive upriver
migration due to dam blockage. Furthermore, our find-
ings are in agreement with Matthews (1998) who pointed
out that only those species with adaptations that fit the
available habitats will successfully colonise a reservoir.
We also found some evidences that the lateral hydrologi-
cal connection has low ecological efficiency e.g., the ab-
sence of P. fur, as well as, the limited distribution of P.

lineatus in the reservoir zone. In fact, strictly rheophylic
species will probably never adapt in the reservoir habitat,
even if it passes to the channel. Therefore, despite low-
head dams being considered to have less impact on
ichthyofauna, these dams produce semi-lentic environ-
ments with fish assemblage organisation significantly
different from the fluvial system. In conclusion, we en-
courage biotelemetry or radio-acoustic count experi-
ments to elucidate whether the lateral connection is able

to promote fish transpositions, and to investigate the role
of non-traditional dams in fish assemblage distribution.
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