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Abstract

Large reservoirs usually present spatial gradients in fish assemblage, distinguishing three strata (littoral, pelagic, and
bathypelagic) along the vertical and horizontal axes, and three zones (fluvial, transitional, and lacustrine) along the
longitudinal axis. The main objective of this study was to assess if small reservoirs also present the spatial gradients in
fish assemblage attributes and structure as already observed in large reservoirs. Fish surveys were conducted quarterly,
from 2003 to 2008, in the Mourao Reservoir (Mourdo River, Parana, Brazil), using gillnets with different mesh sizes,
arranged in all strata of all three zones. Community attributes (species richness and evenness) were calculated for each
sample, and differences were tested using three-way ANOVA (factors: zone, strata, year). Community composition was
summarized using Correspondence Analysis (CA) and differences were tested with three-way ANOVA for each axis,
controlling the same three factors. Because of the high variability in reservoir water level through time, all analyses
were made considering temporal variations. Species richness presented a decreasing trend from fluvial to lacustrine
zones, and higher values in littoral strata, possibly because upper reaches and littoral regions provide better conditions
for fish to feed and to reproduce. Evenness was considerably low, presenting high variability, and no evident pattern.
The expected longitudinal gradient was not found in this study indicating longitudinal similarity, contrary to observed
in large reservoirs. Vertical and horizontal gradients were observed in all sampling stations, indicating that abiotic and
biotic conditions are influencing fish distributions within the reservoir.

Keywords: dam, longitudinal gradients, impoundment, gradient.

Variacoes espaciais e temporais na assembleia de peixes:
testando o conceito de zonacio em pequenos reservatorios

Resumo

Grandes reservatorios, em geral, apresentam gradientes espaciais da assembleia de peixes, distinguindo trés estratos
(litoral, pelagico e batipelagico) ao longo dos eixos vertical e horizontal, e trés zonas (fluvial, transigdo e lacustre)
ao longo do eixo longitudinal. O principal objetivo deste estudo foi avaliar se pequenos reservatdrios também
apresentam tais gradientes espaciais, nos atributos e na estrutura da assembleia de peixes, como ja observado em
grandes reservatorios. As coletas dos peixes foram realizadas trimestralmente, de 2003 a 2008, no reservatorio de
Mourdo (Rio Mourao, Parand, Brasil), com redes de espera com diferentes tamanhos de malha, dispostas em todos
os estratos de todas as trés zonas. Atributos da assembleia (riqueza de espécies e equitabilidade) foram calculados
para cada amostra, ¢ as diferengas foram testadas utilizando ANOVA tri-fatorial (fatores: zona, estratos, anos).
A estrutura da assembleia foi sumarizada usando uma Analise de Correspondéncia (CA) e as diferencas foram
testadas com ANOVA tri-fatorial para cada eixo, controlando os mesmos trés fatores. Devido a alta variabilidade
no nivel da agua do reservatério ao longo do tempo, todas as analises foram feitas considerando as variagdes
temporais. A riqueza de espécies apresentou tendéncia decrescente, da zona fluvial até a lacustre, com valores
maiores no estrato litoral, possivelmente porque locais a montante e regides litordneas proporcionam melhores
condigdes de alimentacdo e reprodugdo para os peixes. A equitabilidade foi consideravelmente baixa, apresentando
alta variabilidade e nenhum padrao evidente. O gradiente longitudinal esperado ndo foi encontrado neste estudo,
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indicando similaridade longitudinal, ao contrario do observado em grandes reservatdrios. Gradientes verticais e
horizontais foram observadas em todas as areas amostradas, sugerindo que as condi¢des bidticas e abidticas estdo
influenciando a distribuicao dos peixes ao longo do reservatorio.

Palavras-chave: barragem, gradientes longitudinais, barramento, gradiente.

1. Introduction

To identify the spatial distribution patterns of fish
assemblages and the factors that drive these interactions
is one of the greatest challenges for aquatic ecologists,
especially in modified environments, such as reservoirs
(Miranda and Raborn, 2000). The construction of dams,
caused by the increasing demand of energy over the last
decades (Tolmasquim, 2012), modified the natural structure
and composition of fish fauna, and, consequently, species
interactions (Gomes and Miranda, 2001), making it difficult
to predict the organization of fish assemblages in a variety
of environments (Agostinho et al., 2016).

Reservoirs are intermediate environments between
rivers and lakes. In some cases, they are referred to as
hybrid systems, with complex interactions, and therefore,
more variable patterns (Kimmel et al., 1990). Moreover,
the hydrological conditions vary widely, depending on
how the dam is operated (Nogueira et al., 2012). These
variations in characteristics as water level, flow velocity, and
residence time may dramatically alter the fish assemblage
dynamics over the spatial scale, varying from longitudinal
(as in rivers) to vertical (as in lakes), and reverse (Noble,
1980; Agostinho et al., 2008).

Reservoirs tend to exhibit the pattern proposed by
Thornton et al. (1990), on the longitudinal axis, which
describes three distinct zones along the reservoir: fluvial,
transitional, and lacustrine. These zones constitute a
spatial upstream-downstream gradient with differences in
flow velocity, sedimentation rate, nutrient concentration
and water transparency. Additionally, these features are
influenced by hydrological seasonality and dam operation
procedures. Therefore, it is already evidenced that changes
in each feature directly influences the structure of fish
assemblages, and this may vary across time, depending
on dam operation and water level (Thornton et al., 1990;
Vasek et al., 2004; Agostinho et al., 2007a), including
fishing (Okada et al., 2005).

On the horizontal and vertical axes, we can identify
the littoral, pelagic, and bathypelagic strata (as in lakes).
The littoral strata are more similar to natural rivers, and fish
tend to inhabit these areas more frequently and efficiently
(Agostinho et al., 2007b; Gido et al., 2009). The littoral
also may exhibit high structural complexity (habitat
heterogeneity) and greater amounts of organic matter, due
to the decomposition resulting from water level variations,
and also because some species of fish uses them as nesting
areas (Fernando and Holcik, 1991; Baumgartner et al.,
2008). On the vertical axis, riverine fish rarely inhabit the
pelagic and bathypelagic strata. The reasons for the low
abundance in the pelagic are mainly the low productivity
and the absence of pre-adapted lacustrine species in the
Neotropical realm (Fernando and Holcik, 1991; Gomes
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and Miranda, 2001). Moreover, the bathypelagic strata
have abiotic limitations for fish, especially due to low
dissolved oxygen concentrations (Fernando and Holcik,
1991; Agostinho et al., 1999; Gido et al., 2002).

In large reservoirs, the differences among the zones
along the longitudinal gradient, and between the littoral
and those of the horizontal and vertical gradients are well
documented, but these patterns are not well described for
small reservoirs (Agostinho et al., 2007a; Okada et al., 2005;
Affonso etal., 2016). Nowadays, Brazil has 436 operating
small power plants (“Pequenas Centrais Hidrelétricas —
PCHs”; generation of energy varying from one to 30 MW),
29 under construction and 117 already approved, which
corresponds to 65% of energy generation (ANEEL, 2016).
In addition, in Brazil, the “Agéncia Nacional de Energia
Elétrica” (ANEEL) considers that the impacts caused by
the construction of small power plants are minor (Nilton,
2009). However, there are no published studies evaluating
possible gradients in small reservoirs, if the fish fauna
differs along the possible gradients, nor if the impacts
are higher than expected, or if there is a need to review
the ongoing legislation. To worsen the situation, little is
known about the fish species inhabiting these near-future
impounded rivers, because some of them have not been
studied yet (sensu the Linnaean shortfall; Brito, 2010).

Therefore, our objective was to evaluate the longitudinal,
horizontal, and vertical gradients in the fish assemblage of
a small reservoir, based on the zonation concept proposed
by Thornton et al. (1990). Specifically, we evaluated
variations in some assemblage attributes (species richness
and evenness), and variations in the assemblage structure
along these gradients. Considering that water level variations
affects the reservoir dynamics, and it varies over time,
depending on dam operation and rain, we analyzed all
variations trough time.

2. Material and Methods
2.1. Study area

As amodel for our generalizations, we used the Mourdo
I Dam, located in the Mourdo River (tributary of the Ivai
River; upper Parana River basin). The dam was concluded
in 1964, its height is 19 m, and it generates 8.2 MW
(Figure 1). The reservoir covers an area of 11.3 Km?,
contains 65 million m® of water, and the hydraulic retention
time is 70 days (ANEEL, 2004). Despite its small size, the
Mourao Reservoir is one of the largest of its category and
provides multiple uses to locals, from energy production
to recreation, as several other reservoirs all over Brazil
(Cruz and Fabrizy, 1995).

The region where the reservoir is located has a
subtropical climate, with strong tropical influence, without
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Figure 1. Map showing the location of Mourdo Reservoir in the Parand State and detail of shape and the longitudinal

zonation.

well-defined seasonality. The land use in the areas adjacent
to the reservoir is dominated by agriculture, precisely crops
of soybeans. On its right margin (East), near the dam,
is located the “Parque Estadual do Lago Azul”, which
represents a remnant of native secondary forest, but its
left (West) side is occupied by a village for recreational
purposes.

2.2. Sampling

Fish surveys were conducted by the “Companhia
Paranaense de Energia” (COPEL), quarterly, from 2003
to 2008. To capture fish, 10 m long gillnets were used
(mesh sizes: 2.4,3,4,5,6,7,8,9,10, 12, 14, and 16 cm;
measured between opposite stretched knots) and trammel
nets (inner mesh sizes: 6, 7, and 8 cm), set for 24 hours.
Nets were arranged in three zones throughout the reservoir,
following the concept of zonation proposed by Thornton et al.
(1990) (fluvial, transitional, and lacustrine; longitudinal
gradient; Figures 1 and 2). In each zone, the nets were
set in three strata (littoral, pelagic, and bathypelagic;
horizontal and vertical gradients; Figure 2). An entire set
of nets was arranged in each stratum of each zone, and
this sampling configuration allowed us to search for any
existing spatial patterns.

Fishes were stored in 10% formalin and taken to the
laboratories of the “Grupo de Pesquisas em Recursos
Pesqueiros e Limnologia” (GERPEL), from the “Universidade
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Figure 2. Diagram of the horizontal, vertical, and
longitudinal gradients studied in the reservoir (Only
illustrative; an entire set of gillnets was arranged in each
stratum of each zone).

Estadual do Oeste do Parana” (UNIOESTE). Identification
and taxonomic classification followed Graga and Pavanelli
(2007), Langeani et al. (2007), and Garutti and Britski (2000).

2.3. Data analysis

We considered our sample unit each set of nets in a
given stratum, within each zone, at each month (totaling
198 samples - 3 zones * 3 strata * 4 months; unbalanced
design; only three months sampled in 2003 and 2008).
Data were expressed in a sample x species matrix, with
the abundance of fish indexed by the catch per unit of
effort (CPUE; number of individuals/1000 m? of gillnet
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in 24 h). Considering that water level variations affect the
reservoir dynamics, and it varies over time depending on
dam operation and rain, we analyzed all variations through
time. Species richness and Shannon-Weiner evenness
were calculated for each sample using the software
PcOrd 6.0 (McCune and Mefford, 2011). Differences in
these attributes, considering the factors zones (levels:
fluvial, transitional, and lacustrine), strata (levels: littoral,
pelagic, and bathypelagic), years (from 2003 to 2008), and
their interactions were tested using three-way ANOVA
(significance level: p < 0.05) in the software Statistica
7.1™ (Statsoft, 2005). When the ANOVA was significant,
the post-hoc Tukey test was applied to identify which
pair of levels of the factors (or the interactions) differed.

To summarize the structure of the fish assemblage,
we applied a Correspondence Analysis (CA; McCune
and Grace, 2002), using square root transformed data,
and the option “downweight rare species” was selected,
in the software PcOrd 6.0 (McCune and Mefford, 2011).
We used CA because it better summarizes matrices with
several zeroes and its orthogonal axes can be further
used to hypothesis testing (Jackson et al., 2001). To test
for significant differences in fish assemblage structure,
according to the factors zones, strata, years, and their
interactions, we applied a three-way ANOVA (and the
post-hoc Tukey test, if necessary; in the software Statistica
7.1™) to the scores of the first two CA axes, retained for
interpretation. To identify the most important species to
the ordination, we correlated (Spearman rank correlation;
in the software Statistica 7.1™) the CPUEs of each species
in the square-rooted data matrix with each of the CA axes
retained for interpretation.

3. Results

3.1. Variations in reservoir water level

Small reservoirs may present intense variations in water
level, once they are usually located upper in watersheds, being
very sensitive to local rains and droughts. This appears to
be the case of Mourao Reservoir, which showed variations
in water levels as high as five meters among years, except
in March 2008, when this difference reached more than
seven meters (almost 38% of the dam height; Figure 3).
These variations have the potential to influence all biotic
assemblages, including fish.

3.2. Ichthyofaunal survey

Samplings carried out in the Mourao Reservoir totaled
30,358 individuals belonging to six orders, 14 families,
and 35 species (Table 1). Characidae (nine species) was
the richest family, followed by Cichlidae (seven species).
Catches were widely dominated by Astyanax lacustris and
Oligosarcus paranensis, both Characidae, accounting for
61.8% and 25.4% of the total CPUE, respectively. The other
species together accounted for only 12.8%. Overall, the
littoral strata had higher abundances, although closely
followed by the pelagic, especially at the beginning of
the study. The bathypelagic, however, always presented
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Figure 3. Water level of Mourdo Reservoir from 2003 to
2008, dashed line represents the mean water level for this
period. Source: UHE Mourao I Headquarters.

the lower abundances, whatever the zone. The lacustrine
zone presented the lowest general abundance (Figure 4).
Considering the years, the highest total abundances were
observed in 2003 (pelagic) and 2004 (littoral and pelagic),
but with a clear decreasing trend over the years in the
pelagic strata, in all zones.

3.3. Spatial and temporal variations in assemblage
attributes

The interaction between the factors zone and strata was
significant for species richness (F,,, = 5.27; p < 0.01),
indicating different responses of the levels of one factor,
considering the levels of the other (Figure 5). The littoral
presented the higher averages of species richness, with
higher values in the transitional zone (Tukey test in the
interaction; p < 0.05). However, for the pelagic stratum,
the fluvial zone presented higher averages (Tukey test in
the interaction; p < 0.05), and no clear pattern was found
for the bathypelagic stratum (Figure 5).

Overall evenness was considerably low (averages
always below 0.65) showing elevated dominance in all
samples (Figure 6). In addition, this attribute was highly
variable among all zones and strata, specifically in the
bathypelagic stratum of the lacustrine zone. This high
variability was identified by the ANOVA, once the
three-order interaction (zone*strata*years) was significant
(Fy9.54 = 1.66; p = 0.04), indicating that there was not a
clear trend among the factors.

3.4. Spatial and temporal variations in fish assemblage
structure

In the ordination resulted from the Correspondence
Analysis (CA; eigenvalues: CA1 = 0.20; CA2 = 0.18;
Figure 7) it was possible to identify some differences in
fish assemblage structure, especially considering the strata,
with a clear trend of separation of the samples collected in
the littoral stratum (positive signs), always concentrated
in the upper part of the panel. Another strong segregation
was observed for the pelagic stratum (triangles), but not
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Figure 4. Mean (#standard error) of total abundance indexed by the capture per unit effort (CPUE; number of
individuals/1000 m? of gillnet in 24 h) from 2003 to 2008, for all zones (fluvial, transitional, and lacustrine) in all three strata
((A) littoral; (B) pelagic; (C) bathypelagic), for the samples collected in the Mourao Reservoir.
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Figure 5. Mean (+standard error) of species richness (S) from 2003 to 2008, for all zones (fluvial, transitional, and lacustrine)
in all three strata ((A) littoral; (B) pelagic; (C) bathypelagic), for the samples collected in the Mourao Reservoir.
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three strata ((A) littoral; (B) pelagic; (C) bathypelagic), for the samples collected in the Mourao Reservoir.
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Figure 7. Correspondence Analysis (CA) on CPUE
standardized square root transformed data for all species,
separated by zones (light gray: fluvial; dark gray:
transitional; black: lacustrine), and strata (cross: littoral;
triangle: pelagic; circle: bathypelagic), for the samples
collected in the Mourdo Reservoir.

for the bathypelagic (circles). The same pattern was not
clear for the zones.

The three-way ANOVA applied to CA1 revealed no
significance for any interaction, which allowed interpreting
the main factors. Thus, CA1 presented variations among
strata (F,,, = 3.85; p = 0.02) with the littoral differing
from the bathypelagic (Tukey test; p=0.02; Figure 6), and
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among years (F, ., =45.12; p <0.01), with the years of
2007 and 2008 differing from all the others (Tukey test;
p <0.01; Figure 8).

For the CA2, the three-way ANOVA was significant
for the interaction between zones and strata (F, ,, = 3.26;
p =0.01). Vertically, in the fluvial and transitional zones,
the littoral had significantly higher scores than the others
strata, and in the lacustrine zone, all strata were significantly
different (Tukey test in the interaction; p <0.01) (Figure 9).

Species that most explained the possible patterns were,
for CA1, Plagioscion squamosissimus (p = 0.79) and
Astyanax lacustris (p = 0.18), positively correlated, and
Oligosarcus paranensis (p =-0.46) and Astyanax aff. paranae
(p=-0.55), negatively correlated. These species presented
high variability in abundance among zones and strata,
but the species positively correlated (P. squamosissimiuis)
presented increased abundance at the end of the study
(Figure 10), whereas de negatively correlated (O. paranensis)
presented the opposite trend (Figure 11). For CA2, species
positively correlated were Geophagus brasiliensis (p=0.71;
Figure 12), Hoplias sp. 2 (p = 0.62), Crenicichla britskii
(p=0.58), and Tilapia rendalli (p = 0.53). Only Oligosarcus
paranensis (p = -0.58) was negatively correlated to this
axis. Overall, species positively correlated, presented
high abundances only in the littoral stratum, whereas the
negatively correlated had high abundances only in the
pelagic stratum.
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Figure 8. Mean (+standard error) of CA1 scores from 2003 to 2008, for all zones (fluvial, transitional, and lacustrine) in all
three strata (A) littoral; (B) pelagic; (C) bathypelagic), for the samples collected in the Mourao Reservoir.
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Figure 12. Mean (+standard error) of the abundance of Geophagus brasiliensis (positively correlated with CA2), indexed
by the CPUE (number of individuals/1000 m? of gillnet in 24 h), from 2003 to 2008, for all zones (fluvial, transitional, and
lacustrine), and strata ((A) littoral; (B) pelagic; (C) bathypelagic), for the samples collected in the Mourdao Reservoir.

4. Discussion

Species richness presented the expected longitudinal
gradient, decreasing from the fluvial to the lacustrine zone,
in the pelagic and the bathypelagic strata. These longitudinal
differences are consistent with the zonation concept proposed
by Thornton et al. (1990), as already documented for fish
assemblages in large reservoirs (Agostinho et al., 1999;
Oliveira et al., 2004; Okada et al., 2005). Thus, our results
indicate that even in small reservoirs, the upper reaches
are capable of sustaining higher richness of riverine fish
species, probably due to their similarity with natural
habitats (Fernando and Holcik, 1991).

Considering the strata, the littoral presented the
highest species richness in all zones, showing that fish
prefer this region, similar to that observed in natural lakes
(Gido and Matthews, 2000). This preference is probably
related to the similarity between reservoir littoral regions
and natural rivers in terms of habitat structure (Fernando
and Holcik, 1991), and may sustain higher abundances of
native fish (Gido et al., 2002). One factor that increases
the species richness in the structured littoral stratum is
that these environments provide natural nurseries for
several fish species with parental care or species that
lay their eggs on submerged structures, especially when
the reservoir water level is high (Vazzoler and Menezes,
1992; Agostinho et al., 1999). Among the littoral strata,
we suggest that the highest species richness found in the
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transitional zone is likely to be explained by the fact that
this reservoir is small (short; slightly over 15 Km long),
but has large lateral ponds that may occasionally supply
resources to the reservoir, after a certain water level that
connects them. These transient habitats would be responsible
for nutrient input in the transitional zone, where water is
calm, concentrating nutrients from the fluvial zone, as
observed in large reservoirs, providing better conditions
for the establishment of planktonic communities, attracting
fish (Nogueira et al., 2006).

The expected longitudinal gradient in fish assemblage
structure was not found in the littoral and the pelagic strata.
We suggest that, despite the real differences observed in
community attributes, they might not be able to distinguish
three spatially distinct groups of fish in small reservoirs,
in opposition to explicit patterns documented for large
and cascade of reservoirs (Agostinho et al., 2004, 2007a;
Gubiani et al., 2010). This longitudinal uniformity may
be assigned also to the reservoir short length, and casual
differences in fish assemblage structure among zones might
be stochastic or due to particular interactions at some sites,
decreasing the predictability of fish assemblage structure
(Matthews et al., 2004). The apparent exception to this
longitudinal homogeneity was the bathypelagic stratum of
the lacustrine zone. This difference is possibly due to the
strong lacustrine characteristics of this zone, with lower
flow and greater depth (Thornton et al., 1990), which
usually presents thermal stratification and low oxygen
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content (Esteves, 1998; Fernando and Holcik, 1991; Gido
and Matthews, 2000; Edds et al., 2002).

Fish assemblage composition and structure presented the
expected horizontal and vertical gradients, distinguishing
all strata within each zone. These gradients were already
documented for large reservoirs (Agostinho et al., 1999,
2007a; Vasek et al., 2009) and we suggest that such
differences in spatial distribution results from horizontal
and vertical abiotic and biotic gradients (Matthews et al.,
2004). Horizontal differences in fish assemblage between
the littoral and the pelagic strata are possibly because littoral
stratum has features that can carry larger fish populations,
such as in natural lakes and rivers (Fernando and Holcik,
1991; Edds et al., 2002). On the other hand, fishes are
less abundant in the pelagic stratum and usually grouped
in small shoals (Matthews et al., 2004). In the vertical
gradient, we suggest that the association between oxygen
and temperature provides adverse conditions for most
fish species in deeper waters (Gido and Matthews, 2000).

The Mourido Reservoir fish assemblage was
composed of a few species and largely dominated by
Astyanax lacustris and Oligosarcus paranensis that, along
with Plagioscion squamosissimus, seemed to drive the
major differences in the observed patterns. 4. lacustris is a
small-bodied fish, with high fecundity, rapid development,
and reach sexual maturity in a few months (Agostinho et al.,
1999; Suzuki et al., 2005), which makes this species a
great colonizer, as observed in several young reservoirs
(Agostinho et al., 1999). In addition, this species has a wide
feeding spectrum, ingesting algae, superior plants, several
invertebrates, microcrustaceans, and detritus (Peretti and
Andrian, 2008), despite being able to alternate among the
items according to the availability. For these reasons, this
species is able to sustain large populations, even if it faces
periods of resource shortages. Also, as it promptly responds
to the availability of resources, the fact that the reservoir
presented substantial variations in water level every year
(see Figure 3 for details), it may have incorporated feeding
resources to the reservoir (similar to a drawdown), which
would favor this opportunistic species, maintaining higher
abundances along the study period.

On the other hand, O. paranensis is also documented
as one of the fish species that succeeds in the occupation
of reservoirs (Agostinho et al., 1999; Smith and Petrere
Janior, 2008), probably because of its fast growth,
which means a rapid development (Abelha et al., 2012).
In addition, the diet of this species is based mostly on
invertebrates for juveniles and fish for adults, using natural
habitat structures for predation (Casatti et al., 2001).
Furthermore, despite the reservoir age and the advanced
decomposition stages of trunks and branches, some
remaining areas with submerged refuges are available,
which are important habitat structures for fish hiding and
escaping (Gois et al., 2012). Lastly, P. squamosissimus,
also important in our study, is an introduced species from
the Amazon basin, and the literature reports its success
in reservoirs (Agostinho et al., 1994). This success can
be addressed to its life-strategy features, especially those
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related to reproduction, once it is one of the few species
with pre-adaptations to thrive in lentic (pelagic regions)
systems (Gomes and Miranda, 2001), in addition to its
feeding plasticity (Carnelds and Benedito-Cecilio, 2002).
The inverse trends in the abundances of O. paranensis
and P. squamosissimus suggest one being replaced by the
other, probably because the second has more competitive
advantages in the lentic waters of the reservoir.

The construction of dams in rivers for power generation
is a fairly common practice in regions with a large number
of rivers and rugged terrains. In this study, we observed that
the Mourao Reservoir (a small reservoir) presented the same
strong vertical and horizontal gradients identified in large
reservoirs. The main difference was that small reservoirs
did not present the expected strong longitudinal gradient
in fish assemblage structure, as observed in the large ones.
In addition, we observed high variation in fish assemblage
structure through time, and this appears to be related to
the variations in reservoir water level. This should be a
concern to managers, especially because small alterations
in reservoir water level should affect the entire system in a
more severe way that occurs in large reservoirs. Therefore,
our naive belief that small reservoirs cause fewer impacts
than large ones appears now clearly dismissed, and we
were actually underestimating the environmental effects of
small power plants. Remember, this study just considered
the reservoir area, not the downstream effects. Finally,
we hope that the generalizations made in this study may
apply to several small reservoirs in the Neotropical region
and elsewhere. We also believe that this study is a start
point for studies that gather information from several
small reservoirs, seeking broader patterns that can apply
to several other similar environments in a broader spatial
scale, including pre and post impoundment studies for a
better evaluation of the impacts of these dams.

5. Conclusion

The expected longitudinal and horizontal gradients
were found for the attributes and structure of the fish
assemblage of the Mourdo reservoir. The longitudinal
gradient, evident in large reservoirs, was not observed for
this small reservoir. Thus, our results imply that, although
smaller in water volume and especially in length, related
to large reservoirs, spatiality is a structuring agent of the
fish assemblage of small reservoirs, favoring species that
occupies the littoral stratum, in all zones, especially in
riverine and transitional zones.

Therefore, we conclude that the potential impacts of
building small dams, on fish, are comparable to those of
large reservoirs, in terms of spatial changes, which are
detrimental to species persistence. More importantly,
legislation concerning such aspects as construction and
especially the environmental assessment seriousness
should be urgently and carefully reviewed. Furthermore,
this study contributes with information on the spatial
organization of fish assemblages in small reservoirs, in
search of broader patterns.
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