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Abstract

To determine the fish species present in Taperoá II Reservoir, and their relevance to the local economy, this research 
aimed to evaluate the composition, abundance, degree of dominance and constancy of species, along with diversity, 
richness, evenness and similarity indices in a tropical semi-arid fish assemblage, during one year. Six 24 hour-long 
samplings were carried out between October 2005 and October 2006 using cast, seine and gillnets. The 889 collected 
individuals belonged to 11 species from 9 families. Temporal variation was observed in the capture frequency of 
different species, and a significant negative correlation between precipitation and number of individuals was also 
observed. Among the recorded families, Characidae showed a higher frequency of occurrence (38.4%), mostly due to 
Astyanax bimaculatus (Linnaeus, 1758) and A. fasciatus (Cuvier, 1819). Eight species were categorised as constant, 
two as accessory and one as accidental. Diversity index values were intermediate with low fluctuation throughout 
the study period, and no correlation with precipitation or water volume. However, the greatest diversity value was 
recorded in March 2006, when the peak of the precipitation was recorded. Evenness values showed a similar trend to 
the diversity index.
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Diversidade da ictiofauna do açude Taperoá II, semiárido paraibano, Brasil

Resumo

Para determinar as espécies de peixe presentes no Açude Taperoá II e sua relevância para a economia local, objetivou-se 
determinar a composição, a abundância, a dominância e a constância de espécies da ictiofauna, bem como os índices 
de diversidade (H’), riqueza, equitabilidade e similaridade de espécies ao longo de um ano. Foram realizadas seis 
coletas ao longo de 24 horas, de outubro de 2005 a outubro de 2006, utilizando-se tarrafas, redes de espera e arrasto. 
Foram coletados 889 indivíduos, identificados em 11 táxons específicos, distribuídos em nove famílias. A abundância 
das diferentes espécies variou temporalmente, com correlação negativa significativa entre a precipitação e o número 
de indivíduos. Dentre as famílias identificadas, Characidae apresentou a maior frequência de ocorrência (38,5%), 
representada pelas espécies Astyanax bimaculatus (Linnaeus, 1758) e A. fasciatus (Cuvier, 1819). Oito espécies foram 
consideradas constantes, duas acessórias e uma acidental. O índice de diversidade apresentou valores entre 2,11 e 2,80, 
e não apresentou correlação com a precipitação e o volume do açude. Entretanto, o índice de diversidade mais elevado 
foi registrado no mês de março de 2006, pico do período chuvoso. Os valores da equitabilidade comportaram-se de 
forma semelhante aos do índice de diversidade.

Palavras-chave: reservatório, ecologia, comunidade, variação temporal.
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1. Introduction

The lack of knowledge on the composition of the 
freshwater ichthyofauna of the Northeastern region of 
Brazil is highly evident. In fact, species distribution lists 
and reports on the Neotropical freshwater ichthyofauna 
often show distribution gaps for many fish species within 
this region, due to the scarcity of fish records in the area 
(Santos, 2005).

Within Brazilian northeastern micro-regions, the semi-
arid is highly limited in its hydrologic resources, particularly 
due to typical low precipitation and high evaporation 
rates, which increase the eutrophication processes of 
water bodies and constrain water accumulation in these 
environments. Water levels vary from total absence (dry 
periods) to great discharges (rainy season) in most semi-
arid aquatic environments.

According to Rosa et al. (2003), the ichthyofauna 
of the Caatinga region consists of typical species from 
several Neotropical groups, with the exception of annual 
fishes (Rivulidae), showing a substantially small diversity 
when compared to other Brazilian environments. These 
fish assemblages are common in freshwater basins of the 
Northeastern Brazilian region, partially draining from, or 
encompassing entire environments located in the Caatinga. 
Consequently, due to these patterns, a regional ichthyofauna 
characterisation is precluded.

The hydrologic cycle initiates during the rainy period, 
when aquatic environments accumulate water. Following 
water evaporation in the dry season, variations in the 
trophic state take place over time. These events play an 
important role in the organisation and functioning of aquatic 
ecosystems, inducing adaptive surviving strategies by 
species, which enhance intra and inter-specific competition, 
alterations in the community structure, and alterations in 
the availability of food resources.

Teixeira et al. (2005) stated that investigating biodiversity, 
particularly fish assemblage structure and its variation 
patterns through space and time, is relevant to assess 
environmental quality, given that fishes occupy different 
positions in aquatic food webs. According to Wootton 
(1990), the communities from a specific environment 
can be analysed according to various aspects, including 
diversity, richness and evenness parameters.

To determine the fish species present in Taperoá 
II Reservoir, and their relevance to the local economy, 
this research aimed to describe the species composition, 
abundance, degree of dominance and constancy of species, 
species diversity index, species richness, evenness and 
similarity of the ichthyofauna of this reservoir throughout 
a one year period. Since little research on the fish diversity 
of semi-arid environments in the Northeastern region have 
been accomplished, this study also aims to contribute to fish 
diversity knowledge in the region by testing the following 
hypotheses: 1) this environment has low diversity due to 
extreme hydrological conditions; 2) there are no seasonal 
differences among species, and 3) species do not show 
similar abundances.

1.1. Study area

Taperoá II Reservoir is located in the 
Taperoá River basin, in the central region of 
Paraíba State (07°  11’  44”  S-07°  13’  44”  S and 
36° 52’ 03” W-36° 50’ 09” W) (Figure 1). It has a surface 
area of 4.6 km2, a maximum water accumulation capacity 
of 15,148,900 m3, a maximum depth of 5.7 m and a mean 
depth of 1.4 m. The reservoir is mostly used to supply 
water to Taperoá city and neighbouring cities, eventually 
connecting to the intermittent Taperoá River.

The semi-arid region of Paraíba has two well-defined 
seasons, namely, the rainy season, lasting between three 
and four months, and the dry season, lasting for almost the 
rest of the year. The weather of this region is classified as 
BSh’ (Köppen climate classification), which indicates a hot 
and dry semi-arid climate, with a rainy season during the 
summer and fall. This region has the lowest precipitation 
indexes of Brazil (i.e. 300 mm per year).

Sampling was carried out during the dry season of 
2005 (October and December), rainy season of 2006 
(March and June), and the dry season of 2006 (August and 
October) (http://www2.aesa.pb.gov.br/meteoro/chuvas.
shtml) (Figure 2).

Water volume in the Taperoá II reservoir showed 
high fluctuations throughout the study period, varying 
from a minimum of 3.930.838 m3 in December of 2005 
to a maximum 15.148.900 m3 in May, June and July of 
2006 (overflow) (Paraíba, 1997). However, it did not dry 
completely during the study period (Figure 2).

2. Material and Methods

Six samplings were performed during a 24-hour period. 
Fish specimens were collected using the following fishing 
instruments: cast nets and seine nets (15 mm mesh net 
between adjacent knots, nylon bags with 0.2 mm of net 
open, length and width of 5 and 2 m, respectively) and 
gillnets (meshes of 15, 20, 25, 35 e 40 mm, between adjacent 
knots, length and height of 20 and 2 m, respectively).

Samples were collected in the deepest sector of the 
reservoir, near the dam, in the limnetic and shore zones, 
at four hours intervals, totalling six samples. During each 
interval gillnets and cast nets were used in the reservoir 
edges, 30 and 15 times, respectively, whereas the seine 
net was used 10 times, in the edges and in the limnetic 
zone of the reservoir.

2.1. Ichthyofauna composition

Specimens were preserved in the field in a 10% 
formalin solution and subsequently transferred to the 
Aquatic Ecology Laboratory/Departamento de Sistemática 
e Ecologia/Universidade Federal da Paraíba. Taxonomic 
identifications were based on Fowler (1954), Britski 
(1972), Britski et al. (1988), Vari (1991) and confirmed by 
a taxonomist (Prof. Dr. Ricardo Rosa). Voucher specimens 
were deposited in the Universidade Federal da Paraíba 
Ichthyologic Collection (UFPB catalogue numbers: 6175, 
6176, 6177, 6178, 6179, 6180, 6181, 6182, 6183, 6184 
and 6185).
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2.2. Abundance, dominance and constancy

Abundance of fishes was determined following the total 
number of caught individuals of each species per sample. 
Spearman’s correlation was used to test the variation in 
the abundance of different species through time.

Simpson’s Dominance Index was employed according to 
McNaughton (1968) to determine the degree of dominance 
(D) among species. This estimate is an important means 
of determining the effects of the most abundant species 
on fish assemblage dynamics and on the overall biotic 
community.

The Constancy Index (C) (Dajoz, 1973) was employed 
to classify the constant species in the Taperoá II reservoir 
during the study period. This index determines which species 
remain in the assemblage for longer periods, therefore, 
being less affected by seasonal environmental variations.

Figure 1. Taperoá II dam location in Taperoá, Paraíba, Brazil.

Figure 2. Pluviometric indexes (bars) in the Taperoá region 
and volume (lines) in the Taperoá II Reservoir during the 
study period (AESA, 2007).
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2.3. Assemblage parameters and similarity

Shannon´s Index (H’) (bits/ind) was employed as a 
diversity index per sample, and the resulting values were 
classified according to Pinto-Coelho (2000). Diversity 
Index and Camargo’s evenness Index (E’) were calculated 
using the Ecological Methodology software (Kenney and 
Krebs, 2000), respectively, based on Equation 1:
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where pi is the relative abundance of the ith species, S is 
the number of species in the community, and Equation 2:
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where S is the number of species in the community h, pih is 
the relative abundance of a competing species i, pjh is the 
relative abundance of a competing species j, and K is the 
maximum number of possible binary subtractions between 
competing species, following K = S (S–1)/2 (Camargo, 
1993). Species richness was considered as the number of 
species per sample.

Spearman’s correlation and cluster analysis using 
Bray Curtis’ Similarity Matrix were performed on Primer 
software with diversity, evenness, fish species abundance, 
pluviometric and water volume data. Spearman’s rank 

correlation was performed to determine the relations 
between environmental (pluviometry and water volume) 
and biological (diversity, evenness and fish population 
parameters) variables. Data transformation was not 
necessary. Cluster analysis was used to verify the existence 
of patterns in species distribution throughout time. The 
Bray-Curtis index was used as similarity measure and 
groups were clustered using the unweighted pair-group 
average method (Sokal and Rohlf, 1980).

3. Results

3.1. Ichthyofauna composition

A total of 889 individuals belonging to 11 species, 
10 genera, nine families and four orders were collected 
during the study period (Table 1).

Species richness varied among different months, from 
six (in June of 2006) to 10 species (in March and August 
of 2006). There was no significant correlation between 
species richness and precipitation rates [r

S
 = 0.19; N = 6; 

p = 0.71], as well as between species richness and water 
volume in the reservoir [r

S
 = –0.32; N = 6; p = 0.53].

The abundance of different species showed seasonal 
variation. A negative significant correlation was observed 
between number of individuals and precipitation [r

S
 = –0.81; 

N = 6; p < 0.05]. This result indicates that during the rainy 
season, the number of caught individuals decreased (78 in 
March/2006 and 109 June/2006) (Table 2).

Table 1. Fish species recorded in Taperoá II reservoir during the study period, with their respective regional common names.

Taxon Common name
Characiformes

Anostomidae
Leporinus cf. piau (Fowler, 1941) Piau

Characidae
Astyanax bimaculatus (Linnaeus, 1758) Piaba do rabo amarelo

Astyanax fasciatus (Cuvier, 1819) Piaba do rabo vermelho
Crenuchidae

Characidium bimaculatum (Fowler, 1941) Canivete
Curimatidae

Steindachnerina notonota (Miranda-Ribeiro, 1937) Sagüiru, Saburú
Erythrinidae

Hoplias malabaricus (Bloch, 1794 ) Traíra
Prochilodontidae

Prochilodus brevis (Steindachner, 1875) Curimatã
Cyprinidontiformes

Poeciliidae
Poecilia vivipara (Bloch & Schneider, 1801) Guarú, Barrigudinho

Perciformes
Cichlidae

Cichlasoma orientale (Swainson, 1839) Cará

Oreochromis niloticus (Linnaeus, 1978) Tilápia nilótica
Siluriformes

Loricariidae
Hypostomus sp. Cascudinho, Chupa pedra
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Similarly to diversity, the evenness index values did 
not show significant variations throughout the study period. 
Evenness values did not correlate with the precipitation 
[r

S
 = 0.4; N = 6; p = 0.4] or water volume [r

S
 = 0.4; N = 6; 

p = 0.3]. The highest homogeneity of species abundance 

3.2. Abundance, dominance and constancy

According to the Constancy Index, eight species 
were considered constant (Astyanax  bimaculatus, 
Astyanax fasciatus, Hoplias malabaricus, Poecilia vivipara, 
Characidium bimaculatum, Steindachnerina notonota, 
Leporinus piau, Oreochromis niloticus), two accessory 
(Cichlassoma orientale, Hypostomus sp.) and one accidental 
(Prochilodus brevis).

Hoplias malabaricus showed higher abundance during 
the period with lower water volume (dry season of 2005). 
Astyanax bimaculatus and A. fasciatus were more abundant 
during the dry seasons. These species, which were the 
most abundant in the reservoir (38.5% dominance degree), 
belong to the Characidae, which comprised 18.2% of all 
caught species (Figure 3).

3.3. Assemblage parameters and similarity

3.3.1. Diversity and evenness indices

The fish assemblage of Taperoá II Reservoir showed 
a mean Shannon diversity index of 2.4 bits/ind. There 
were no significant temporal variations in the diversity 
index throughout the study period. Also, no significant 
correlations between diversity index and precipitation 
rate, and between diversity index and water volume of the 
reservoir were observed. Nevertheless, the highest diversity 
value was recorded in March of 2006 (H’ = 2.8 bits/
ind), which coincided with a precipitation peak, and 
with the highest species richness (10 species). This was 
probably a consequence of greater food availability 
caused by a higher input of alloctone matter during this 
rainy period (Figure 4), favouring the presence of more 
diverse food, which was already observed in a previous 
work (Montenegro, 2007). The lowest diversity value was 
recorded in October of 2005 (dry period, H’ = 2.1 bits/ind), 
coinciding with the low species richness value (7 species). In 
this sample, Cichlassoma orientale, Oreochromis niloticus, 
Hypostomus sp. and Prochilodus brevis were not collected.

Table 2. Absolute abundance of the fish species in Taperoá II reservoir during the study period.

Species
Dry  

season/2005
Rainy  

season/2006
Dry  

season/2005 Total
Relative 

abundance 
(%)Oct./05 Dec./05 Mar./06 June/06 Aug./06 Oct./06

Leporinus cf. piau 5 6 4 - 28 46 89 22.6
Astyanax bimaculatus 72 10 8 25 48 37 200 16.0
Astyanax fasciatus 17 6 12 - 79 28 142 6.5
Characidium bimaculatum 7 - 4 41 34 36 122 13.8
Steindachnerina notonota 45 43 26 1 3 2 120 13.7
Hoplias malabaricus 6 23 9 7 7 7 59 13.5
Prochilodus brevis - - 1 - - - 1 10.0
Poecilia vivipara 7 36 10 15 45 10 123 0.4
Cichlassoma orientale - 1 - - 1 2 4 2.9
Oreochromis niloticus - 1 3 20 1 1 26 0.3
Hypostomus sp. - 1 1 - 1 - 3 0.1
Total 7 9 10 6 10 9 889

Figure 3. Relative abundance of the fish families of Taperoá 
II Reservoir during the study period.

Figure 4. Temporal variation of species diversity (Shannon’s 
index) and evenness (Camargo’s index) of fish community 
from Taperoá II Reservoir during the study period.
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by a corresponding increase in ecological density, which 
is reflected in both an increase in predation risk and an 
increase in the concentration of individuals per space unit, 
increasing competition for food resources and accelerating 
environmental disturbances, such as eutrophisation processes 
(Crispim et al., 2000), which favours some species, but at 
the cost of negatively affecting others. This was illustrated 
for Characidium bimaculatum, which was not observed 
during December of 2005 (dry period). This species feeds 
on aquatic insects (Montenegro, 2007) and is likely to be 
more sensitive to the chemical and physical disturbances 
common during the dry period.

Agostinho et al. (2007) stated that almost 85% of the 
Brazilian reservoirs sustain a total richness of less than 
40 fish species. Approximately half of these water bodies 
sustain a richness of 20 to 40 species, with a mean of 30 
species per reservoir.

The variation in species abundance between seasons 
may also be related to the use of diverse environmental 
resources, which allows the species to coexist. A good 
example of this is the coexistence between A. bimaculatus 
and A. fasciatus in the reservoir, both abundant during 
the dry seasons. The abundance and coexistence of these 
two species was also observed by Hoffmann et al. (2005), 
Galetti Junior et al. (1990), Agostinho et al. (1997a,1997b), 
Schifino et al. (2004) and Teixeira et al. (2005).

According to Agostinho et al. (2007), the number of 
dominant species in Brazilian reservoirs is low, varying 
between two and 22, and with a mean of six species in 
each assembly. These researchers also stated that the 
dominance of few species is a recurrent phenomenon in 
reservoirs, because flexible, opportunistic species adapt 
better to new environments and can numerically surpass 
the others. In such reservoirs, approximately 25% of the 
species contribute with more than 80 of the total abundance.

The relevant participation of the Characidae 
(Characiformes), is a result of their wide distribution 
in freshwater environments. This family includes the 
majority of continental waters species of Brazil (Britski, 
1972), where there is a predominance of small species 
and/or fishes that can complete their life cycle in lentic 
environments, as stated by Araújo and Santos (2001).

Species such as A. bimaculatus have flexible feeding 
habits and are able to reproduce in several types of habitats 
(Bennemann et al., 2000). These characteristics, along with 
their common frequency throughout the study may explain 
their abundance in Taperoá II reservoir. Agostinho et al. 
(2007) stated that A. altiparanae (Garutti and Britski, 2000) 
(same genus) is the most frequent species in Brazilian 
reservoirs (44%). These authors also emphasized the high 
frequency of A. fasciatus.

Seasonal variations in the abundance of species may 
be related to differences in resource utilisation, which 
allow coexistence. Astyanax bimaculatus and A. fasciatus 
were more abundant during the dry periods, an association 
possibly related to their ability to tolerate the inherent 
environmental conditions of this period. These species belong 
to the family Characidae which comprised 18.18% of all 

was registered in June of 2006 (rainy period, E’ = 0.6), 
and the lowest in December of 2005 (dry period, E’ = 0.4). 
Thus, in general, evenness values were considered low, 
which means that some species showed a higher abundance 
than others (Figure 4).

3.3.2. Similarity analysis

Cluster analysis distinguished three groups by sampling 
period (Figure 5). The lowest similarity value was obtained 
between June of 2006 and the remaining months. This 
month showed the lowest species richness, along with low 
diversity and high evenness indices. It represented the sum 
of precipitation during the rainy season, being the month 
with the highest water accumulation and an overflow.

Cluster analysis showed resemblances in the ichthyofauna 
between August and October of 2006. These months 
presented similarities in biodiversity and in the frequency 
of constant and accessory species. Further, on both months, 
the reservoir presented a great water volume, albeit not 
overflowing (Figure 2). The last cluster groups were formed 
by the months of March of 2006 and December of 2005, 
and by these two months together with October of 2005. 
Although these three months presented relatively different 
features, they were characterised by low water volume.

4. Discussion

In the present study, an ecological succession was 
observed between the species Leporinus piau and 
Steindachnerina notonota. The former species is omnivorous, 
and latter is detritivorous, both species feed on the reservoir’s 
substrate that observes alternation may be a strategy to 
avoid competition.

According to Welcomme (1979), the relative abundance 
of predatory fish usually increases during the dry season due 
to higher grazing rates. In the present study, the predator 
H. malabaricus showed a higher abundance during the 
dry period. It could also be due to the greater ecological 
densities in the community, given by the greater abundance 
of the organisms during the low water period volume. It is 
important to differentiate between total density (number by 
total space unit) and specific, or ecological density (number 
by space unit or habitat), which is the area or available 
volume that can be colonised by a population (Odum, 
2001). A decrease in the dam’s water volume is followed 

Figure 5. Cluster analysis based on a Bray-Curtis similarity 
matrix between samples for the Reservoir Taperoá II fish 
community.
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reservoir, Tocantins river basin; Lajes, Paraíba do Sul 
river) support this.

Given the results of the present study, all initial 
hypotheses were rejected. The first hypothesis was accepted 
since the observed fish diversity was considered low, the 
second hypothesis was partially rejected because statistics 
do not found significant differences, but some species 
changed both diversity and abundance, along the sazonal 
period, the third hypothesis was also accepted because 
two species (A. bimaculatus e A. fasciatus) were dominant 
throughout the study period.
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individuals collected in the present study, and, according to 
the constancy index, were also the most abundant (38.47% 
of degree of dominance). According to Luiz et al. (2003), 
A. scabripinnis paranae (Eigenmann, 1927) was dominant 
in Alagados Reservoir (Paraná, Brazil), accounting for 
nearly 86% of all collected individuals. The second most 
abundant species in this reservoir, Geophagus brasiliensis, 
accounted for only 8%.

Of the eleven taxa recorded throughout the study, 
most were categorised as constant, with Cichlasoma 
orientale and Hypostomus sp. categorised as accessory 
and Prochilodus brevis as accidental. Different results 
were observed by Galetti et al. (1990) in lakes from São 
Paulo (Brazil), where few constant species were registered. 
Bertoletti et al. (1989) recorded a total of 69 species in 
Uruguay River (Santa Catarina, Brazil), with only 24 
species being considered constant.

In Taperoá II Reservoir, particularly, the high abundance 
of constant species may reflect its good conservation state. 
Vieira (2002) disagrees that such characteristic may be 
reflective of the conservation state of an environment. 
However, in this study, the author compared species 
from non-impacted environments with small samples of 
impacted environments.

The presence of constant species in these environments 
subject to major intermittent hydrological fluctuations 
illustrate the survivorship potential of these species during 
all ontogenetic stages, regardless of seasonal variations in 
feeding resources (Montenegro, 2007). According to Lemes 
and Garutti (2002), the constancy of some species reflects 
their biological ability to explore different environmental 
resources at each ontogenetic stage.

It is important to consider that Taperoá II Reservoir 
is located in one of the driest regions of Brazil (300 mm/
year), with drastic variations in water volume along its 
hydrological cycle. This dynamic environment forces 
the organisms to develop different abilities to cope with 
them, such as dormant stages to support uninhabitable 
conditions. Among species of the study area, individuals 
of the trahira Hoplias malabaricus bury themselves in 
the soft substrate during adverse dry periods (personal 
observation).Barbiere and Kronemberg (1994) stated that 
during the rainy season, there is an increase in the diversity 
of microhabitats. Higher water levels reach the marginal 
vegetation, which provides shelter to organisms, more 
complex environments and food resources not available 
during the dry period.

The presence of water in the environment, even if in 
small quantities, is a determinant factor for the promotion 
of higher diversity values. Odum (2001) proposes that the 
diversity tends to decrease with higher stress or alterations 
in the environmental dynamics. In 1999 and 2003, this 
reservoir became completely dry, forcing fish species to 
recolonize the environment. This may explain its low fish 
species richness of the reservoir.

Evenness of Taperoá II fish species was considered 
low, the findings of Agostinho et al. (2007) in Brazilian 
reservoirs (Samuel reservoir, Amazon basin; Tucuruí 
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