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Abstract: The scale of impact that the Sao Francisco River transposition project will have on the drainage basins
ichthyofauna is still unclear, however, changes in the fish community diversity and abundance is probable. Surveys
and registries of the fish fauna within key systems of the catchment basins are priority actions for the conservation of
the aquatic diversity. This study conducted a taxonomic survey of the Epitacio Pessoa (Boqueirdo municipality) and
Argemiro de Figueiredo (Itatuba municipality), reservoirs ichthyofauna, both belonging to the Paraiba do Norte River
basin, important socioeconomic and environmental systems for the transposition project. Monthly sampling was carried
out between October/2014 to September/2015 in the upstream and downstream zones of the reservoirs. The specimens
were collected using dip nets, drag nets, and sieves, and placed on ice in the field. Later in the laboratory, they were
transferred to 10% formaldehyde and then preserved in 70% alcohol. A total of 2,328 specimens were collected
representing five orders, 14 families, and 31 species in both systems. At the upstream zones 2057 specimens were
collected representing 17 species, and at the downstream zones 271 specimens were collected representing 24 species.
Of' the 31 species recorded, 13 species are endemic to watersheds that drain rivers from the Brazilian semi-arid region,
and seven species (Apareiodon davisi, Characidium bimaculatum, Hypostomus pusarum, Parotocinclus jumbo,
P, spilosoma, Pimelodella enochi, and Prochilodus brevis) are endemic to the Mid-Northeastern Caatinga Ecoregion
(MNCE). Among the latter, Parotocinclus spilosoma and Pimelodella enochi are endemic to the Paraiba do Norte River.
Apareiodon davisi is classified as Endangered according to the current published Brazil’s official list of endangered
species of fish and aquatic invertebrates. This pre-transposition ichthyofaunistic survey will serve as a basis for future
post-transposition analyzes, considering this action will change the scope of the ecosystems diversity.

Keywords: Endemism, Paraiba, Basins Transposition.

Composicao da ictiofauna em reservatorios do semiarido brasileiro

Resumo: A dimensao do impacto que a transposi¢ao do rio Sao Francisco provocara na ictiofauna das bacias receptoras ainda
¢ imprecisa, entretanto, ¢ provavel que haja alteragdes na riqueza e abundancia da comunidade de peixes. Levantamentos
e registros prévios da fauna ictica em sistemas chaves das bacias receptoras sdo agdes prioritarias para a conservagdo da
diversidade aquatica. Este estudo realizou o levantamento taxonomico da ictiofauna dos reservatorios Epitacio Pessoa
(municipio de Boqueirdo), e Argemiro de Figueiredo (municipio Itatuba), ambos pertencentes a bacia hidrografica do rio
Paraiba do Norte, estado da Paraiba, importantes sistemas s6cioecondmicos e ambientais para o projeto da transposicao.
Assim, foram realizadas amostragens mensais de Outubro/2014 a Setembro/2015 nas zonas lacustres e a jusante dos
reservatorios. Os espécimes foram coletados com redes de espera, tarrafa, arrasto, peneiras e pugas, em seguida acondicionados
em gelo no campo, posteriormente no laboratorio, transferidos para o formol a 10% e conservados em alcool 70%.
Foram coletados um total de 2328 espécimes distribuidas em 31 espécies, 14 familias e cinco ordens nos dois sistemas.
Nas zonas lacustres foram coletados 2057 espécimes distribuidos em 17 espécies e nas areas a jusantes foram coletados
271 individuos, distribuidos em 24 espécies. Das 31 espécies registradas, 13 sdo endémicas das bacias hidrograficas que
drenam rios do semiarido brasileiro, destas, sete (Apareiodon davisi, Characidium bimaculatum, Hypostomus pusarum,
Parotocinclus jumbo, P. spilosoma, Pimelodella enochi e Prochilodus brevis) sdo endémicas do Nordeste Médio Oriental.
Dentre estas ultimas, P. spilosoma e P. enochi sdo endémicas do rio Paraiba do Norte. Apareiodon davisi ¢ classificada
como Em Perigo de acordo com a atual lista oficial de espécies ameagadas de peixes e invertebrados aquaticos no Brasil.
Este levantamento ictiofaunistico pré-transposigdo servira de base para analises futuras pds-transposi¢ao, considerando
que esta agdo acarretard mudangas no ambito de diversidade dos ecossistemas em questao.

Palavras-chave: Endemismo, Paraiba, Transposi¢do de bacias.
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Introduction

Approximately 5,160 freshwater fish species are described from
South America, representing 20 orders, 69 families, and 739 genera
(Reis et al. 2016). Brazil covers majority of the Neotropical region, and
its ichthyofauna consists of more than 3,000 freshwater species (Reis et al.
2016). According to Buckup et al. 2007, the number of freshwater fish
species described in Brazil has increased significantly in recent years,
with an annual growth greater than 20%, an average never yet recorded.
However, the knowledge about the Brazilian ichthyofaunistic diversity is
focused within certain regions, with the Northeast region displaying the
lowest volume of published studies and a limited number of researchers
(Rosa & Menezes 1996, Langeani et al. 2009, Ramos et al. 2014).

The lack of accurate knowledge related to systematics and distribution
of fish taxa within Northeast Brazil is one of the main aspects limiting the
ichthyofaunistic diversity evaluation and fish biogeographic determination
of this region (Rosa et al. 2003, Ramos et al. 2014). However, in recent
decades the number of research articles related to the ichthyofauna diversity
of Brazilian semi-arid region has increased (Ramos et al. 2005, Novaes et al.
2013, Sanchez-Botero et al. 2013, Gurgel-Lourengo et al. 2013, Silva et al.
2014, Ramos et al. 2014, Silva et al. 2015, Gurgel-Lourengo et al. 2015).

In Brazil, approximately 12% ofits territory is classified as being semi-arid
with a population of about 23 million inhabitants (INSA 2015). Thus, the
aquatic ecosystems are fundamental to the survival of local communities,
taking into account that the construction of dams was primarily intended

to increase water storage capacity for the urban network (Maltchik 1996,
Rebougas et al. 2006, Medeiros et al. 2010).

Currently, Northeast region of Brazil is undergoing the process of
channel construction that will transport water from the largest hydrographic
basin in the region, the Sdo Francisco River basin, to the basins of the
Mid-Northeastern Caatinga Ecoregion - MNCE (ecoregion composed
of hydrographic basins located between the Sdo Francisco and Parnaiba
basins - Rosa et al. 2003), among which is the Paraiba do Norte River basin.
The Paraiba do Norte River watershed is the third largest of this ecoregion.
In order to contribute to the knowledge of this systems ichthyofauna prior
to the commencement of the transposition project, an ichthyofauna survey
was undertaken focusing on two large reservoirs of the Paraiba do Norte
River basin, the Epitacio Pessoa and the Argemiro de Figueiredo reservoirs,
and their respective downstream areas.

Material and Methods

1. Study area

The study was carried out in the Epitacio Pessoa (Boqueirdo) and
Argemiro de Figueiredo (Acaud) reservoirs and their respective downstream
areas. These reservoirs are situated in the Paraiba do Norte River basin, in
Paraiba State (Figures 1 and 2). The Paraiba do Norte River is about 360 km
in length, rising above a thousand meters elevation in the Serra de Jabitaca
in Monteiro municipality, and flows into the Atlantic Ocean in Cabedelo

BOQUEIRAO RESERVOIR
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Figure 1. Map of Paraiba do Norte River basin (A): Boqueirdo (B) and Acaua (C) reservoirs.
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Figure 2. Epitacio Pessoa Reservoir (A) and its downstream area (B), Argemiro de Figueiredo Reservoir (C) and its downstream area (D).

municipality. The basin comprises an area of 20,071.83 km?, making it
the second largest in Paraiba State. It has five main reservoirs, among
them are the Epitacio Pessoa and Argemiro de Figueiredo (Paraiba 2007).

The Epitacio Pessoa reservoir (7°29°20” S and 36°17°3” W),
popularly known as Boqueirdo, is located in the upper basin at Boqueirdo
municipality in the northeastern semi-arid region. It is the largest and main
reservoir of the Paraiba do Norte River basin with a maximum capacity
of 411,686.287m?* and covering an area of about 14,000 km?, supplying
water to 26 municipalities in Paraiba State. Its main uses are human supply
(approximately 600,000 people), animal husbandry and irrigation (Silva
1987, AESA 2015).

The Argemiro de Figueiredo reservoir, commonly known as Acaua,
is located in the middle course of the Paraiba do Norte River between
the geographical coordinates 7°36°51” S and 35°33°01” W in Itatuba
municipality, supplying several cities as well as irrigation, water for
livestock, and aquaculture. This reservoir has an area of 1,725 hectares
with a 253,144,247 m? of accumulation capacity (SEMARH 2006).

2. Sampling

Sampling in the Epitacio Pessoa and Argemiro de Figueiredo
Reservoirs was conducted monthly for one year, between October/2014
and September/2015. In addition, the downstream ebbing (environments
that usually have a lotic regime) areas of the reservoirs were also sampled.
In Argemiro de Figueiredo reservoir, the specimens were collected using
a trawl net (20 m long, 2 m high and 10 mm mesh), cast net (2.4 m high,
and 12 mm mesh) and gill nets (10 m long and 35, 45 and 55 mm meshes).

http://dx.doi.org/10.1590/1676-0611-BN-2017-0334

Epitacio Pessoa specimens were collected by means of gill nets only.
Gill nets were set at dusk and retrieved at dawn, having a soaking time
of 12 hours in each of the sampled environments. Additional sampling
methods were used when sampling downstream of the two reservoirs,
including the use of sieves, grips and a trawl net (4 m long, 2 m high, and
5 mm mesh). Specimens collected in the reservoirs were placed on ice
and taken to the Universidade Estadual da Paraiba (UEPB). Majority of
the material was used for feeding studies, and the remaining specimens
together with the material collected from the downstream areas were treated
according to the scientific curatorial standards, by fixing the specimens
in formaldehyde for two to eight days, then transferring them to a 70°
GL ethyl alcohol solution, and labeling and sorting specimens into lots
according to Malabarba & Reis (1987).

Specimen sampling and identifications were carried out at the
Laboratério de Ecologia Aquatica da Universidade Estadual da Paraiba
(LEAQ/UEPB), Laboratério de Sistematica e Morfologia de Peixes da
Universidade Federal da Paraiba (LASEP/UFPB) and Laboratoério de
Ictiologia Sistematica e Evolutiva da Universidade Federal do Rio Grande
do Norte (LISE/UFRN). After identification, specimens were deposited in
the Ichthyological collections at the UFPB (29 lots) and UFRN (two lots).

Meristic and morphometric data involved in the identification process
were obtained according to Hubbs & Lagler (2006). Species identification
was performed according to specialized literature (e.g., Kullander 1983,
Britski et al. 1984, Vari 1989, Castro & Vari 2004, Ramos 2012). Taxonomic
classification and endemism of species followed Eschmeyer et al. (2017)
and Rosa et al. (2003), respectively.
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3. Data analysis

Species occurrence was analyzed according to occurrence frequency
(FO in percentage) of the species against evaluation criteria for values: Very
common (FO >70%); Common (FO between 50% and 70%); Uncommon
(FO between 10% and 50%) and Rare (FO < 10%).

To evaluate abundance of each species, total number of species captured
was considered and relative abundance of each species was obtained by

dividing the number of individuals captured from each species by total
number of specimens.

Results

A total of 2,057 specimens were collected in the Epitacio Pessoa and
Argemiro de Figueiredo Reservoirs, representing freshwater fish from three
orders, 10 families, 16 genera, and 17 species (Table 1). In the Argemiro de

Table 1. List of fish species recognized in Argemiro Figueiredo (AF) and Epitacio Pessoa (EP) reservoirs and their respective downstream areas (DAF) and (DEP),
Paraiba do Norte River basin, Northeastern Brazil with their respective names. Endemic: endemism in Caatinga biome; Allochthonous: introduced from other regions;
Autochthonous: native to the region; Exotic: introduced from other countries.

Taxon Popular name Origin AF EP DAF DEP Voucher
CHARACIFORMES
Crenuchidae
Characidium bimaculatum Fowler, 1941 “Filhote de traira” Endemic X UFPB-10631
Erythrinidae
Hoplias cf. malabaricus (Bloch, 1794) “Traira” Autochthonous X X X X UFPB-10604
Parodontidae
Apareiodon davisi Fowler, 1941 “Piau” Endemic X X UFPB-10601
Anostomidae
Leporinus piau Fowler, 1941 “Piau” Endemic X X X X UFPB -10606
Curimatidae
Psectrogaster rhomboides Eigenmann & Eigenmann, 1889 “Cumata” Endemic UFPB-10607
Steindachnerina notonota (Miranda Ribeiro, 1937) “Piaba” Endemic X X UFPB-10616
Prochilodontidae
Prochilodus brevis Steindachner, 1875 “Curimata” Endemic X X X X UFPB - 10608
Triportheidae
Triportheus signatus (Garman, 1890) “Sardinha” Endemic X X X X UFPB-10600
Characidae
Astyanax aff. bimaculatus (Linnaeus, 1758) “Piaba” Autochthonous X X X X UFPB -10603
Astyanax aff. fasciatus (Cuvier, 1819) “Piaba” Autochthonous X X X UFPB-10635
Compsura heterura Eigenmann, 1915 “Piaba” Autochthonous X UFPB-10627
Hemigrammus rodwayi Durbin, 1909 “Piaba” Autochthonous X UFPB-10632
Hemigrammus marginatus Ellis, 1911 “Piaba” Autochthonous X UFPB-10630
Serrapinnus heterodon (Eigenmann, 1915) “Piaba” Autochthonous X UFPB-10634
Hyphessobrycon parvellus Ellis, 1911 “Piaba” Autochthonous X UFPB-10633
SILURIFORMES
Heptapteridae
Pimelodella enochi Fowler, 1941 “Cascudo” Endemic X X UFRN-0443
Rhamdia quelen (Quoy & Gaimard, 1824) “Jundia” Autochthonous X UFPB-10625
Loricariidae
Hypostomus pusarum (Starks, 1913) “Cascudo” Endemic X X X UFPB-10602
Parotocinclus jumbo Britski & Garavello, 2002 “Cascudinho” Endemic X UFPB-10628
Parotocinclus spilosoma (Fowler, 1941) “Cascudinho” Endemic X UFRN-0731
CYPRINODONTIFORMES
Poeciliidae
Poecilia reticulata Peters, 1859 “Barrigudinho” Allochthonous X UFPB-10629
Poecilia vivipara Bloch & Schneider, 1801 “Barrigudinho” Autochthonous X X UFPB-10626
SYNBRANCHIFORMES
Synbranchidae
Synbranchus aff. marmoratus Bloch, 1795 “Mussum” Autochthonous X UFPB-10623
PERCIFORMES
Sciaenidae
Plagioscion squamosissimus (Heckel, 1840) “Pescada” Allochthonous X X UFPB-9983
Cichlidae
Astronotus ocellatus (Agassiz, 1831) “Oscar” Allochthonous X UFPB-10605
Cichla ocellaris Bloch & Schneider 1801 “Tucunar¢” Allochthonous X UFPB-10609
Cichlasoma orientale Kullander, 1983 “Corr¢ preto” Endemic X X UFPB-9951
Crenicichla menezesi (Ploeg, 1991) “Quatro-olho” Endemic X X X X UFPB-9980
Geophagus brasiliensis (Boulenger, 1897) “Acard” Autochthonous X X X X UFPB-9952
Oreochromis niloticus (Linnaeus, 1758) “Tilapia-do-Nilo” Exotic X X UFPB-9985
Coptodon rendalli (Boulenger, 1897) “Tilapia” Exotic X X UFPB-2883
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Figueiredo Reservoir a total of 1,482 specimens were collected, representing
13 species and in the Epitacio Pessoa reservoir a total of 575 specimens were
collected, belonging to 16 species. Of the 17 species recorded, 12 species
were common to both reservoirs, one species, Apareiodon davisi, was
recorded only in the Argemiro Figueiredo Reservoir, and four species in
the Epitacio Pessoa Reservoir: Astronotus ocellatus, Cichlasoma orientale,
Cichla ocellaris, and Psectrogaster rhomboides.

Characiformes and Perciformes showed the highest species richness
in the reservoir ichthyofauna, both with eight species (47.1%) of the
17 species registered. However, five species of the order Perciformes were
introduced: Astronotus ocellatus, Cichla ocellaris, Oreochromis niloticus,
Coptodon rendalli, and Plagioscion squamosissimus. Species from the
order Characiformes were distributed within seven families and seven
genera, and those species from the order Perciformes were distributed
within two families and eight genera. The order Siluriformes, within the
reservoirs, was represented by only one species (Hypostomus pusarum).

Cichlidae was family with the highest species richness in the Epitacio
Pessoa and Argemiro Figueiredo Reservoirs, representing 41,1% with
seven species. However, this family comprised only three species (17.7%)
when allochthonous and exotic species are removed from this account,
this is also the case of the Characidae family. Oreochromis niloticus
(exotic species) was most abundant species, representing a total of
with 473 (23%) specimens collected, and Plagioscion squamosissimus
(allochthonous species) was second most abundant species, representing
a total of 430 (21%) collected specimens. Astyanax aft. bimaculatus
was the most abundant among the native species, representing a total of
189 (9%) collected specimens, followed by Geophagus brasiliensis with a
total of 172 (8%) collected specimens. Cichlidae and Sciaenidae were the
families with highest relative abundance values, comprising 45% and 21%,
respectively, of all sampling of the two reservoirs. It is important to note
that Sciaenidae family was represented by only one species, Plagioscion
squamosissimus. Other families had a relative abundance percentage below
10%. Perciformes was the most abundant order in the Epitacio Pessoa and
Argemiro de Figueiredo Reservoirs, representing a total of 1,372 (67%)
collected specimens, followed by Characiformes with a total of 598 (29%)
specimens and Siluriformes with a total of 87 (4%) specimens.

Analysis of frequency of occurrence (FO%) in the Argemiro de
Figueiredo reservoir showed that six species were classified as “Very

Common”, four species as “Common”, two species as “Uncommon” and
one species as “Rare” (Table 2). For the Epitacio Pessoa Reservoir, five
species were classified as “Very Common”, six species as “Common”,
four species as “Uncommon” and a single species as “Rare” (Table 2).

In the lotic portion of the river downstream from Argemiro de
Figueiredo and Epitacio Pessoa reservoirs, 271 specimens were collected
and represented 24 species, 20 genera, 11 families, and five freshwater fish
orders (Table 1). Additional species were recorded through downstream
sampling but these were not recognized within the reservoirs. In the area
downstream of Epitacio Pessoa Reservoir, 12 species were recorded in
which five species were not collected in the reservoir: Apareiodon davisi,
Steindachnerina notonota, Parotocinclus spilosoma, Pimelodella enochi,
and Poecilia vivipara. In the area downstream of Argemiro de Figueiredo
Reservoir, 20 species were recorded in which 11 species were not
collected in the reservoir: Characidium bimaculatum, Compsura heterura,
Hyphessobrycon cf. parvellus, Hemigrammus marginatus, Hemigrammus
rodwayi, Parotocinclus jumbo, Poecilia reticulata, Rhamdia quelen,
Serrapinnus heterodon, Steindachnerina notonota, and Synbranchus aff.
marmoratus. In these two downstream areas, 12 families were recognized
but seven of these families bear only one species.

Atotal of 31 species were collected in Argemiro Figueiredo and Epitacio
Pessoa Reservoirs and their downstream areas, distributed within 27 genera,
14 families, and five orders (Table 1). Characiformes was the order with
the largest species richness, comprising 15 species within 13 genera and
eight families, and representing 48% of recorded species (Figure 3A).
Perciformes was the second richest order with eight species recognized
within eight genera and two families, and representing 26% of recorded
species. Characidae and Cichlidae were families with the highest number
of species, both with seven species representing 23% of species sampled,
followed by Loricariidae with three (10%) species (Figure 3B).

Discussion

The dams built in the intermittent rivers of Brazilian Northeast region
serve as a refuge for freshwater fishes during drought periods. The number
of species (17) recorded in the two reservoirs in our study is in accordance
to other reservoirs in the region. Gurgel-Lourenco et al. (2013) also listed
17 species from Paulo Sarasate and Edson Queiroz Reservoirs, both located

Table 2. Occurrence Frequency Classification (F.0.%) for species from Epitacio Pessoa (EP) and Argemiro de Figueiredo (AF) Reservoirs.

Species EP . " AF . "
N FO (%) Classification N2 FO (%) Classification

Hoplias ct. malabaricus 45 100 Very common 9 50 Common
Astronotus ocellatus 34 91,6 Very common - - -
Cichla ocellaris 53 83,3 Very common - - -
Prochilodus brevis 52 83,3 Very common 2 8,33 Rare
Geophagus brasiliensis 52 75 Very common 120 83,3 Very common
Leporinus piau 54 66,6 Common 6 41,6 Uncommon
Psectrogaster romboides 19 66,6 Common - - -
Hypostomus pusarum 63 58,3 Common 24 50 Common
Triportheus signatus 58 58,3 Common 29 83,3 Very common
Cichlasoma orientale 19 50 Common - - -
Crenicichla menezesi 11 50 Common 149 100 Very common
Oreochromis niloticus 67 41,6 Uncommon 406 100 Very common
Astyanax aff. bimaculatus 34 25 Uncommon 155 50 Common
Plagioscion squamosissimus 8 25 Uncommon 422 100 Very common
Coptodon rendalli 5 25 Uncommon 23 50 Common
Astyanax aff. fasciatus 1 8,3 Rare 30 16,6 Uncommon
Apareiodon davisi - - - 104 75 Very common
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Figure 3. Fish species richness by Order (A) and Family (B) collected in Argemiro

in Ceard State. Sanchez-Botero et al. (2013) recognized 9 species by
conducting monthly samplings for a period of six months in Santo Anastacio
Reservoir at Ceara State. Silva-Filho et al. (2011) recorded 14 species in
Duas Unas reservoir, review at Jaboatdo River basin, Pernambuco State.
Marinho et al. (2006) recognized seven species in Namorados (municipality
of'Sao Jodo do Cariri) and Soledade (Soledade municipality) reservoirs at
Paraiba do Norte River basin, which are under the hydrographic domain of
Taperod sub-basin. Montenegro et al. (2012) listed 11 species for Taperoa II
reservoir, located in Taperoa municipality at Paraiba do Norte River basin.
Our study supports a much higher number of species when compared to
these previous studies in the same basins.

Characiformes and Siluriformes generally present the greatest species
richness Neotropical regions (Lowe-McConnel 1987, Reis et al. 2003),
as well as in Brazil (Buckup et al. 2007). The proportional richness of the
order Characiformes has been a natural tendency of ichthyofauna basins
under influence of the Caatinga biome (Ramos et al. 2005, Silva et al.
2014, Ramos et al. 2014, Silva et al. 2015). The Characidae family, one
of the richest families in this study, generally has the greatest richness in
fish diversity in Northeast Brazil (Ramos et al. 2005, Paiva et al. 2014,

http://www.scielo.br/bn

Figueiredo and Epitacio Pessoa reservoirs and their respective downstream areas.

Silva et al. 2014, Ramos et al. 2014, Silva et al. 2015). Rosa et al. (2003)
observed that Characidae was the most diversified family (50 species)
when studied the diversity of Caatinga ichthyofauna. Most of its species
are associated to inland waters of Brazil (Britski 1972).

However, order Perciformes displays higher species diversity than
the order Siluriformes when it comes to reservoirs (Marinho et al. 2006,
Montenegro et al. 2012, Sanchez-Botero et al. 2013, Gurgel-Lourenco et al.
2015). The higher species diversity of the order Perciformes in the semiarid
reservoirs can be correlated to the lentic habit of Caatinga reservoirs, to
which Cichlidae species, the most diverse family within the order, are
well adapted (Kullander 2003, Langeani et al. 2007). Whereas species of
the order Siluriformes are adapted to running water (lotic) environments
(Nelson 2006). Epitacio Pessoa and Argemiro de Figueiredo Reservoirs
as well as other Caatinga reservoirs are lentic environments that are more
suitable for the predominance of cichlids. Most of the exotic species within
the Caatinga rivers belong to the Cichlidae family, as pointed out in our
results previously that noticed five out of eight Cichlidae species were
introduced in these two reservoirs.
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Oreochromis niloticus, popularly known as “Nile tilapia”, is an exotic
species that is well established in the Brazilian semiarid region and the
most abundant species recorded in Epitacio Pessoa and Argemiro de
Figueiredo Reservoirs. This species feeds mainly on phytoplankton and
zooplankton, and it has great trophic plasticity and it is highly tolerant
to environmental variations (Gurgel & Fernando 1994, Starling et al.
2002, Attayde et al. 2007). The abundance of Oreochromis niloticus is
related to breeding in tanks from Argemiro Figueiredo Reservoir where
406 out of 473 specimens were collected. In addition to competition for
food resources, mostly zooplankton, this species may affect other species
through changes in habitat quality. Omnivorous filter-feeding fish such as
tilapia tend to increase total phytoplankton biomass through predation on
zooplankton and nutrient recycling (Drenner et al. 1996, Attayde et al. 2007).

Plagioscion squamosissimus, the second most abundant species, was
introduced in reservoirs in Northeast Brazil during the early 1950s by
Departamento Nacional de Obras Contra a Seca (DNOCS). However,
fisheries were only productive from 1970s onwards (Fontenele & Peixoto
1978, Sato & Godinho 1999). Introduction of exotic species is considered
to be one of the major reasons for biodiversity loss and the second major
cause of animal extinction (Fontana et al. 2003, Ziller & Zalba 2007). Exotic
fish may act as predators, competitors or even disseminate pathogenic
organisms (Reis et al. 2003).

Astyanax aff. bimaculatus is a native species, is the third most abundant
representative in the two reservoirs, along with other small Characidae
species, popularly known as “piabas” in Northeastern Brazil, that is generally
the most abundant group in the region (Ramos 2012, Paiva et al. 2014,
Silva et al. 2014). These species are not valuable for fisheries purposes due
to their relatively small size (Ramos 2012). However, these species are of
importance as a food source for carnivorous species (Camara et al. 1991).
The relative low frequency of “piabas” in these reservoirs, and particularly
in Epitacio Pessoa reservoir, when compared to Oreochromis niloticus and
Plagioscion squamosissimus may be related to the abundance of Cichla
ocellaris and Hoplias cf. malabaricus. The latter two species, such as
P. squamosissimus, are considered top predators that have piscivorous habits
and feed on small whole fishes such as “piabas” when adults (Goldstein
1973, Lowe-McConnell 1975, Peixoto 1982, Lowe-McConnell 1987,
Resende et al. 1996, Almeida et al. 1997, Bennemann & Shibatta, 2002.).

Apareiodon davisi, one of the most representative species in our survey,
was collected in Argemiro de Figueiredo Reservoir only, and registered
during most of the sampling period. Species of the genus Apareiodon
are generally found in habitats characterized by flowing water with high
oxygen concentrations and rocky substrates, typical of lotic environments.
Most of its species are found in rapids, and scrape rock-adhered algae off
rocks as their food source (Pavanelli 2006). However, A. davisi was one
of the six most abundant species from Argemiro de Figueiredo Reservoir,
which leads us to infer that a population of this species is adapted to lentic
conditions that are distinctive of this reservoir.

Apareiodon davisi is endemic to the Mid-Northeastern Caatinga
ecoregion and it was described from specimens collected in drainages
of Jaguaribe, Piranhas-Agu, and Paraiba do Norte rivers by Rodolfo Von
Thering during the decade of 1930 in Ceara and Paraiba States (Fowler,
1941). Apareiodon davisi is the only threatened species among those
herein recognized, according to the criteria from the Brazil’s official list
of endangered species of fish and aquatic invertebrates (Brasil, 2014),
due to the following aspects: 1) recent records detected reduction of
population size. In the decades of 1940 and 1950, samples of 4. davisi were
abundant (around 100 specimens collected). However, recent expeditions
have shown a decrease in the number of collected specimens (less than
10 specimens). Additionally, a single specimen has been recently collected
in the type locality of 4. davisi (b iv), in the North Paraiba River basin,
with few additional specimens collected in recent years; 2) continuous
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decline of habitat quality (b iii). The locations in which 4. davisi has been
registered have suffered anthropogenic impacts such as deforestation due
to expansions of sugar cane farming and extensive livestock, erosion, and
river siltation. In addition, the main basins where this species is recognized
are characterized by an intermittent regime and will receive water from
the San Francisco River transposition. The consequences of changes
in the hydrological regime (intermittent to perennial) are unknown to
A. davisi. 3) severe fragmentation of its populations (a). Uninterrupted
dams contribute to population fragmentation in the basins where 4. davisi
are registered. Population regressions were not yet quantified for this
species, but occupation area (AOO) together with current records of this
species were calculated as 93,9 Km? (B2), which categorize A. davisi as
“endangered (EN)”, according to B2 ab (iii,iv) criteria (Brasil, 2014).

Characiformes and Siluriformes, and the families Characidae, Loricariidae,
and Cichlidae in the downstream area of Epitacio Pessoa and Argemiro
de Figueiredo reservoirs were the most representative groups, which is
in agreement with other studies from Northeast Brazil such as those by
Ramos et al. (2005), Silva et al. (2014), Ramos et al. (2014), Silva et al.
(2015). These results, however, differed regarding ichthyofauna within
the reservoirs, as mentioned above.

Poecilia reticulata is the only species considered as introduced
into the region that was not recorded within the two reservoirs among
24 species recognized in the downstream area of Argemiro de Figueiredo
and Epitacio Pessoa Reservoirs. This is a small and well-disseminated
species in Northeast Brazil, commonly used for aquarium trading and as
pest control (Ramos 2012).

Two new occurrences were recorded from Paraiba do Norte River
basin: Hemigrammus rodwayi Durbin, 1909, previously known from
Guyana, Suriname, French Guiana Rivers and the Amazon basin; and
Hyphessobrycon ct. parvellus Ellis, 1911 known from the coastal drainage of
Bahia State, Brazil (Reis et al. 2003, Buckup et al. 2007). The occurrence of
Hemigrammus rodwayi in the Brazilian Northeast is considered natural due
to environmental similarities between the ichthyofauna of these regions as
mentioned in Agassiz & Agassiz (1938) and Paiva (1978). Hyphessobrycon
cf. parvellus was previously recorded from Sao Francisco River basin and
its distribution is now extended to the MNCE. Both Hemigrammus rodwayi
and Hyphessobrycon cf. parvellus were collected in several coastal rivers
of Northeastern Brazil (Telton Ramos, personal communication).

Six species out of 31 species recorded in the present study were
introduced, and 25 autochthonous species (Figures 4 and 5) in which
13 species (52%) are endemic to the basins that drain Caatinga biome.
Six species (dpareiodon davisi, Characidium bimaculatum, Hypostomus
pusarum, Parotocinclus jumbo, P. spilosoma and Pimelodella enochi)
are endemic to the MNCE. Parotocinclus spilosoma and Pimelodella
enochi are endemic to Paraiba do Norte River drainage, to which the water
bodies of the studied regions belong (Reis et al. 2003, Rosa et al. 2003,
Buckup et al. 2007). Studies on the biology of these endemic species that
address adaptations in intermittent rivers such as Paraiba do Norte River
are unknown, which makes it difficult to predict environmental impacts
that changes in the hydrological regime may cause to them after the river
transposition. However, special heterogeneity created from different
hydrological phases and environmental variables (characteristics from the
intermittent rivers) are important factors in the maintenance of a rich and
mutable ichthyofauna as it decreases the comprehensive pattern of species
dominance. Formation of pools of a variety of sizes and shapes in riverbeds
increase fish resilience after flooding as many species use them as a habitat
for reproduction (Medeiros & Maltchick 2001, Barbosa et al. 2012).

According to Maltchik (1999), fish diversity in rivers of the semi-arid
region shows an inverse relationship with the hydrological stability, meaning
that rivers of greater hydrological stability with minimal seasonal variability
have lower rates of biological diversity than rivers with a more instable
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Figure 4. Fishes from the sampled areas of the Argemiro Figueiredo and Epitacio Pessoa reservoirs and their respective downstream areas. a) Prochilodus brevis,
120.5 mm SL; b) Leporinus piau, 101.2 mm SL; ¢) Astyanax aff. bimaculatus, 62.1 mm SL; d) Astyanax aff. fasciatus, 66.7 mm SL; e) Compsura heterura, 38.4 mm
SL; ) Hemigrammus rodwayi, 26.2 mm SL; g) Hemigrammus marginatus, 34.7 mm SL; h) Serrapinnus heterodon, 35.2 mm SL; i) Hyphessobrycon parvellus, 21.4 mm
SL; j) Characidium bimaculatum, 30.3 mm SL; k) Triportheus signatus, 84.5 mm SL; 1) Apareiodon davisi, 75.4 mm SL; m) Hoplias cf. malabaricus, 92.7 mm SL;
n) Psectrogaster rhomboides, 140.5 mm SL; o) Steindachnerina notonota, 96.5 mm SL; p) Pimelodella enochi, 175.3 mm SL.
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Figure 5. Fishes from the sampled areas of the Argemiro Figueiredo and Epitacio Pessoa reservoirs and their respective downstream areas. a) Rhamdia quelen, 129.1 mm
SL; b) Hypostomus pusarum, 124.5 mm SL; c¢) Parotocinclus jumbo, 53.6 mm SL; d) Parotocinclus spilosoma, 38.1 mm SL; e) Poecilia vivipara, 27.1 mm SL;
) Cichlasoma orientale, 74.3 mm SL; g) Crenicichla menezesi, 89.7 mm SL; h) Geophagus brasiliensis, 118.4 mm SL; i) Synbranchus aff. marmoratus., 170.5 mm SL.

hydrology. The author further states that this pattern may be explained by
the presence of dominant species in rivers of greatest hydrological stability.

The Northeast region of Brazil is currently undergoing a water
transposition process, in which waters of Sao Francisco River basin, which
is characterized by a perennial regime, will be artificially connected to the
four largest basins of the MNCE that have an intermittent regime. In addition
to Paraiba do Norte basin, the watersheds of the Apodi-Mossor6 (Rio
Grande do Norte), Jaguaribe (Ceard) and Piranhas-Acu Rivers (Paraiba
and Rio Grande do Norte) will also receive water from Sao Francisco River
basin through two main channels (Pittock et al. 2009). The transposition of
water from the S@o Francisco basin to MNCE basins may cause changes
in species composition, structure and dynamics of these ecosystem fish
communities. Taxonomic studies such as the current study are crucial for
comparative reevaluation post-transposition. The study of the ichthyofauna
of Argemiro de Figueiredo and Epitacio Pessoa Reservoirs and their
downstream areas improved the knowledge of fish diversity from Paraiba
do Norte River basin, reinforcing subsidies for environmental protection
and conservation of its watersheds. Understanding the local ichthyofauna
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and their ecosystems is essential for assessing future impacts caused by
the transposition of Sdo Francisco River as an example of direct anthropic
action as well as by introducing exotic species.
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