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ABSTRACT. DNA barcoding is a useful complementary tool for use in 
traditional taxonomic studies due to its ability to detect cryptic species, 
and may be particularly efficient in the identification of fish species. 
The fish fauna of the Itapecuru River represents an important fishery 
resource in the Brazilian State of Maranhão, although it is currently 
suffering increasing degradation as a result of anthropogenic impacts. 
Therefore, DNA barcoding was used in the present study to identify 
fish species and establish a database of the rich freshwater fish fauna of 
Maranhão. A total of 440 specimens were analyzed, corresponding to 
64 species belonging to 59 genera, 31 families, and 10 orders. Overall, 
92.19% of these species could be identified by DNA barcoding, and 
were characterized by low levels (average 0.80%) of intra-specific 
divergence. However, five species (Anableps anableps, Gymnotus 
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carapo, Sciades couma, Pseudauchenipterus nodosus, and Leporinus 
piau) presented values of mean genetic divergence above 3%, indicating 
the existence of cryptic diversity in these fishes. The DNA barcoding 
approach permitted the analysis of a large number of specimens and 
facilitated the discrimination and identification of closely related fish 
species in the Itapecuru Basin.

Key words: Fish; Maranhão; Fish identification; Itapecuru basin; 
DNA barcoding; Cytochrome oxidase I

INTRODUCTION

Since the beginning of the 21st century, DNA barcoding has received increasing attention 
from taxonomists worldwide, due to its potential to standardize the identification of all lifeforms. In 
particular, DNA barcoding has become an important complementary tool for traditional taxonomic 
studies, especially for the identification of cryptic species (Molbo et al., 2003; Hebert et al., 2004).

The freshwater fish fauna of South America is considered to be the most diverse 
on the planet, with approximately 6000 known species, and an estimated 8000 total 
species (Schaefer, 1998; Reis et al., 2003; Turner et al., 2004). However, in many cases, 
the evolutionary processes resulting in this diversity are difficult to understand due to the 
reduced morphological variability found in Neotropical fishes. In Brazil, approximately 25% 
of the region’s freshwater fish species have been described, including at least 3261 known 
forms (Lewinsohn and Prado, 2005). This diversity has attracted the attention of the scientific 
community, through studies based on the molecular identification of fish species (Henriques, 
2010; de Carvalho et al., 2011; Ribeiro et al., 2012; Pereira et al., 2013); however, these 
analyses are limited in comparison to the country’s hydrological potential.

The diversity of Brazilian fishes is poorly known in scientific terms, and the fauna of 
the State of Maranhão may be even less well-known than that of most other states. In fact, 
studies on the taxonomy, ecology, and biogeography of the fishes of Maranhão are practically 
non-existent, which is a preoccupying situation, given the major transformations taking place 
in the state as a result of anthropogenic impacts, which may lead to the extinction of certain 
as-yet unidentified species. Two studies analyzing morphological evidence have focused on 
the diversity of fish in the Itapecuru River. In the first study (Piorski et al., 1998), 41 species 
belonging to 36 genera and 13 families were identified on the lower Itapecuru, while in the 
second, more comprehensive study (Barros et al., 2011), 69 species representing 65 genera, 29 
families, and 10 orders, were identified in the three sectors of the basin.

The basin of the Itapecuru River is contained wholly within the Brazilian State of 
Maranhão, where it has considerable historical significance. In fact, this river was a focal point 
during the colonization of the state due to its role in agricultural production. Furthermore, until 
the 20th century, it was the primary route used to transport products between the southern and 
northern regions of the state (Feitosa, 1983; Feitosa and Almeida, 2002; Alcântara, 2004). 
The importance of this river for the region’s economy, together with climate change and the 
burgeoning growth of the local population, has contributed to the declining quality of its waters, 
which has had profound effects on the fauna and flora of the whole basin. Therefore, we used 
DNA barcoding techniques to identify fish specimens in the Itapecuru Basin, providing the 
first molecular data on the rich freshwater fish fauna of the Brazilian State of Maranhão.
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MATERIAL AND METHODS

Sampling

All the specimens analyzed in the present study were collected in accordance with 
Brazilian environmental legislation, and the collection of biological samples was authorized 
by the Brazilian Federal Institute for the Environment and Renewable Natural Resources 
(IBAMA) through license number 02012.004159/2006.

A total of 440 fish specimens were collected. Following the analysis of morphological 
characteristics, a small fragment of muscle tissue was extracted for genetic analyses and 
conserved in 95% ethanol. Voucher specimens were deposited in the zoological collections 
of the Zoology Museums of the University of São Paulo and Londrina State University. The 
sample points were selected strategically according to the characterization of the Itapecuru 
Basin with the upper, middle, and lower stretches (Bezerra, 1984) of the river being sampled 
during eight expeditions (Figure 1).

Figure 1. Map of the basin of the Itapecuru River in Maranhão (Brazil), modified from Barros et al. (2011) by 
Limeira Filho. Collecting points: purple: Rosário; gray: Itapecurumirim; orange: Aldeias Altas; green: Caxias; 
white: APA do Inhamum; blue: Governador Eugênio Barros; yellow: Colinas; red: Mirador.

DNA extraction, amplification, and sequencing

Total DNA was extracted from muscle tissue using three different approaches: a 
phenol-chloroform protocol (Sambrook and Russell, 2001), a commercial Promega kit, and the 
plate method (Ivanova et al., 2006). A 650-bp sequence from the 5'-region of the cytochrome 
oxidase I (COI) gene was isolated using the primers COIF1/COIR1 (Ward et al., 2005) and 
COIL6252Asn-/COIH7271COXI5 (Melo et al., 2011). Polymerase chain reaction (PCR) was 
performed in a final volume of 25 µL, containing 1 µL 250 ng/mL DNA, 0.25 µL (200 ng/mL) 
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of each primer (forward and reverse), 2.5 µL 10X buffer, 4 µL 1.25 M DNTPs, 0.5 µL 50 mM 
MgCl2, 0.2 µL 5 U/mL Taq DNA polymerase, and distilled water to the final reaction volume.

The PCR protocols varied according to the combination of primers used. For the 
first pair (COIF1/COIR1), the protocol consisted of an initial denaturation of 2 min at 95°C, 
followed by 35 cycles of 30 s at 94°C, 60 s at 56°C, and 60 s at 72°C, and a final extension 
of 7 min at 72°C. For the second combination of primers, the PCR consisted of an initial 
denaturation of 5 min at 96°C, followed by 35 cycles of 45 s at 96°C, 45 s at 54°C, and 60 s at 
72°C, and a final extension of 1 min at 72°C.

The PCR products were purified using an ExoSap-IT kit (USB Corporation), according 
to the manufacturer recommendations. DNA sequencing was performed using the purified 
products (Sanger et al., 1977) with the BigDye Terminator v.3.1 Cycle Sequencing Ready 
Reaction kit (Applied Biosystems, Foster City, CA, USA). Sequences were obtained in an ABI 
3500 automatic sequencer (Applied Biosystems).

Information on the number of voucher specimens, taxonomy, the specimen collectors, 
collection dates, and the institutions at which the specimens are deposited can be found on 
the Barcode of Life Database, BOLD (http://www.boldsystems.org/) within the scope of the 
“DNA Barcodes of fishes from the Itapecuru River Basin” project.

Data analysis

Sequence quality was tested using Geneious (Drummond et al., 2011), considering the 
three categories for the formation of contigs (low, medium, and high quality). The sequences 
generated in the forward and reverse directions were edited and aligned in BIOEDIT (Hall, 
1999). Genetic distances were calculated using the Kimura-2 parameter substitution model 
(Kimura, 1980). The dendrograms were based on the neighbor-joining method (Saitou and 
Nei, 1987), run in MEGA 6 (Tamura et al., 2013). The significance of the defined clades was 
estimated using bootstrap analysis (Felsenstein, 1985).

RESULTS

The 440 samples analyzed in the present study generated a library of data 
corresponding to 64 species belonging to 59 genera, 31 families, and 10 orders (Table 1). 
The orders Characiformes and Siluriformes contained the largest numbers of species, whereas 
Mugiliformes, Beloniformes, and Pleuronectiformes were each represented by a single species 
(Figures S1, S2, S3, S4 and S5).

Using the 2-3% species cut-off criterion, a total of 59 species were identified, of 
which, six (9.37%) were represented by a single specimen (singletons). However, for five 
(7.81%) species, the mean genetic difference among specimens was higher than 3%, which is 
greater than the species cut-off point selected for the present study.

In 92.19% of cases, the species identified by DNA barcoding corresponded to those 
defined based on the analysis of morphological traits. Low levels of intra-specific genetic 
divergence were observed (Figure 2), with 93.12% of distances ranging between 0 and 3% 
(54 species, excluding singletons), while 79.95% of the intra-generic distances (44 genera, 
excluding singletons) were also lower than 3% (Figure 2). On average, the intra-specific 
distances were approximately 30 times lower than the inter-specific distances (25.63%), giving 
a mean of 0.80% (excluding singletons); however, values ranged from 0.0 to 8.09% (Table 2).

http://www.geneticsmr.com/year2016/vol15-3/pdf/8476-su1.pdf
http://www.geneticsmr.com/year2016/vol15-3/pdf/8476-su2.pdf
http://www.geneticsmr.com/year2016/vol15-3/pdf/8476-su3.pdf
http://www.geneticsmr.com/year2016/vol15-3/pdf/8476-su4.pdf
http://www.geneticsmr.com/year2016/vol15-3/pdf/8476-su5.pdf
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Table 1. Fish taxa collected in the basin of the Itapecuru River analyzed in the present study using the 
cytochrome oxidase I (COI) gene.

Taxa 
Order Family Number of genera Number of species 
Siluriformes Heptapteridae 2 3 
 Ariidae 2 2 
 Auchenipteridae 4 5 
 Doradidae 2 2 
 Pimelodidae 4 5 
 Trychomycteridae 1 1 
 Loricariidae 3 3 
Characiformes Prochilodontidae 1 1 
 Cynodontidae 1 1 
 Characidae 6 6 
 Lebiasinidae 1 1 
 Serrasalmidae 4 4 
 Curimatidae 3 3 
 Acestrorhynchidae 1 1 
 Erythrinidae 1 1 
 Anostomidae 2 2 
 Hemiodontidae 1 1 
Gymnotiformes Sternopygidae 1 1 
 Gymnotidae 1 1 
 Apteronotidae 1 1 
 Rhamphichtyidae 1 1 
Perciformes Scianidae 2 2 
 Centropomidae 1 1 
 Cichlidae 6 6 
Mugiliformes Mugilidae 1 1 
Clupeiformes Engraulidae 1 2 
Cyprinodontiformes Rivulidae 1 1 
 Anablepidae 1 1 
Synbranchiformes Synbranchidae 1 2 
Beloniformes Belonidae 1 1 
Pleuronectiformes Anchiridae 1 1 
 Total 59 64 
 

Figure 2. Distribution of genetic distances at different taxonomic levels for the fish specimens collected in the 
Itapecuru Basin in Maranhão, Brazil.
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Table 2. Mean genetic distances (Kimura-2 parameter) and standard deviations for the different taxonomic 
levels (excluding singletons) of the fish specimens collected from the Itapecuru Basin, Maranhão (Brazil).

Mean genetic distance (%) 

Comparison Number Minimum Mean Maximum Standard deviation 

Intra-species 58 0 0.80 8.09 0.002 

Intra-genus 4 2.65 5.13 7.70 0.006 

Intra-family 12 5.29 11.69 21.94 0.010 

Intra-order 7 3.02 10.65 23.74 0.011 

 
Of note, the species Anableps anableps, Gymnotus carapo, Pseudauchenipterus 

nodosus, Sciades couma, and Leporinus piau presented intra-specific distances of over 3%, 
and clearly defined subclades (Table 3 and Figure 3). A. anableps was one of the most variable 
species, with distances of 0-11.61% between individuals, and a mean divergence of 6.56%, 
forming two distinct clades (Table 3 and Figure 3A).

Table 3. Genetic distances (Kimura-2 parameter) in the five species from the Itapecuru Basin, Maranhão 
(Brazil) with mean intra-specific distances greater than 3%.

Species Intra-specific distance Number of 

subclades 

Inter-subclade 

(%) 

Intra-subclade 

(%)  Minimum Mean Maximum 

Anableps anableps 0 6.56 11.61 2 5.89-11.61 0-6.30 

Gymnotus carapo - 8.09 - 2 8.09 - 

Pseudauchenipterus nodosus - 3.67 - 2 3.67 - 

Sciades couma 0 3.23 5.96 2 4.12-5.96 0-4.50 

Leporinus piau 0 3.68 4.00 2 3.51-4.00 0-0.11 

 

Figure 3. Neighbor-joining dendrograms based on 1000 bootstrap replicates of the cytochrome oxidase I (COI) 
sequences of four fish species that presented intra-specific genetic distances (Kimura-2 parameter) higher than 3%. 
A. Anableps anableps; B. Gymnotus carapo; C. Pseudauchenipterus nodosus; D. Sciades couma.

For G. carapo, the mean genetic distance was 8.09% (Table 3 and Figure 3B), and 
when the data were analyzed using similarity indices calculated in BLAST and BOLD, this 
species was found to be more than 97% similar to G. chaviro, G. Pantanal, and G. carapo. 
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The P. nodosus specimens diverged by 3.67% (Table 3 and Figure 3C), whereas the BOLD 
analysis revealed a low percentage, which impeded any conclusive inference on the species 
status of the sample.

The considerable intra-specific distances found in S. couma also resulted in the 
formation of two subclades (Table 3 and Figure 3D). When the data were analyzed by clade, 
one presented internal genetic distances of 0%, and the other, distances ranging from 0 to 
4.50%, with a mean of 1.76%.

In the case of L. piau, the mean genetic distance between specimens was 1.67%, 
although the specimens were divided into two subclades, with distances between these 
subclades ranging from 0 to 4%, with a mean of 3.68% (Table 3 and Figure 4). Within-clade 
divergence was 0% in the first subclade and 0.00-0.48% in the second (data not shown) with 
a mean of 0.11%.

Figure 4. Neighbor-joining dendrogram based on 1000 bootstrap replicates of the cytochrome oxidase I (COI) 
sequences from Leporinus piau (Kimura-2 parameter), which, despite presenting a mean intra-specific of less than 
2%, returned high genetic distances in the pairwise analysis of the sequences.
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DISCUSSION

More than a decade after it was proposed that DNA fragments could be used to identify 
species (Hebert et al., 2003), different criteria have been suggested for the differentiation of 
species, such as a 1% level of divergence (Ratnasingham and Hebert, 2007), a value equivalent 
to 10 times the mean intra-specific distance (Hebert et al., 2004), and the barcoding gap (Meyer 
and Paulay, 2005). For Neotropical fish, however, a level of differentiation between 2 and 3% 
is usually considered (de Carvalho et al., 2011; Pereira et al., 2011, 2013); this criterion was 
adopted in the present study to analyze 59 species identified based on morphological criteria.

DNA barcoding results for specimens from the Itapecuru Basin provided a 
discrimination rate of 92.19%. Previous studies have demonstrated the efficiency of this 
technique when used to identify fish species, with intra-specific variation of between 98 and 
100% (de Carvalho et al., 2011; Pereira et al., 2011, 2013), although for freshwater fishes and 
marine fish species these values were 93 and 98%, respectively (Ward et al., 2009).

In the present study, mean intra-specific genetic distances were significantly smaller 
than mean inter-specific distances, emphasizing the precision of the barcoding technique 
for the identification of 54 fish species found in the Itapecuru Basin. However, five species 
were characterized as having high intra-specific distances, which also reveals the potential 
of DNA barcoding for the identification of cryptic variation among morphologically similar 
specimens. This reinforces the need for a combined approach, based on the identification of 
morphological and molecular traits. Where intra-specific divergence exceeds the cut-off limit 
for the definition of a species, the molecular evidence indicates the existence of more species 
than are identified by morphological analysis.

Considerable genetic diversity has also been found in populations of A. anableps from 
the northern (Amazon) coast of Brazil (Watanabe et al., 2014), where the evidence indicates 
the presence of four distinct mitochondrial lineages, which correlate with four distinct 
biogeographic regions. In this scheme, the population from the coast of Maranhão is part of 
the Caeté-Parnaíba lineage, characterized by significant gene flow among populations.

In the case of G. carapo, in addition to the high degree of divergence, marked similarity 
was found with three other Gymnotus species (Gymnotus chaviro, Gymnotus pantanal, and G. 
carapo) in the BOLD Systems analysis. In a study of the fish fauna of the Ribeira de Iguape 
basin, where four species of this genus (Gymnotus pantherinus, Gymnotus sylvius, G. carapo, 
and Gymnotus inaequilabiatus) are found, only G. pantherinus formed a clearly defined clade, 
while the other species overlapped (Henriques, 2010). As these sympatric species are difficult 
to identify, these findings may be explained by the misidentification of specimens, or by the 
presence of an alternative species of Gymnotus with similar characteristics, which is found in 
the Inhamum River, a tributary of the Itapecuru.

The separation of S. couma specimens into two well-separated clades further 
emphasizes the power of DNA barcoding, both for the discrimination of specimens and for the 
identification of novel variation, including new species. This technique may thus constitute 
an important complementary tool for the identification of species when the results by using 
morphological traits alone are inconclusive. In S. couma, DNA barcoding indicates the presence 
of distinct biological units that may represent a species-level process of differentiation.

Considerable variation was also found between specimens identified as L. piau from 
the Itapecuru Basin in an analysis of the 16S gene (Fraga et al., 2014), for which 10 haplotypes 
were found with a divergence of 0.2-1.9%. This indicates that his species is undergoing a 
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process of genetic differentiation, albeit without population structuring. A study of genetic 
variability between five anostomid species (Schizodon intermedius, Schizodon nasutus, 
Leporinus friderici, Leporinus elongates, and Leporinus obtusidens) from the Tibagi River 
based on iso-enzymes also recorded a high rate of polymorphism, ranging from 16.7% (S. 
intermedius) to 36.9% (L. friderici), reflecting high levels of differentiation (Chiari and Sodré, 
1999). A second study of L. friderici based on microsatellite markers also revealed high 
levels of heterozygosity (0.54) and genetic diversity (0.750) (Olivatti et al., 2011), providing 
additional evidence for the differentiation of fishes of the genus Leporinus.

In L. piau from the Itapecuru Basin, evidence indicates the existence of at least two 
distinct biological units, and the probable differentiation of L. piau (Fraga et al., 2014). In 
a study of Piabina argentea in the basin of the Paraná River, DNA barcoding revealed the 
presence of six clades, diverging by 3.0-5.6%, indicating the presence of at least five distinct 
species (Pereira et al., 2011).

The results of the present study confirmed the effectiveness of the COI barcode for 
the identification and discrimination of fish species analyzed in the Itapecuru Basin, with more 
than 90% of the species being determined. This approach has also been used successfully for 
the identification of fish species in a number of other studies (Hubert et al., 2008; de Carvalho 
et al., 2011; Ribeiro et al., 2012; Bellafronte et al., 2013). Considering that the Itapecuru, like 
many other Brazilian river basins, has considerable historic and economic value for the local 
riverside populations, and still contains a diverse fish fauna, the findings of the present study 
represent an important advance in the scientific understanding of the fauna of Maranhão.
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