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SHORT COMMUNICATION

Molecular identification of the fish fauna from the pantanal flood plain area in
Brazil

Cristiane Kioko Shimabukuro-Dias, Guilherme José da Costa Silva, Fernando Yuldi Ashikaga, Fausto Foresti and
Claudio Oliveira

Departamento De Morfologia, Laboratório De Biologia E Genética De Peixes, Universidade Estadual Paulista, Botucatu, São Paulo, Brazil

ABSTRACT
The Pantanal is under the influence of the Paraguay River flood regime is considered to be one of
the largest wetlands of the world, and has rich biodiversity, including fishes. Until now, the
identification of fish species in this biome has only considered the morphological characteristics of
individuals, and the present work aimed to identify the fish species of the Pantanal region through
the DNA barcode methodology for investigating the biodiversity in this region. The genetic analysis
of 638 samples via the GMYC approach identified 137 operational taxonomic units (OTUs)
belonging to 127 species that have previously been described according to their morphological
characteristics. Data suggest that 10 cases of morphospecies (Eigenmannia trileneata, E. virescens,
Pimelodella gracilis, Brachyhypopomus pinnicaudatus, Brachyhypopomus sp., Ancistrus sp.,
Hyphessobrycon eques, Jupiaba acanthogaster, and Serrapinnus calliurus) represent complexes of
cryptic species, and the number of species described in the Pantanal region has thus potentially
been underestimated.
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Introduction

The Pantanal is considered to be the largest wetland area in the

world, covers areas in three countries (i.e. Brazil, Bolivia, and

Paraguay) and is characterized by a rich diversity of species and

the seasonal flooding caused by the Paraguay River (Alho et al.

1988; Herris et al. 2005; Britski et al. 2007).

This great biodiversity is highly dependent on the rainy

seasons because among different species that compose the

fauna, fishes depend most heavily on the flood periods (Alho &

Vieira 1997; Bailly et al. 2008). However, this biome is currently

suffering the effects of human population expansion

(Agostinho et al. 2005; Abell et al. 2008).

Whereas species identification is an important step for the ‘‘in

situ’’ conservation of biodiversity (Agostinho et al. 2005), with

the advent of new technologies, molecular genetics has

increased in importance in this area and brought new tools

for determining taxonomies and elucidating many questions.

Thus, Hebert et al. (2003) proposed the DNA barcoding

methodology, which utilizes a short segment of 648 nucleotides

of the Cytochrome Oxidase C subunit I (COI) gene from the

mitochondrial DNA for the molecular identification of species.

Thus, the aim of this work was to characterize the biodiver-

sity of the fishes in the Pantanal (Brazil) through the DNA

barcode methodology using the General Mixed Yule

Coalescent (GMYC) approach as a means of improving the

estimate of the number of different operational taxonomic

units (OTUs) in this area. We also sought to identify the cases in

which discontinuities of genetic patterns were present among

morphologically indistinguishable individuals captured in sym-

patry to enable a better estimate of the specific abundance in

this region.

Material and methods

Sampling

For this study, 638 specimens belonging to 127 distinct

morphospecies were analyzed (Table 1) and all voucher are

deposited in the Laboratório de Biologia de Peixes (LBP), from

Universidade Estadual Paulista ‘‘Julio de Mesquita Filho’’ – UNESP

– Botucatu – Brazil. The morphological identifications to the

species level were performed by experts using the morpho-

logical keys described by Britski et al. (2007), but in some cases,

it was only possible extend the identifications to the genus level.

A portion of the vouchers analyzed here (75%) is coincident to

that sampled on the Pantanal National Park published by Polaz

et al. (2014) (Figure 1). Tissue samples were extracted, fixed in

ethanol 96%, and then stored at �20 �C. The specimens were

fixed in formalin solution (10%) and preserved in ethanol (70%).
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DNA extraction and sequencing

The genomic DNA was extracted using DNeasy Tissue Kits

(Qiagen, Valencia, CA). The primers used for amplification and

sequencing were the Fish F1 and Fish R1 (Ward et al. 2005).

Thus, the PCR products were sequenced in both directions

using the Big DyeTM Terminator v 3.1 Cycle Sequencing

Ready Reaction Kit (Applied Biosystems, Waltham, MA),

purified again by ethanol precipitation and loaded on an

automatic sequencer 3130-Genetic Analyzer (Applied

Biosystems, Waltham, MA).

Sequence analysis

The consensus sequences were obtained from the forward and

reverse strands using GENEIOUS PRO 5.4.2 (Drummond et al.

2010). The alignments were generated in MUSCLE (Edgar 2004).

The presence of stop codons was determined using GENEIOUS

PRO 5.4.2.

MEGA 6.0 (Tamura et al. 2013) was used for the detection of

nucleotide variations, substitution patterns, and genetic dis-

tances. To evaluate the occurrence of substitution saturation,

we estimated the Iss index in DAMBE 5.2.31 (Xia 2001). This

software was also used to evaluate the rate of transitions/

transversions. Finally, MODELTEST 3.7 (Posada & Crandall 1998)

was used to evaluate the best nucleotide evolution models for

the COI genes.

Molecular species definition

We used the general mixed Yule coalescent (GMYC) model

(Pons et al. 2006) for molecular species identification. We

generated the ultrametric on Beast 1.5.1 (Rambaut et al. 2014)

with the lognormal relaxed clock not calibrated and birth and

death model as the tree prior and the general time reversible

(GTR) nucleotide evolution model.

The Bayesian topology reconstruction was performed with a

Monte Carlo Markov chain (MCMC) procedure with 107

generations in which one tree per 1000 generations was

sampled, and we used a UPGMA tree to start the search. In the

program TRACER (Rambaut et al. 2014), we checked the

stationary phase in the log-likelihood score distribution to

calculate the best point for burnin. After burn-in, the tree

with the best credibility nodes (ultrametric tree) was

found via TreeAnnotator (Rambaut & Drummond 2012)

analysis.

The ultrametric tree was examined in R 3.0.0 (R Development

Core Team 2013) with the ‘‘splits’’ (species limits by threshold

statistics) package and the single threshold method using

standard parameters.

Figure 1. Coverage area of the Pantanal biome (in green), drained by the Paraguay River Basin. In detail (red star) is the location of the Parque Nacional do Pantanal
Matogrossense – Brazil, the main point of sampling.
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Results

All sequences were deposited to the BOLD database, belonging

to the project entitled: Barcode Fishes From Paraguay River

(BFPR). No pseudogenes, stop codons, insertions, and deletions

were detected. After alignment and editing of the consensus

sequences, we obtained a matrix with 549 base pairs with the

following nucleotide composition: 30.5% thymine, 27.6% cyto-

sine, 24.8% adenine, and 17.2% guanine. Among all analyzed

bases, 263 were conserved and 286 were variable, and there

were 12 singletons. The overall distance was 24.4% (i.e. the K2P

distance).

The chosen tree was used in the GMYC analysis with a

threshold time¼�0.005705752 (or 0.2% of genetic divergence

following the topology of the ultrametric tree), which revealed

the presence of 137 independent evolutionary units (confi-

dence interval 136–142; Figure 2). The genetic divergences

were estimated at three hierarchical levels of analysis as

follows: (1) the average genetic divergence between the

individuals within the same OTU was 0.3% with a range of 0–

0.9%; (2) the average genetic divergence among individuals

within a morphospecies was 0.6% with a range of 0–11.9%; and

(3) the minimum genetic divergence found between different

morphospecies was 1.8%.

Among the 127 analyzed morphospecies, the identities of

118 were confirmed by DNA barcode analysis, and the variation

in the number of OTU was probably due to the haplotype

differentiations between individuals within the same group.

Figure 2. Ultrametric tree of the fishes from Pantanal flood plain obtained with the COI dataset. The name of the taxa was defined by traditional morphological
identification. In red are shown the morphospecies with more them one Operational Taxonomic Units (OTUs) in sympatry.
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This situation was observed in morphospecies (i.e. Eigenmannia

trilineata, E. virescens, Pimelodella gracilis, Brachyhypopomus

pinnicaudatus, Brachyhypopomus sp., Ancistrus sp.,

Hyphessobrycon eques, Jupiaba acanthogaster, and Serrapinnus

calliurus) that exhibited high levels of haplotypic differentiation

among individuals within each group (exceeding 1.8%). Two

genetically divergent groups occurred in the same location but

had been identified as a single entity according to morpho-

logical characters, as frequently occurs in cases of cryptic

species in sympatry (Kekkonen & Hebert 2014).

Discussion

Based on comparisons of the sequences of the fishes deposited

in the Barcode of Life Data Systems (BOLD), Ward (2009)

suggested that entities with genetic divergence greater than

2% are probably different species. However, this estimate may

be overestimated, since samples were used from different parts

of the world and not necessarily of phylogenetically related

groups. In the present study, the GMYC analysis revealed values

ranging between 0.2% and 1.8%, which corresponded to the

lower value of divergence between the different OTUs and

the greater value of divergence between the entities within the

same OTU, respectively. These values may have been approxi-

mately ten times smaller than the values suggested by Ward

(2009), but these results are similar to those found by Pereira

et al. (2013) in a study in which many of the species were

separated from the nearest congeners by less than 2% genetic

divergence. Although one of the putative factors that influ-

ences the high number of species of neotropical regions is the

high speciation rate (Theory of ‘‘Cradle’’; Albert & Reis 2011),

the lower interspecific genetic divergence observed among

neotropical fishes could be related to recent high levels of

diversification of the species of these regions.

Among the fishes included in this study, 127 species were

morphologically identified; however, using the genetic distance

threshold of 2% suggested by Ward (Ward 2009), species such

as Pimelodus argenteus and P. maculatus were recognized as

single entities. The GMYC analysis identified 137 OTUs

(Figure 2), and nine morphospecies were formed by at least

two OTUs. These data emphasize the differences in results that

depend on the model used and revealed that the number of

species present in the Pantanal region may be underestimated.

The occurrence of genetic differentiation among groups

inside a morphospecies is not a safe argument for defining two

species. Such genetic differentiation can be only due to spatial

separation between groups, and this does not mean that the

entities are incompatible and represent distinct species accord-

ing to the biological species concept (Mayr 1940). In contrast,

Kekkonen and Hebert (2014) argued that when two groups are

in sympatry, the better explanation for deep genetic differen-

tiation is reproductive isolation. Thus, findings of different OTUs

in the absence of morphological distinctions in conditions of

sympatry likely indicate that we are dealing with a species

complex.

In the present data, nine cases involving morphologically

indistinguishable groups exhibited two or more OTUs that

occurred in sympathy, which indicates that approximately 7%

of the species corresponded to species complexes. If we

consider that in the region of the Pantanal National Park (i.e.

the main sampling area of the present study), 182 morphos-

pecies species have been reported (Polaz et al. 2014), the real

biodiversity is likely greater, even more so if we consider the

diversity of the 269 species of fishes that have been described

by for the Pantanal area (Britski et al. 2007).
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