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Molecular delimitation methods validate 
morphologically similar species of red 
snappers (Perciformes: Lutjanidae)

DANILLO SILVA, IVANA VENEZA, RAIMUNDO DA SILVA, IRACILDA SAMPAIO & 
GRAZIELLE EVANGELISTA-GOMES

Abstract: In this study, we tested the taxonomic validation of red snappers species 
(Southern red snapper Lutjanus purpureus; Silk snapper L. vivanus; Blackfin snapper 
L. buccanella; and Pacific red snapper L. peru) based on comparative analysis, using 
four methods for species delimitation. These methods were based on either genetic 
similarity or phylogenetic trees inferred from two mitochondrial (Cytochrome b 
and D-loop) and two nuclear (Myostatin and S7 introns) markers. On one hand, the 
genetic results corroborated the presence of four red snapper species, confirming their 
taxonomic validation despite their remarkable morphological similarity. On the other 
hand, few incongruencies in the species delimitation methods were observed according 
to the phylogenetic reconstruction method (maximum likelihood or Bayesian inference) 
when using. Based on the phylogenetic results, L. buccanella should represent a more 
ancient lineage in relation to the clade that encompasses L. purpureus, L. peru and L. 
vivanus. The single-locus phylogenetic analysis based on Cytb recovered each the red 
snapper species as a well-supported clade. Overall, this study provided a DNA-based 
validation of the traditional morphological taxonomy of red snappers.
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INTRODUCTION
The morphological identification of several 
species of Lutjanus Bloch, 1790 (family 
Lutjanidae), popularly known as snappers, 
is hindered by the overlapping of meristic or 
morphometric traits, especially during early life 
stages (Victor et al. 2009). The identification of 
adult specimens can also be quite difficult due 
to the overlapping of meristic and morphometric 
characters. (Allen 1985), as observed within red 
snappers. The “red snapper complex” are fish 
species of the family Lutjanidae with commercial 
importance and comprise species with very 
similar morphology. They usually have a 
sympatric distribution, especially those species 
that occur in the southern western Atlantic. An 

exception is Lutjanus peru, distributed in the 
Pacific. (Allen 1985).

The red snappers Southern red snapper 
Lutjanus purpureus (Poey 1866), Pacific red 
snapper L. peru (Nichols & Murphy 1922), Silk 
snapper L. vivanus (Cuvier, 1828), and Blackfin 
snapper L. buccanella (Cuvier, 1828) share 
remarkable similar morphological traits, being 
hardly differentiated from each other. Molecular 
data indicated that L. peru is a sister species 
of L. purpureus (Gold et al. 2015), even though 
both taxa are geographically isolated by the 
Panama isthmus. The few external features 
that discriminate both species are related to 
color patterns, resulting in several cases of 
misidentification (Allen 1985, Cervigón 1993, 
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Cervigón et al. 1992). The “red snapper complex” 
is traditionally formed by Lutjanus campechanus 
(Poey 1860), L. purpureus, and L. vivanus. 
Recently, Veneza et al. (2019) recovered a well-
supported clade composed of L. purpureus, 
L. campechanus, L. vivanus and L. buccanella, 
being similar to the classification proposed by 
Rivas (1966). 

Most of phenotypic traits used to identify 
the species of red snappers are highly similar, 
such as dorsal and anal fin spines and rays, 
lateral line scales, and color pattern (Cervigón 
1993, Cervigón et al. 1992). In addition, the 
genetic studies have provided conflicting results 
(Chu et al. 2013, Gold et al. 2011, Sarver et al. 
1996, Veneza et al. 2019). According to Gold et al. 
(2011), the contradiction between these studies 
are derived from the utilization of different 
approaches and incorporation of plesiomorphic 
traits. Thus, defining the delimitation of these 
closely related species of red snappers using 
DNA-based species delimitation methods are 
important to organize their taxonomic status.

Several methods of species delimitation 
have been proposed. They are divided into 
those that identify new potential species within 
samples without a priori information (discovery) 
and those requiring that each sample should 
be putatively assigned to specific lineages 
(validation) (Ence & Carstens 2011). The tree-
based species delimitation methods consider 
the genealogical information of individuals, 
being able to discriminate species efficiently 
(Fujita et al. 2012). The other methods usually rely 
on genetic similarity thresholds, being widely 
applied in studies of molecular identification 
and validation of species, particularly in cases 
of morphologically similar taxa (Bickford et al. 
2007, Hebert et al. 2003). 

Recently, DNA based species delimitation 
methods have been applied to address an old 
taxonomic problem for species delimitation of 

red snappers L. purpureus and L. campechanus. 
Genetic data showed that these species 
represent two distinct evolutionary lineages, 
confirming the morphological delimitation 
already proposed by traditional taxonomy 
(Pedraza-Marrón et al. 2019, da Silva et al. 2020). 
This demonstrates the power of the molecular 
delineation tool for species, being particularly 
beneficial to conservation efforts (Carstens et al. 
2013, Monaghan et al. 2009). 

In general ,  the red snappers are 
commercially important being highly exploited 
across their distribution range. In fact, some 
species in this group are ranked as vulnerable 
according to the IUCN criteria (Anderson et 
al. 2015, Lindeman et al. 2016). In this sense, 
methods for the identification and delimitation 
of overexploited species become a reliable tool 
to regulate fisheries and to provide insights 
about conservation and management policies.

Because of the remarkable morphological 
similarity and evidence of close genetic 
relationship among red snappers, mitochondrial 
and nuclear molecular markers were used to 
validate the taxonomic status of red snappers 
following the classification proposed by Rivas 
(1966) and Allen (1985), in order to test the 
interspecific limits among L. purpureus, L. 
vivanus, L. buccanella and L. peru.

MATERIALS AND METHODS
Sampling 
A total of 49 specimens were sampled, 
representing the four target species of this 
study (12 individuals of L. purpureus, seven of 
L. peru, 15 of L. vivanus and 15 of L. buccanella). 
Samples were obtained from several commercial 
seafood sites along the Brazilian coast (Table I). 
Fish from which samples were taken, were not 
collected exclusively for this study, specimens 
were captured by fishermen who provided the 
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samples before sending the fish to markets. 
In this way, it was not possible to deposit 
specimens in a museum.

The nominal species were firstly identified 
by their morphological features (Allen 1985, 
Cervigón 1993, Cervigón et al. 1992, Menezes & 
Figueiredo 1980). Fragments of muscle tissue 
or caudal fins were excised from fish, stored in 
microtubes with 90% ethanol at -20oC, and used 
for analyses.

Ethical statement
All samples obtained in this study were acquired 
in commercial fish markets from already dead 
individuals, representing not endangered and or 

protected species. Therefore, there was no need 
to apply for a license for collection or approval 
by the Animal Ethics Committee.

Laboratory Procedures 
Genomic DNA was isolated according to Sambrook 
and Russell (2001) or by using commercial 
kits (Wizard Genomic-PROMEGA). The genetic 
markers (mtDNA: D-loop and Cytochrome b 
(Cytb); nuDNA: S7-2 and Myostatin (Myo-2)) were 
amplified by Polymerase Chain Reaction (PCR) 
in 15 μL reaction volumes containing 125 μM of 
dNTPs, 10x PCR buffer, 3 mM of MgCl2, 5 mM of 
each primer, about 50 ng of DNA template, 0.5 U 
of Taq DNA polymerase and ultrapure water up 

Table I. Number of individuals (N) sequenced according to each genetic marker and sampling locality. The total 
number of haplotypes per species is shown in parentheses.

Species/Locality Cytochrome b D-loop S7-2 intron Myo-2 intron

L. vivanus (N = 15)

Pará 1 - - 1

Pernambuco 3 4 3 1

R. G. do Norte 2 1 - 3

Bahia 2 1 1 2

Sergipe 7 4 5 3

Ceará - 1 - 2

Total (3) (9) (10) (8)

L. buccanella (N = 15)

Pernambuco 2 3 1 2

R. G. do Norte 1 1 1 -

Sergipe 12 5 6 5

Total (4) (9) (1) (2)

L. peru (N = 7)

México (5) (7) (9) (7)

L. purpureus (N = 12)

Pará 6 4 5 5

Ceará 3 1 3 4

Bahia 3 1 2 1

Total (6) (6) (17) (12)
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to the reaction final volume. PCR were carried 
out under the following conditions: initial 
denaturation at 95ºC for 3 min; 35 cycles of 
denaturation at 94ºC for 30 seconds, annealing 
between 55 ºC and 60 ºC for 45 seconds, and 
extension at 72ºC for 1 min; a final extension 
was performed at 72ºC for 5 min. Loci-specific 
primers were used to amplify the mitochondrial 
and nuclear DNA regions as described in Table 
II.

PCR amplicons were sequenced by the 
dideoxy terminal method (Sanger et al. 1977), 
using Big Dye kit (ABI Prism TM Dye Terminator 
Cycle Sequencing Reading Reaction – Thermo 
Fisher) in automatic sequencer (ABI - Thermo 
Fisher). In the case of nuclear regions, each 
individual was sequenced bidirectionally 
(forward and reverse) to identify putative 
heterozygotes.

DNA Dataset 
After sequencing, sequences were inspected, 
edited and aligned using BioEdit (Hall 1999). 
Cases of HIM (Heterozygous Indel Mutations) 
were resolved by the reconstruction of alleles in 
the software Codon-Code Aligner (Codon Code 
Corporation) followed by visual evaluation of 
electropherograms. The number of polymorphic 

sites and the presence of stop codons were 
verified using the software MEGA X (Kumar et 
al. 2018).

The gametic phase of heterozygous in the 
nuclear markers was defined according to the 
algorithm Phase v.2.0 (Stephens & Donnelly 
2003) under the default settings of DnaSP v.5.10 
(Librado & Rozas 2009). Only haplotypes with 
probability values higher than 0.8 were used 
in the subsequent analyses. The dataset was 
subjected to a saturation test of evolutionary 
changes using the software DAMBE v6.4.81 (Xia 
2017). The transition vs. transversion graphs 
indicated no saturation for the markers used 
here.

Selection of Evolutionary Model and Genetic 
Divergence 
The best-fit model of nucleotide substitution 
for the present dataset was defined based 
on the Akaike Information Criterion (AIC) in 
the software jModelTest 0.1.1 (Posada 2008). 
Therefore, the following models were selected: 
TrN+I (Cytb); TrN+I+G (D-loop); HKY+I+G (S7-2) and 
TPM1uf+I (Myo-2). The p genetic distances within 
and between species and mean p-distances 
with K2P model (Kimura 1980) between species 
were estimated using MEGA X (Kumar et al. 

Table II. Primers used for PCR, according to genetic markers in the present study and their respective annealing 
temperature.

Marker Primers Reference Sequence (5’-3’) Annealing 
(°C)

Cytochrome b
FishCytbF

Sevilla et al. (2007)
ACCACCGTTGTTATTCAACTACAAGAAC

57
TruckCytbR CCGACTTCCGGATTACAAGACCG

D-loop
Dloop A

Lee et al. (1995)
TTCCACCTCTAACTCCCAAAGCTAG

55
Dloop G CGTCGGATCCCATCTTCAGTGTTATGCTT

Myostatin-2
Mio 2F da Silva et al. 

(2017)
GCATCGAGATTAACGCCTTC

60
Mio 2R GGCCCTCTGAGATCTTCACC

S7-2
S7RPEX2F Chow & Hazama, 

(1998)
TGGCCTCTTCCTTGGCCGTC

59
S7RPEX3R AACTCGTCTGGCTTTTCGCC
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2018). Boxplots were built to represent the intra 
and interspecific genetic distances using the R 
package (R Core Team 2015).

Automatic Barcode Gap Discovery (ABGD) 
This method relies on the presence of barcode 
gap in the distribution of pairwise genetic 
distances among individuals from distinct 
species (Puillandre et al. 2012). We used the 
online ABGD version available at https://bioinfo.
mnhn.fr/abi/public/abgd/abgdweb.html. This 
algorithm, and other single-locus methods, were 
applied to the Cytb data because this marker 
has been widely used in phylogenetic studies of 
vertebrates and presents an appropriate level 
of genetic variance for identifying species (Avise 
2000, Farias et al. 2001). Since the methods 
based genetic similarity are highly sensitive to 
the threshold of genetic divergence, two Pmax 
values (0.1 and 0.2) were selected for comparative 
purposes. The remaining parameters followed 
the default values.

Generalized Mixed Yule-Coalescent (GMYC)
This is a tree-based method that searches 
a transition point between coalescent and 
branching events using a combination of 
coalescence and speciation models under a 
maximum likelihood (ML) approach (Pons et al. 
2006). Similarly, to ABGD, GMYC is a single-locus 
method and therefore only Cytb data were used 
in this analysis. The GMYC requires an ultrametric 
tree as input. The input tree was obtained in 
the software BEAST v1.8.0 (Drummond et al. 
2005) after 50 million generations with sampling 
at every 5000 generations based on TrN + I 
substitution model and lognormal (uncorrelated) 
model of relaxed clock, and a Yule process as 
tree prior. The chain convergence was evaluated 
in Tracer v1.6 or according to graph inspection 
and ESS (Effective Sampling Size) values. Only 
convergence with values of ESS above 200 were 

considered adequate. Finally, the sampled trees 
were summarized in the software TreeAnnotator 
v1.8.0 using a burn-in of 20%. The GMYC was run 
in the Splits package (Ezard et al. 2014), available 
in R platform.

Bayesian Poisson Tree Process (bPTP)
This method is similar to GMYC because it also 
searches a transition point between intra-
and interspecific events based on likelihood 
inferences (Zhang et al. 2013). Nonetheless, 
the bPTP considers the number of events of 
branching/speciation, thus modelling the 
speciation according to this parameter while the 
GMYC relies on the time of ramification (Zhang 
et al. 2013). For comparative analyses, we tested 
the effects of different input trees based on 
maximum likelihood (ML) or Bayesian inference 
(BI). A tree based on Cytb data inferred from 
maximum likelihood under GTR GAMMA model 
and 10 replicates was built in RAxML v.8.29 
and used as input. We generated a MrBayes 
(Ronquist et al. 2012) tree for bPTP input, using 
107 generations, sampled every 104, and HKY + G 
model. The BEAST tree used in GMYC was also 
used as input for bPTP. The analyses were then 
carried out using the web bPTP server (https://
species.h-its.org/), using 100000 of MCMC and 
0.2 of burn-in.

Bayesian Phylogenetics and Phylogeography 
(BPP)
The BPP was the only multiloci method used in 
this study. Nuclear markers were not suitable for 
single-locus approaches (e.g. as we observe when 
comparing intra-and interspecific distances). In 
this way, we used these markers (and mtDNA) in 
BPP analysis. BPP algorithm relies on a Bayesian 
approach and a multispecies coalescent model, 
estimating the distribution probability of 
species delimitation models based on rjMCMC 
from the alternative species distribution 

https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html
https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html
https://species.h-its.org/
https://species.h-its.org/
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models compatible with a defined guiding tree 
(Rannala & Yang 2003, Yang & Rannala 2010). 
Therefore, the BPP requires a specified guiding 
tree, as well as an input file with the nominal 
species as defined by the user and a multiloci 
dataset (Cytb, D-loop, S7-2 and Myo-2). In this 
study, we tested the following topology, based 
on the results of previous studies (Veneza et al. 
2019, Gold et al. 2011): (((L. purpureus, L. peru), 
L. vivanus), L. buccanella). The BPP analysis 
comprised 100,000 generations with sampling 
at every five generations and using a burn-in of 
40,000.

RESULTS
Characterization of the Dataset
We obtained two DNA datasets for either 
mitochondrial (Cytb and D-loop) or nuclear (S7-2 
and Myo-2) markers. After editing and alignment, 
the Cytb comprised 776 bp with 77 polymorphic 
sites. The D-loop sequence alignment 
encompassed 817 bp with 160 polymorphic 
sites. The intron 2 of S7 and Myostatin-2 genes 
alignments comprised 716 bp (65 polymorphic 
sites) and 440 bp (32 polymorphic sites), 
respectively.

The number of sequenced specimens for 
each marker per species as well as the number 
of total haplotypes are shown in Table I.

Molecular Taxonomy and Species Delimitation
The lowest interspecific mean genetic distance 
(p distance) based on Cytb sequences was 0.019 
between L. peru and L. purpureus and the highest 
was 0.072 between L. peru and L. buccanella. 
In the case of D-loop, the interspecific mean 
distance ranged from 0.064 between L. vivanus 
and L. peru to 0.111 between L. purpureus and L. 
buccanella. The mean p-distance ranged from 
0.019 between L. vivanus and L. purpureus to 0.034 
between L. vivanus and L. buccanella for the S7-2 

marker. The Myo-2 sequences showed a genetic 
distance from 0.003 between L. buccanella and 
L. peru to 0.012 between L. vivanus and L. peru. 
The highest mean interspecific genetic distance 
values included L. buccanella, as observed in 
three out of the four selected markers, except 
for the myostatin intron that showed low genetic 
variation. Therefore, L. buccanella should be 
regarded as the most genetically divergent 
species of red snappers from the analyzed 
dataset.

The pattern of intra and interspecific 
divergence for each genetic (Supplementary 
Material - Figure S1), revealing that the highest 
values of genetic distance referred to mtDNA 
sequences. In this sense, the separation between 
intra- and interspecific divergence or barcoding 
gap was more evident in mtDNA, where the 
lowest interspecific distance was higher than 
the highest intraspecific distance. Conversely, 
this pattern was not observed within the nuDNA 
markers as some values of inter and intraspecific 
distances were overlapped (Figure S1).

The results from ABGD using Pmax = 0.1 and 
Pmax = 0.1 were similar, seven and six partitions 
were observed respectively for these values 
(Figure S2). When using Pmax = 0.1, the first five 
partitions in the results indicated four groups 
(putative species), and the last two partitions 
indicated two groups. For Pmax = 0.20, four 
groups were recovered in the first five partitions, 
and two groups were recovered in the last one.

In GMYC, the single threshold model (-log 
ML = 434.24) had the best adjustment to the 
genetic dataset than multiple thresholds. Like 
ABGD, GMYC results recovered four independent 
groups corresponding to those previously 
defined by morphological features (Fig. 1).

A subtle difference was observed in bPTP 
inference when input trees based on ML or 
BI methods were used. In the case of the ML 
tree, five operational taxonomic units (OTUs) 
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were indicated in the dataset, representing 
the morphologically identified species, except 
for L. vivavus specimens that were split into 
two groups. When using a tree inferred with 
BEAST, five putative species were recovered. 
Sequences of L. purpureus were separated intro 
two clusters. When an input tree inferred from 
MrBayes was used, bPTP results recovered four 
species corresponding to the morphological 
identification (Fig. 1).

The BPP inferences were based on four 
models of species delimitation from a guiding 

tree (((L. purpureus, L. peru), L. vivanus), L 
buccanella). Therefore, collapsing and branching 
of nodes were possible to occur at only three 
nodes considered the predefined topology. 
Accordingly, four OTUs with statistical support 
above 0.95 were indicated by this approach, 
being congruent with the taxa established a 
priori by the traditional taxonomy (Fig. 1). Similar 
results were obtained using either values of 0 
and 1 in the algorithm. The analysis using BPP 
were congruent with most of the results based 
on single-locus methods used here.

Figure 1. Ultrametric tree inferred from Bayesian inference in BEAST based on Cytochrome b sequences, 
highlighting species delimitation approaches. The results based on ABGD (four first partitions), GMYC, bPTP (based 
on input trees inferred from BI and ML approaches) and BPP (multiloci analyses with a mean value of θ) are 
indicated. The posteriori probability values above 0.9 are shown on each node.
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DISCUSSION
In this study, we evaluated the molecular 
taxonomy of four species of red snappers 
(Lutjanidae) from Western Atlantic (L. purpureus, 
L. vivanus and L. buccanella) and Pacific (L. 
peru) oceans based on single-locus analysis of 
Cytb and multilocus analysis, comprising both 
mitochondrial and nuclear genome regions. 
The genetic data corroborated consistently 
the taxonomic status of the four species 
herein analyzed regarding their morphological 
similarity and shared putatively diagnostic 
features (Allen 1985, Cervigón et al. 1992). 

Mitochondrial DNA in the delimitation of red 
snappers
When the genetic divergence in mtDNA 
sequences was compared within and between 
species, a conspicuous barcode gap became 
evident, indicating that mitochondrial markers 
were highly effective for the molecular 
delimitation of species based on values of 
genetic distance. However, no barcode gap was 
observed in the nuclear DNA regions, suggesting 
that these markers are relatively less informative 
to discriminate species at least for distance-
based methods (e.g. DNA Barcode or ABGD). The 
higher effectiveness of the mtDNA compared to 
the nuDNA for the identification of snappers is 
likely attributed to the low evolutionary rates 
of nuclear sequences. Moreover, the effective 
population size of mtDNA is smaller than that 
of nuDNA, i.e., the coalescence process and 
the discrimination of lineages in the latter 
takes longer than in the former (Avise 2000). 
Accordingly, the mtDNA has been used in several 
studies for identification of species (Hebert et 
al. 2003, Ward et al. 2005).

Even though the mtDNA is inherited as a single 
molecule, distinct regions of the mitochondrial 
genome show different evolutionary rates. 
For instance, the high variation in the D-loop 

region could account for the high interspecific 
genetic divergence observed in red snappers 
using this marker. This genetic behaviour has 
encouraged the utilization of the D-loop region 
in discriminating or identifying species of 
teleosteans (Pedrosa-Gerasmio et al. 2012, Wu 
& Yang 2012). 

Red snappers: how many species?
In general, the distinct methods of molecular 
delimitation of species provided similar results, 
since most of them delimited the species 
following the morphological taxonomy. Few 
exceptions were observed when we varied the 
method of phylogenetic inference for bPTP 
input tree.

There is no perfect delimitation method and 
each one is limited by their specific simulation 
conditions (Carstens et al. 2013). Therefore, 
several authors have recommended to combine 
distinct methods to discriminate species 
instead of using a single approach. In this study, 
we integrated different strategies of species 
delimitation using molecular data to analyze 
closely related group of four amphi-American 
species of Lutjanus.

Among the tested algorithms, ABGD was the 
only based on a threshold of sequence similarity. 
The four recognized red snapper species were 
supported by this method. Regardless of the 
differences of ABGD variables, the results were 
similar and congruent with the morphological 
taxonomic status of the analyzed snappers. The 
inferences of independent evolutionary lineages 
or species based on genetic distance or barcode 
gap has been criticized because it might lead 
to biased results (Carstens et al. 2013). This 
criticism has been related to the inability of this 
method in incorporating the variance associated 
with genetic processes (Carstens et al. 2013) 
besides disregarding the uncertainties of gene 
trees (Mallo & Posada 2016). Nevertheless, 
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distance-based approaches continue to be an 
important tool in biodiversity studies, and have 
been widely applied in species identification, 
including studies in lutjanids (Benzaquem et al. 
2015, Brandão et al. 2016, Veneza et al. 2018). 

All molecular-based species delimitation 
methods were congruent with morphology-based 
identification, except for some results of bPTP. 
The taxonomic status of the four snapper species 
was further by the bPTP analysis when using the 
MrBayes inference. But, when a ML input tree 
was used, bPTP indicated five potential species. 
However, the RAxML is limited to the GTR model. 
Thus, the utilization of this single substitution 
model is likely to affect the estimation of branch 
lengths during the phylogenetic reconstruction 
of ML tree. As a result, this could overestimate 
the splitting in species delimitation analyses, 
as presently observed within L. vivanus. No 
additional evidence has been reported indicating 
the presence of distinct population in L. purpureus 
along the Brazilian Coast (da Silva et al. 2016, 
Gomes et al. 2012), as suggested by bPTP when 
using a BEAST input tree. It can be concluded 
that when using a MrBayes tree as input tree for 
bPTP, the results tend to be more conservative in 
accordance with morphology-based classification 
of red snappers, and the other single locus 
methods applied (GMYC and ABGD).

Our BPP results providing evidence to 
validate the taxonomic status of the four red 
snapper in the present dataset. Several studies 
have successfully used BPP for discriminating 
species or independent lineages (McKay et al. 
2013, Silva et al. 2020). Despite sharing high 
morphological similarities, and being difficult to 
identify using morphology, L. peru, L. purpureus, 
L. vivanus and L. buccanella are genetically 
distinct. Therefore, the present results 
corroborate the effectiveness of the molecular 
methods for the delimitation or identification 
of closely related species, such as red snappers. 

CONCLUSIONS
Based on DNA data, this study validated the 
four species of red snappers analyzed herein. 
The taxonomic status based on morphology 
has proved to be completely congruent with 
the molecular data for these fish group. The few 
diagnostic morphological traits that have been 
used by fish taxonomists and the molecular 
delimitation proved to be useful and informative 
to provide effective identification of otherwise 
controversial taxa.

The methods for species delimitation 
were useful to define the boundaries between 
the species of red snappers. In addition, 
some variables such as the phylogenetic 
reconstruction method affected the delimitation, 
and the number of groups inferred (bPTP was 
more sensitive when using Beast or RAxML 
input trees), leading to minor differences when 
compared to the other methods used.

As for the comparison between divergence 
patterns between nuclear and mitochondrial 
DNA sequences, no clear barcode gap was 
observed in the former. The intra and interspecific 
genetic distance values in mtDNA sequences 
were significantly different, being particularly 
informative for the molecular identification of 
species. Thus, mitochondrial markers are more 
suitable than nuclear markers for the species 
identification of red snappers.

Acknowledgments
The authors are grateful to Dr. Aurycéia Guimarães for 
donating the samples of L. peru, to Universidade Federal 
do Pará, Instituto de Estudos Costeiros for providing 
the facilities and conditions to the development of 
the present work, to Coordenação de Aperfeiçoamento 
de Pessoal de Nível Superior (CAPES) for the master’s 
scholarship, and Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) for the financial support 
(process 484601/2013 GG).



DANILLO SILVA et al. MOLECULAR DELIMITATION OF RED SNAPPER SPECIES

An Acad Bras Cienc (2023) 95(Suppl. 2) e20210997 10 | 12 

REFERENCES
ALLEN GR. 1985. FAO species catalogue. Volume 6: 
Snappers of the world. An annotated and illustrated 
catalogue of lutjanid species known to date. Rome: FAO.

ANDERSON W, CLARO R, COWAN J, LINDEMAN K, PADOVANI-
FERREIRA B & ROCHA LA. 2015. Lutjanus campechanus 
(errata version published in 2017). The IUCN Red List of 
Threatened Species 2015. Downloaded on 13 April 2020.

AVISE JC. 2000. Phylogeography: the history and formation 
of species. Cambridge: MA. Harvard university press.

BENZAQUEM DC, OLIVEIRA C, DA SILVA BATISTA J, ZUANON 
J & PORTO JIR. 2015. DNA barcoding in pencilfishes 
(Lebiasinidae: Nannostomus) reveals cryptic diversity 
across the Brazilian Amazon. PLoS ONE 10: e0112217. 

BICKFORD D, LOHMAN DJ, SODHI NS, NG PKL, MEIER R, WINKER K, 
INGRAM KK & DAS I. 2007. Cryptic species as a window on 
diversity and conservation. Trends Ecol Evol 22: 148-155.

BRANDÃO JHS, DE ARAÚJO BITENCOURT J, SANTOS FB, WATANABE 
LA, SCHNEIDER H, SAMPAIO I & DE MELLO AFFONSO PRA. 2016. 
DNA barcoding of coastal ichthyofauna from Bahia, 
northeastern Brazil, South Atlantic: High efficiency 
for systematics and identification of cryptic diversity. 
Biochem Syst Ecol 65: 214-224.

CARSTENS BC, PELLETIER TA, REID NM & SATLER JD. 2013. How 
to fail at species delimitation. Mol Ecol 22: 4369-4383. 

CERVIGÓN F. 1993. Los peces marinhos de Venezuela. 
Caracas: Fundacion Científica Los Roques.

CERVIGÓN F, CIPRIANI R, FISCHER W, GARIBALDI L, HENDRICKX M, 
LEMUS AJ, MÁRQUEZ R, POUTIERS JM, ROBAINA G & RODRIGUEZ 
B. 1992. Field guide to the commercial marine and 
brackish-water resources of the northern coast of South 
America. FAO species identification sheets for fishery 
purposes. FAO.

CHOW S & HAZAMA K. 1998. Universal PCR primers for 
S7 ribosomal protein gene introns in fish. Mol Ecol 7: 
1247-1263. 

CHU C, RIZMAN-IDID M & CHING CV. 2013. Phylogenetic 
relationships of selected genera of Lutjanidae inferred 
from mitochondrial regions, with a note on the taxonomic 
status of Pinjalo pinjalo. Cienc Mar 39: 349-361.

DA SILVA R, PEDRAZA-MARRÓN CR, SAMPAIO I, BETANCUR-R R, 
GOMES G & SCHNEIDER H. 2020. New insights about species 
delimitation in red snappers (Lutjanus purpureus and L. 
campechanus) using multilocus data. Mol Phylogenetics 
Evol 147: 106780. 

DA SILVA R, SAMPAIO I, SCHNEIDER H & GOMES G. 2016. Lack of 
Spatial Subdivision for the Snapper Lutjanus purpureus 

(Lutjanidae-Perciformes) from Southwest Atlantic Based 
on Multi-Locus Analyses. PloS ONE 11: e0161617. 

DA SILVA RD, SILVA D, VENEZA I, SAMPAIO I, SCHNEIDER H & 
GOMES G. 2017. Development of EPIC-PCR Markers for 
Lutjanus purpureus (Lutjanidae-Perciformes) and their 
Potential Applicability in Population Analyses. An Acad 
Bras Cienc 89: 2095-2100. 

DRUMMOND AJ, RAMBAUT A, SHAPIRO B & PYBUS OG. 2005. 
Bayesian Coalescent Inference of Past Population 
Dynamics from Molecular Sequences. Mol Biol Evol 22: 
1185-1192. 

ENCE DD & CARSTENS BC. 2011. SpedeSTEM: A rapid and 
accurate method for species delimitation. Mol Ecol 
Resour 11: 473-480.

EZARD T, FUJISAWA T & BARRACLOUGH T. 2014. Splits: SPecies’ 
LImits by Threshold Statistics. R package version 3. 
Downloaded on 02 de February 2017.

FARIAS IP, ORTÍ G, SAMPAIO I, SCHNEIDER H & MEYER A. 2001. 
The cytochrome b gene as a phylogenetic marker: the 
limits of resolution for analyzing relationships among 
cichlid fishes. J Mol Evol 53: 89-103.

FUJITA MK, LEACHÉ AD, BURBRINK FT, MCGUIRE JA & MORITZ 
C. 2012. Coalescent-based species delimitation in an 
integrative taxonomy. Trends Ecol Evol 27: 480-488. 

GOLD JR, VOELKER G & RENSHAW MA. 2011. Phylogenetic 
relationships of tropical western Atlantic snappers in 
subfamily Lutjaninae (Lutjanidae: Perciformes) inferred 
from mitochondrial DNA sequences. Biol J Linn Soc Lond 
102: 915-929.

GOLD JR, WILLIS SC, RENSHAW MA, BUENTELLO A, PURITZ 
JB, HOLLENBECK CM & VOELKER G. 2015. Phylogenetic 
relationships of tropical eastern Pacific snappers 
(Lutjanidae) inferred from mitochondrial DNA sequences. 
System Biodivers 13: 596-607.

GOMES G, SAMPAIO I & SCHNEIDER H. 2012. Population 
structure of Lutjanus purpureus (Lutjanidae - 
Perciformes) on the Brazilian coast: Further existence 
evidence of a single species of red snapper in the 
western Atlantic. An Acad Bras Cienc 84: 979-999.

HALL TA. 1999. BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 
95/98/NT. Nucleic acids symposium series. London: 
Information Retrieval Ltd. 41: 95-98. 

HEBERT PD, CYWINSKA A, BALL SL & DEWAARD JR. 2003. 
Biological identifications through DNA barcodes. Proc R 
Soc Lond Ser B Biol sci 270: 313-321.



DANILLO SILVA et al. MOLECULAR DELIMITATION OF RED SNAPPER SPECIES

An Acad Bras Cienc (2023) 95(Suppl. 2) e20210997 11 | 12 

KIMURA M. 1980. A simple model for estimating 
evolutionary rates of base substitutions through 
comparative studies of nucleotide sequences. J Mol Evol 
16: 111-120.

KUMAR S, STECHER G, LI M, KNYAZ C & TAMURA K. 2018. MEGA 
X: molecular evolutionary genetics analysis across 
computing platforms. Mol Biol Evol 35: 1547-1549.

LEE WJ, CONROY J, HOWELL WH & KOCHER TD. 1995. Structure 
and evolution of Teleost mitochondrial control regions. 
J Mol Evol 41: 54-66.

LIBRADO P & ROZAS J. 2009. DnaSP v5: a software for 
comprehensive analysis of DNA polymorphism data. 
Bioinformatics 25: 1451-1452.

LINDEMAN K, ANDERSON W, CARPENTER KE, CLARO R, COWAN J, 
PADOVANI-FERREIRA B, ROCHA LA, SEDBERRY G & ZAPP-SLUIS 
M. 2016. The IUCN Red List of Threatened Species 2016. 
e.T12416A161245983. Downloaded on 14 April 2020.

MALLO D & POSADA D. 2016. Multilocus inference of species 
trees and DNA barcoding. Philos Trans R Soc Lond B Biol 
Sci 371(1702): 20150335.

MCKAY BD, MAYS HL, WU Y, LI H, NISHIUMI I & ZOU F. 2013. 
An empirical comparison of character-based and 
coalescent-based approaches to species delimitation in 
a young avian complex. Mol Ecol 22: 4943-4957. 

MENEZES NA & FIGUEIREDO JL. 1980. Manual de Peixes 
Marinhos do Sudeste do Brasil. IV. Teleostei (3). São 
Paulo: Museu de Zoologia-Universidade de São Paulo.

MONAGHAN MT, WILD R, ELLIOT M, FUJISAWA T, BALKE M, INWARD 
DJG, LEES DC, RANAIVOSOLO R, EGGLETON P, BARRACLOUGH 
TG & VOGLER AP. 2009. Accelerated species Inventory on 
Madagascar using coalescent-based models of species 
Delineation. Syst Biol 58: 298-311.

PEDRAZA-MARRÓN CR ET AL. 2019. Genomics overrules 
mitochondrial DNA, siding with morphology on a 
controversial case of species delimitation. Proc R Soc B. 
286: 20182924.

PEDROSA-GERASMIO IR, BABARAN PB & SANTOS MD. 2012. 
Discrimination of juvenile yellowfin (Thunnus albacares) 
and bigeye (T. obesus) tunas using mitochondrial DNA 
control region and liver morphology. PloS ONE. 7: e35604.

PONS J, BARRACLOUGH TG, GOMEZ-ZURITA J, CARDOSO A, 
DURAN DP, HAZELL S, KAMOUN S, SUMLIN WD & VOGLER AP. 
2006. Sequence-Based Species Delimitation for the DNA 
Taxonomy of Undescribed Insects. Syst Biol 55: 595-609. 

POSADA D. 2008. jModelTest: Phylogenetic model 
averaging. Mol Biol Evol 25: 1253-1256. 

PUILLANDRE N, LAMBERT A, BROUILLET S & ACHAZ G. 2012. 
ABGD, Automatic Barcode Gap Discovery for primary 
species delimitation. Mol Ecol 21: 1864-1877. 

R CORE TEAM. 2015. R: A Language and Environment 
for Statistical Computing. Vienna: R Foundation for 
Statistical Computing.

RANNALA B & YANG Z. 2003. Bayes Estimation of Species 
Divergence Times and Ancestral Population Sizes 
Using DNA Sequences from Multiple Loci. Genetics 164: 
1645-1656.

RIVAS LR. 1966. Review of the Lutjanus campechanus 
complex of red snappers. Quart J Florida Acad Sci 29: 
117-136.

RONQUIST F, TESLENKO M, VAN DER MARK P, AYRES DL, DARLING 
A, HÖHNA S, LARGET B, LIU L, SUCHARD MA & HUELSENBECK 
JP. 2012. MrBayes 3.2: efficient Bayesian phylogenetic 
inference and model choice across a large model space. 
Syst Biol 61: 539-542.

SAMBROOK J & RUSSELL DW. 2001. Molecular cloning: a 
laboratory manual. UK: Coldspring-Harbour Laboratory 
Press, 3rd edition.

SANGER F, NICKLEN S & COULSON AR. 1977. DNA sequencing 
with chain-terminating inhibitors. Proc Natl Acad Sci 74: 
5463-5467. 

SARVER SK, FRESHWATER DW & WALSH PJ. 1996. Phylogenetic 
relationships of western Atlantic snappers (family 
Lutjanidae) based on mitochondrial DNA sequences. 
Copeia 715-721. 

SEVILLA RG, DIEZ A, NORÉN M, MOUCHEL O, JÉRÔME M & VERREZ-
BAGNIS V. 2007. Primers and polymerase chain reaction 
conditions for DNA barcoding teleost fish based on the 
mitochondrial cytochrome b and nuclear rhodopsin 
genes. Mol Ecol Notes 7: 730-734. 

STEPHENS M & DONNELLY P. 2003. Report A Comparison of 
Bayesian Methods for Haplotype Reconstruction from 
Population Genotype Data. Am J Hum Genet 73: 1162-1169. 

VENEZA I, SILVA R, FREITAS L, SILVA S, MARTINS K, SAMPAIO I, 
SCHNEIDER H & GOMES G. 2018. Molecular authentication 
of Pargo fillets Lutjanus purpureus (Perciformes: 
Lutjanidae) by DNA barcoding reveals commercial fraud. 
Neotrop Ichthyol 16: e170068. 

VENEZA I, SILVA R, SILVA D, GOMES G, SAMPAIO I & SCHNEIDER 
H. 2019. Multiloci analyses suggest synonymy among 
Rhomboplites, Ocyurus and Lutjanus and reveal the 
phylogenetic position of Lutjanus alexandrei (Lutjanidae: 
Perciformes). Neotrop Ichthyol 17: e180109.



DANILLO SILVA et al. MOLECULAR DELIMITATION OF RED SNAPPER SPECIES

An Acad Bras Cienc (2023) 95(Suppl. 2) e20210997 12 | 12 

VICTOR BC, ROBERT H, MAHMOOD S, JOHN H & CHRIS C. 2009. 
Identification of the larval and juvenile stages of the 
Cubera Snapper, Lutjanus cyanopterus, using DNA 
barcoding. Zootaxa 2215: 24-36.

WARD RD, ZEMLAK TS, INNES BH, LAST PR & HEBERT PD. 2005. 
DNA barcoding Australia’s fish species. Philos Trans R 
Soc Lond B Biol Sci 360: 1847-1857.

WU L & YANG J. 2012. Identifications of captive and wild 
tilapia species existing in Hawaii by mitochondrial DNA 
control region sequence. PLoS ONE 7: e51731. 

XIA X. 2017. DAMBE6: New tools for microbial genomics, 
phylogenetics, and molecular evolution. J Hered 08: 
431-437.

YANG Z & RANNALA B. 2010. Bayesian species delimitation 
using multilocus sequence data. Proc Natl Acad Sci 107: 
9264-9269.

ZHANG J, KAPLI P, PAVLIDIS P & STAMATAKIS A. 2013. A general 
species delimitation method with applications to 
phylogenetic placements. Bioinformatics 29: 2869-2876. 

SUPPLEMENTARY MATERIALS
Figures S1-S2.

How to cite
SILVA D, VENEZA I, DA SILVA R, SAMPAIO I & EVANGELISTA-GOMES G. 
2023. Molecular delimitation methods validate morphologically similar 
species of red snappers (Perciformes: Lutjanidae). An Acad Bras Cienc 
95: e20210997. DOI 10.1590/0001-3765202320210997.

Manuscript received on July 12, 2021;
accepted for publication on March 11, 2023

DANILLO SILVA1

https://orcid.org/0000-0002-6248-4253

IVANA VENEZA2

https://orcid.org/0000-0002-3528-1290

RAIMUNDO DA SILVA1

https://orcid.org/0000-0002-3003-7272

IRACILDA SAMPAIO3

https://orcid.org/0000-0002-2137-4656

GRAZIELLE EVANGELISTA-GOMES1

https://orcid.org/0000-0001-8898-0311

1Universidade Federal do Pará, Laboratório de Genética 
Aplicada, Instituto de Estudos Costeiros, Campus 
Universitário de Bragança, Alameda Leandro Ribeiro, 
s/n, Aldeia, 68000-000 Bragança, PA, Brazil
2Universidade Federal do Oeste do Pará, Campus Universitário 
de Monte Alegre, Travessa Major Francisco Mariano, 
s/n, Cidade Alta, 68220-000 Monte Alegre, PA, Brazil. 
3Universidade Federal do Pará, Laboratório de Genética 
e Biologia Molecular, Instituto de Estudos Costeiros, 
Campus Universitário de Bragança, Alameda Leandro 
Ribeiro, s/n, Aldeia 68000-000 Bragança, PA, Brazil

Correspondence to: Grazielle Evangelista Gomes
E-mail: graziellefeg@gmail.com

Author contributions
the contribution of each author was fundamental for the 
accomplishment of this work. Danillo Jorge Figueiredo da 
Silva, the main author of the work, contributed with ideas, 
generation, analysis and interpretation of data, text production 
and manuscript preparation; Ivana Barbosa Veneza contributed 
with the collection of most samples, data generation and 
manuscript preparation; Raimundo Darley Figueiredo da Silva 
contributed with the collection of most samples, generation 
and analysis of data and manuscript preparation; Maria Iracilda 
da Cunha Sampaio contributed financial support for the 
collection expeditions of samples, laboratory infrastructure and 
manuscript preparation; and Grazielle Fernanda Evangelista 
Gomes contributed with the full orientation to the work, 
including analysis and interpretation of data, text production, 
critical review of the manuscript and laboratory infrastructure 
support.

https://orcid.org/0000-0002-6248-4253
https://orcid.org/0000-0002-3528-1290
https://orcid.org/0000-0002-3003-7272
https://orcid.org/0000-0002-2137-4656
https://orcid.org/0000-0001-8898-0311
mailto:graziellefeg@gmail.com

