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Abstract 

Biting midges of the genus Culicoides are small insects associated with the transmission of several pathogens, which 
requires the correct identification of the species, for implementation of effective strategies against these insects. 
However, many species are difficult to identify only by morphological characters. Therefore, the use of molecular 
methods can help in the taxonomy and systematics of this group. Here, the DNA barcode approach was evaluated 
for nine species of Culicoides from the State of Maranhão, Brazil. We generated 39 sequences from a 476 bp (base 
pairs) fragment of the cytochrome c oxidase subunit I (COI) mitochondrial gene. To assess the usefulness of COI 
barcodes for the identification of these species, paired genetic distances from intra and interspecific comparisons 
and phylogenetic trees were generated in MEGA and RAxML/BEAST softwares, respectively. In addition, species 
delimitation was performed using the PTP, GMYC, and ABGD algorithms. The intra and interspecific genetic 
distances showed a clear distinction between them, demonstrating that, for the taxa studied, there can hardly 
be ambiguous identifications with barcodes. In the same sense, the phylogenetic reconstruction resulted in well-
supported clades for all morphospecies analyzed. 
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Background

The genus Culicoides Latreille (Diptera: Ceratopogonidae) comprises 
about 1,347 species distributed worldwide (Borkent and Dominiak 
2020). Females of these dipterans are hematophagous, i.e., they feed 
on the blood of animals and can attack birds and mammals, including 
humans; the bite is painful and can cause discomfort and damage to 
the skin of sensitive people (Mellor et al. 2000).

In addition, they can host and transmit pathogens (including 
viruses, protozoans, and filarial nematodes) to vertebrates, thus 
being able to cause various diseases (Mansonellosis, Oroupoche 

fever, Bluetongue virus, and Equine onchocerciasis). About 30 spe-
cies of Culicoides have identified as competent BTV vectors world-
wide (Slama et al. 2017, Federici et al. 2019.).

Some studies also detected the presence of Leishmania spp. in 
biting midge species, as in the species Culicoides foxi and Culicoides 
ignacioi that were found with Leishmania braziliensis DNA (Rebêlo 
et al. 2016). Therefore, is an important group in medical, veterinary, 
economic, and sanitary terms (Costa et al. 2013).

The inaccurate species-level identification may have significant 
impacts on control attempts (Bakhoum et al. 2018). Morphological 
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identification of these insects is mainly based on the pattern of 
light/dark spots on their wings (Felippe-Bauer 2003), and may in-
volve dissection and microscopic mounting of specimens, becoming 
time-consuming and limited to the expertise of the identifier. Further, 
the conventional morphological characters are limited in the identi-
fication of cryptic species groups, which can be delimited with the 
help of molecular markers (e.g., Pagès et al. 2009).

One of these molecular approaches – DNA barcoding – is based 
on the sequencing and analysis of a fragment of the cytochrome c 
oxidase subunit I (COI) gene (mitochondrial DNA), and has been 
proposed as a rapid and authentic tool for species identification in 
the most varied animal taxa (Hebert et al. 2003). For Culicoides, 
this method is efficient to distinguish almost all analyzed species in 
the Old World (Linton et al. 2002, Lassen et al. 2012, Ander et al. 
2013, Harrup et al. 2016). Thus, these data may provide a common 
platform for researchers from a wide range of studies regarding tax-
onomy, ecology, behavior, vector control, and vector–parasite rela-
tionship of this group. In addition to routine identification, DNA 
barcoding data provide information on additional taxonomic re-
search through the elucidation of cryptic species and the resolution 
of species complexes.

Despite their great utility, the DNA barcodes of Culicoides are 
poorly studied in Brazil, and so far, only two studies has been carried 
out to use this approach for the identification of C. insignis Lutz, 
1913 from northeast region (Rios et al. 2021), and 18 other spe-
cies from the western Amazon (Carvalho et al. 2022). The state of 
Maranhão shows a great diversity of biting midges that are asso-
ciated with peridomicile environments, including some pathogen 
vectors (Carvalho and Silva 2014; Bandeira et al. 2016, 2017), and 
the evaluation of the usefulness of this method in the identification 
and species delimitation for this state is of great importance from a 
public health point of view. Thus, this study aimed to employ and 
establish COI-barcodes as a reliable marker for species-level identi-
fication of Culicoides from the State of Maranhão.

Methods

The specimens used for molecular analyses were obtained in the fol-
lowing municipalities of the State of Maranhão, Northeast of Brazil: 
Barreirinhas (02° 48ʹ46.43″ S; 43° 13ʹ28.15″ W), Raposa (6° 31ʹ0″ 
S; 44° 10ʹ60″ W), São José de Ribamar (2° 39ʹ56″ S; 44º 09ʹ34″ W), 
and Vitória do Mearim (03° 27ʹ43″ S; 44° 52ʹ15″ W) (Fig. 1). For 
the capture of insects, CDC-type HP light traps were operated from 
1800 hours to 600 hours of the next day. The captured specimens 
were taken to the Laboratório de Entomologia e Vetores (LEV) of 
the Universidade Federal do Maranhão, and then morphologically-
identified following the proposal of Wirth and Blanton (1973), 
Wirth et al. (1988), and Spinelli et al. (2005). Subsequently, they 
were stored in 70% alcohol and incorporated into the entomological 
collection of LEV.

The DNA extraction was performed using the phenol/chloro-
form/isoamyl alcohol method adapted from Sambrook and Russell 
(2006). The polymerase chain reaction (PCR) was performed to am-
plify the mitochondrial gene cytochrome c oxidase subunit I (COI). 
Reactions were performed as described by Folmer et al. (1994), 
using the pair of primers LCO1490/HCO2198. The reactions were 
carried out with the following parameters: 95°C for 5 min; 35 cycles 
at 94°C for 1 min, 47°C for 1 min, and 72°C for 1 min; 72°C for 
10 min. Amplified products were checked in 1% agarose gel electro-
phoresis, and positive samples were purified using the ExoSap-It kit 
(Amplied Biosystems) according to the manufacturer’s instructions. 
Amplicons were sequenced on the ABI-Prism 3500 Genetic Analyzer 

platform (Amplied Biosystems) using the BigDye Terminator 
v3.1 cycle sequencing kit (Amplied Biosystems), and the forward 
primer. After manual inspection these sequences were submitted 
to GenBank database, and have been assigned Accession Numbers 
ON002312-ON002350.

Sequences were visualized and edited in the program BioEdit 
5.0.9.0 (Hall 1999), and the alignment was performed using 
ClustalW (Thompson et al. 1994) in the Mega 7 software (Kumar 
et al. 2016). The intra and interspecific pairwise genetic distances (p 
distances) were estimated in MEGA, which were used to construct 
a sequence distribution graph to check the presence of the ‘bar-
code gap’ (Wiemers and Fiedler 2007). Phylogenetic gene trees were 
reconstructed using the maximum likelihood (ML) and bayesian in-
ference (BI) methods in the RAxML 8.1.2 (Stamatakis 2014), and 
BEAST 2.6.7 (Bouckaert et al. 2014) software, respectively. In the 
first, heuristic searches were performed with 1,000 bootstrap pseudo 
replicates, using the nucleotide substitution model GTR+G+I, as in-
dicated by JModelTest software (Darriba et al. 2012). For BI, we 
used the same model in addition to strict molecular clock and Yule 
tree as priors. Two independent runs were performed, each with 
10,000,000 generations (sampling every 1,000), and log files were 
visualized in Tracer 1.7.1 (Rambaut et al. 2018) to check the con-
vergence of the runs. Maximum clade credibility (MCC) tree was 
made with the trees (10% burn-in) using TreeAnnotator 2.5.2, and 
FigTree 1.4.4 was used to visualize and edit the trees. Clades were 
considered well supported when bootstrap and posterior probability 
values were greater than 70 and 0.95, respectively.

The species delimitation of COI sequences was carried out 
using three algorithms; Automatic Barcode Gap Discovery (ABGD) 
(Puillandre et al. 2012), Generalized Mixed Yule-Coalescent (GMYC) 
(Fujisawa and Barraclough 2013), and Poisson Tree Processes (PTP) 
(Zhang et al. 2013). These methods seek to group barcode sequences 
into genetic clusters, called Molecular Operational Taxonomic Unit 
(MOTU), using the similarity between sequences as criteria. The 
analysis of the ABGD (available at <https://bioinfo.mnhn.fr/abi/
public/abgd/>) was performed with the parameters Pmin = 0.001, 
Pmax = 0.1, and X = 1.0, while the use of PTP and GMYC was 
made in the web-servers (available at <https://species.h-its.org/ptp/>, 
and <https://species.h-its.org/gmyc/>) with default values, ML and 
BI trees as input, respectively. 

Results

In total, 39 individuals of nine species of the genus Culicoides 
were sequenced, (476  bp fragments) of the COI gene. The wing 
morphologies are shown in Fig. 2. The genetic distances of individuals 
of the same species had a variation from 0.0% to 4.6%, with most 
species showing a maximum divergence of 1.5%, except for the 
three sequences of C. limai, which presented maximum values of 
4.6% (Table 1). When comparing specimens of different species, the 
values varied between 11.6% and 22.0% (Table 2). The pairwise 
genetic distance distribution of all sequences showed a bimodal pat-
tern (Fig. 3), demonstrating a clear gap (barcode gap) between these 
classes of distances.

Phylogenetic analysis allowed the reconstruction of well-
supported clades for all morphospecies analyzed (Fig. 4). In the same 
sense, the species delimitation generated by the PTP, GMYC, and 
ABGD algorithms indicated the presence of at least one MOTU for 
each morphospecies. These methods agreed in the vast majority of 
partitions, with a notable exception for the taxon C. limai, in which 
three MOTUs were assigned, one for each sequence, using the PTP 
algorithm, while GMYC splitted them into two groups (Fig. 4).
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Discussion

Our study presents one of the first DNA barcode efforts for dif-
ferent species in the genus Culicoides from Brazil, and the first for 
the state of Maranhão, which provides the basis for producing an 
updated inventory of valid species known in this region, devel-
oped through a data-supported integrative taxonomy approach. 
We generated for the first time COI-barcodes of the species C. foxi 
Ortiz, 1950, C. guyanensis Floch & Abonnenc, 1942, C. ignacioi 
Forattini, 1957, C. iriartei Fox, 1952, C. limai Barreto, 1944, and 
C. ruizi Forattini, 1954. We also generated new COI sequences for 
C. furens Poey, 1853, which had sequences generated for Old World 
specimens (Hadj-Henni et al. 2015), in addition of C. leopoldoi 
Ortiz, 1951, and C. paucienfuscatus Barbosa, 1947, which were pre-
viously processed in the western Amazon region of Brazil (Carvalho 
et al. 2022). Despite being restricted to specimens from the State 
of Maranhão, these sequences may help to better understand the 
taxonomy, systematics, and evolution of this genus on a continental 

scale, since this widely used fragment can be compared with other 
sequences in future studies.

The intra and interspecific genetic distances showed a clear dis-
tinction between them, demonstrating that, for these taxa, there can 
hardly be ambiguous identification with barcodes. This is a very 
promising result, despite the disparity detected in the intraspecific 
distances of C. limai. This gap between the classes of distances, de-
spite being an interesting result, may indicate how homogeneous the 
analyzed populations are, which may reflect the proximity of the ge-
ographic areas studied. However, it may also be a consequence of the 
low sampling rate of this study, both in terms of the number of spe-
cies and geographic locations, which directly influence the high inter-
specific distances and low intraspecific distances, respectively (Zhang 
et al. 2010, Bergsten et al. 2012, Pentinsaari et al. 2014, Phillips et 
al. 2019). Thus, the analysis of COI-barcodes with a more compre-
hensive sampling effort in relation to species diversity must reveal a 
lower identification success rate for close-related taxa, as the case of 

Fig. 1. Map of the state of Maranhão, Brazil, highlighting of the municipalities where Culicoides were captured.
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the nominal species C. festivipennis/C. clastrieri, and C. salinarius/C. 
manchuriensis, which are indistinguishable using COI sequences 
despite of some morphological differences (Ander et al. 2013). In 
the future, it is possible to expand the study areas and increase the 

number of species to check whether COI-barcodes enable correct 
molecular identifications in the state of Maranhão and Brazil.

Beyond the correct identification and delimitation of 100% of 
the analyzed taxa, the sequences of the COI gene indicate a possible 

Fig. 2. Culicoides wing photos. The wings were photographed using a ×10 lens.

Table 1. List of Culicoides morphospecies of Maranhão, Brazil used in molecular analyses, number of sequences generated, and intraspe-
cific pairwise distances of a fragment of the COI gene

Species Collection site Number of sequences 
Maximum intraspecific distances 

(mean) 

Culicoides foxi Vitória do Mearim/Barreirinhas 4 0.006 (0.004)
C. furens São José de Ribamar 7 0.011 (0.007)
C. guyanensis Vitória do Mearim/Raposa 5 0.015 (0.009)
C. ignacioi Vitória do Mearim/São José de Ribamar 4 0.006 (0.004)
C. iriartei São José de Ribamar 6 0.015 (0.009)
C. leopoldoi São José de Ribamar 6 0 (0)
C. limai São José de Ribamar/Barreirinhas 3 0.043 (0.027)
C. paucienfuscatus São José de Ribamar 2 0 (0)
C. ruizi Barreirinhas 2 0 (0)

Table 2. Interspecific genetic distances of Culicoides morphospecies of Maranhão, Brazil

Species (1) (2) (3) (4) (5) (6) (7) (8) 

(1) Culicoides foxi
(2) C. furens 0.170
(3) C. guyanensis 0.148 0.124
(4) C. ignacioi 0.151 0.187 0.176
(5) C. iriartei 0.172 0.154 0.131 0.220
(6) C. leopoldoi 0.182 0.152 0.138 0.179 0.181
(7) C. limai 0.180 0.153 0.137 0.193 0.172 0.172
(8) C. paucienfuscatus 0.179 0.163 0.144 0.207 0.175 0.190 0.160
(9) C. ruizi 0.120 0.155 0.131 0.116 0.172 0.175 0.164 0.182

Values generated from a fragment of the COI gene. 
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presence of cryptic species in the taxon C. limai. One of the main 
uses of molecular taxonomy is to identify different species that do 
not have phenotypic disparity (Hebert et al. 2004). The speciation 

process does not imply the morphological differentiation of taxa, 
especially in incipient stages of diversification, thus generating the 
so-called cryptic species (Bickford et al. 2007), which are of high 
relevance from an epidemiological point of view due to vector com-
petence differences that these lineages may harbor (e.g., Besansky 
1999). In the case of Culicoides, species morphologically identified 
as C. huffi and C. jacobsoni in Thailand also have high values of 
intraspecific nucleotide divergence values (10–12%) (Jomkumsing 
et al. 2021), which are similar to interspecific comparisons, 
demonstrating that these morphospecies may represent distinct 
biological entities. In our study, despite not being significantly 
discrepant, C. limai barcodes have high genetic variability, in addi-
tion to being splitted into three and two distinct MOTUs by PTP/
GMYC delimitations, demonstrating that this taxon deserves at-
tention for future integrative taxonomy studies, aiming to describe 
a possible morphological variation that confirms the presence of 
different species. In the territory of the State of Maranhão, there 
are two species of this group in which the morphological identifi-
cation is trick – C. limai and C. boliviensis. The identification of 
both species requires expertise of the identifier, as the wing spots, 

Fig. 3. Frequency distribution of intra and interspecific pairwise genetic distances 
of Culicoides spp. of Maranhão, Brazil, generated from a fragment of the COI gene.

Fig. 4. Phylogenetic gene tree reconstructed using a fragment of the COI gene of Culicoides spp. from Maranhão, Brazil. Values near nodes indicate bootstrap 
support and posterior probabilities greater than 70 and 0.95, respectively. The tip labels indicate the analyzed nominal species and its GenBank accession 
number. Gray bars indicate species delimitation made by PTP, GMYC, and ABGD algorithms.
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the main diagnostic feature used in the taxonomy of these insects, 
does not work for this complex, being delimited only by the color 
pattern on the legs. Therefore, it is necessary to look for new mor-
phological markers.

Regarding what was discussed, the DNA barcoding showed high 
efficiency in the identification of Culicoides spp. from the state of 
Maranhão. The sequencing of the first COI sequences for some spe-
cies of this genus in Brazil opens a wide range of research aimed at 
the integrative taxonomy of these insects. The absence of specialists 
and the great difficulty of morphological taxonomy due to the small 
size of the specimens creates a large gap in knowledge of Culicoides, 
especially with taxonomy and systematics, disciplines that will 
have a positive impact on the production and analysis of new DNA 
sequences, that encourage academic production and elucidation of 
hypotheses that were previously very difficult to be answered by tra-
ditional methods.

Acknowledgements

We would like to thank the Fundação de Amparo à Pesquisa do 
Estado do Maranhão (FAPEMA) for financial support of the study, 
and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES) for the scholarships (MCAB) – Finance Code 001.

References Cited
Ander, M., K. Troell, and J. Chirico. 2013. Barcoding of biting midges in the 

genus Culicoides: a tool for species determination. Med. Vet. Entomol. 
27: 323–331.

Bakhoum, M. T., M. Sarr, and A. G. Fall, M. Sembène, M. T. Seck, K. 
Labuschagne, L. Gardès, M. Ciss, G. Gimonneau, J. Bouyer, et al. 2018. 
DNA barcoding and molecular identification of field-collected Culicoides 
larvae in the Niayes area of Senegal. Parasites Vectors. 11: 615.

Bandeira, M. C., A. Da Penha, J. L. Moraes, G. A. Brito, and J. M. Rebêlo. 
2016. Infestation of Brazilian peridomiciliary areas by Culicoides (Diptera: 
Ceratopogonidae) in humid and semihumid climates. J. Med. Entomolo. 
53: 1163–1168.

Bandeira, M. D., G. A. Brito, A. da Penha, C. L. Santos, and J. M. 
Rebêlo.2017.The influence of environmental management and animal 
shelters in vector control of Culicoides (Diptera, Ceratopogonidae) in 
northeastern Brazil. J. Vector Ecol. 42: 113–119.

Bergsten, J., D. T. Bilton, T. Fujisawa, M. Elliott, M. T. Monaghan, M. Balke, 
and A. P. Vogler. 2012. The effect of geographical scale of sampling on 
DNA barcoding. Syst. Biol. 61: 869.

Besansky, N. J. 1999.Complexities in the analysis of cryptic taxa within the 
genus Anopheles. Parassitologia. 41: 97–100.

Bickford, D., D. J. Lohman, N. S. Sodhi, P. K. Ng, R. Meier, K. Winker, K. K. 
Ingram, and I. Das. 2007. Cryptic species as a window on diversity and 
conservation. Trends Ecol. Evol. 22: 148–155.

Borkent, A., and P. Dominiak. 2020. Catalog of the biting midges of the world 
(Diptera: Ceratopogonidae). Zootaxa. 4787: 001–377.

Bouckaert, R., J. Heled, D. Kühnert, T. Vaughan, C. -H. Wu, D. Xie, M. A. 
Suchard, A. Rambaut, and A. J. Drummond. 2014. BEAST 2: a software 
platform for Bayesian evolutionary analysis. PLoS Comput. Biol. 10: 
e1003537.

Carvalho, L. P., and F. S. Silva. 2014. Seasonal abundance of livestock‐asso-
ciated Culicoides species in northeastern Brazil. Med. Vet. Entomol. 28: 
228–231.

Carvalho, L. P. C., G. da Silva Costa, A. M. P. Júnior, P. F. M. de Paulo, G. 
S. Silva, A. L. P. M. Carioca, B. L. Rodrigues, F. A. C. Pessoa, and J. F. 
Medeiros. 2022. DNA Barcoding of genus Culicoides biting midges 
(Diptera: Ceratopogonidae) in the Brazilian Amazon. Acta Trop. 235: 
106619.

Costa, J. C., E. S. Lorosa, J. L. P. Moraes, and J. M. M. Rebêlo. 2013. Espécies 
de Culicoides (Diptera; Ceratopogonidae) e hospedeiros potenciais em 

área de ecoturismo do Parque Nacional dos Lençóis Maranhenses, Brasil. 
Revista Pan-Amazônica de Saúde. 4: 118–118.

Darriba, D., G. L. Taboada, R. Doallo, and D. Posada. 2012. jModelTest 2: 
more models, new heuristics and parallel computing. Nat. Methods. 9: 
772–772.

Federici, V., M. Goffredo, G. Mancini, M. Quaglia, A. Santilli, F. Di Nicola, 
M. De Ascentis, P. Cabras, C. Volpicelli, C. De Liberato, et al. 2019. Vector 
competence of Italian populations of Culicoides for some bluetongue virus 
strains responsible for recent Northern African and European outbreaks. 
Viruses. 2019: 941.

Felippe-Bauer, M. L. 2003. A importância do padrão das manchas das asas 
em Culicoides (Latreille, 1809) (Diptera: Ceratopogonidae): sua limitação. 
Entomol. Vect. 10: 595–600.

Folmer, O., M. Black, W. Hoeh, R. Lutz, and R. Vrijenhoek. 1994. DNA 
primers for amplification of mitochondrial cytochrome c oxidase sub-
unit I from diverse metazoan invertebrates. Mol. Mar. Biol. Biotechnol. 
3: 294–299.

Fujisawa, T., and T. G. Barraclough. 2013. Delimiting species using single-
locus data and the generalized mixed yule coalescent approach: a revised 
method and evaluation on simulated data sets. Syst. Biol. 62: 707–724.

Hadj-Henni, L., T. De Meulemeester, B. Mathieu, J. Depaquit, and D. Augot. 
2015. Taxonomic assessment of Culicoides brunnicans, C. santonicus and 
C. vexans (Diptera: Ceratopogonidae) in France: implications in system-
atics. Infect. Genet. Evol. 33: 324–331.

Hall, T. A. 1999. BioEdit 5.0. 9: a user-friendly biological sequence alignment 
editor and analysis program for Windows 95/98/NT. Nucleic Acids Symp. 
Ser. 41: 95–98. 

Harrup, L. E., S. Laban, B. V. Purse, Y. K. Reddy, Y. N. Reddy, S. M. Byregowda, 
and S. Carpenter. 2016. DNA barcoding and surveillance sampling 
strategies for Culicoides biting midges (Diptera: Ceratopogonidae) in 
southern India. Parasites Vectors. 9: 1–20.

Hebert, P. D. N., A. Cywinska, S. L. Ball, and J. R. de Waard. 2003. Biological 
identifications through DNA barcodes. Proc. R. Soc. London, Ser. B. 270: 
313–321.

Hebert, P. D., E. H. Penton, J. M. Burns, D. H. Janzen, and W. Hallwachs. 2004. 
Ten species in one: DNA barcoding reveals cryptic species in the neotrop-
ical skipper butterfly Astraptes fulgerator. Proc. Natl. Acad. Sci. U.S.A. 
101: 14812–14817.

Jomkumsing, P., A. Surapinit, T. Saengpara, and P. Pramual. 2021. Genetic 
variation, DNA barcoding and blood meal identification of Culicoides 
Latreille biting midges (Diptera: Ceratopogonidae) in Thailand. Acta 
Trop. 217: 105866.

Kumar, S., G. Stecher, and K. Tamura. 2016. MEGA7: molecular evolutionary ge-
netics analysis version 7.0 for bigger datasets. Mol. Biol. Evol. 33: 1870–1874.

Lassen, S. B., S. A. Nielsen, H. Skovgård, and M. Kristensen. 2012. Molecular 
differentiation of Culicoides biting midges (Diptera: Ceratopogonidae) 
from the subgenus Culicoides Latreille in Denmark. Parasitol. Res. 110: 
1765–1771.

Linton, Y. M., A. J. Mordue, R. H. Cruickshank, R. Meiswinkel, P. S. Mellor, 
and J. F. Dallas. 2002. Phylogenetic analysis of the mitochondrial cyto-
chrome oxidase subunit I gene of five species of the Culicoides imicola 
species complex. Med. Vet. Entomol. 16: 139–146.

Mellor, P. S., J. Boorman, and M. Baylis. 2000. Culicoides biting midges: their 
role as arbovirus vectors. Annu. Rev. Entomol. 45: 307–340.

Pagès, N., F. Muñoz-Muñoz, S. Talavera, V. Sarto, C. Lorca, and J. I. 
Núñez. 2009. Identification of cryptic species of Culicoides (Diptera: 
Ceratopogonidae) in the subgenus Culicoides and development of 
species-specific PCR assays based on barcode regions. Vet. Parasitol. 165: 
298–310.

Pentinsaari, M., P. D. Hebert, and M. Mutanen. 2014. Barcoding beetles: a 
regional survey of 1872 species reveals high identification success and un-
usually deep interspecific divergences. PLoS One. 9: e108651.

Phillips, J. D., D. J. Gillis, and R. H. Hanner. 2019. Incomplete estimates of 
genetic diversity within species: Implications for DNA barcoding. Ecol. 
Evol. 9: 2996–3010.

Puillandre, N., A. Lambert, S. Brouillet, and G. J. Achaz. 2012. ABGD, 
Automatic Barcode Gap Discovery for primary species delimitation. Mol. 
Ecol. 21: 1864–1877.

Downloaded From: https://bioone.org/journals/Journal-of-Medical-Entomology on 25 May 2023
Terms of Use: https://bioone.org/terms-of-use	Access provided by Fundacao Oswaldo Cruz (FIOCRUZ)



614 Journal of Medical Entomology, 2023, Vol. 60, No. 3

Rambaut, A., A. J. Drummond, D. Xie, G. Baele, and M. A. Suchard. 2018. 
Posterior summarisation in Bayesian phylogenetics using tracer 1.7. Syst. 
Biol. 67: 901–904.

Rebêlo, J. M. M., B. L. Rodrigues, M. C. A. Bandeira, J. L. P. Moraes, R. 
S. Fonteles, and S. R. F. Pereira. 2016. 2016. Detection of Leishmania 
amazonensis and Leishmania braziliensis in Culicoides (Diptera, 
Ceratopogonidae) in an endemic area of cutaneous leishmaniasis in the 
Brazilian Amazonia. J. Vector Ecol. 41: 303–308.

Rios, R. R., M. C. Santarém, K. A. Ribeiro Júnior, B. A. de Melo, S. G. da Silva, 
N. C. da Silva, V. R. Dos Santos, J. M. Dos Santos, A. E. Santana, and A. 
B. Fraga. 2021. Culicoides insignis Lutz, 1913 (Diptera: Ceratopogonidae) 
Biting Midges in Northeast of Brazil. Insects. 12: 366.

Sambrook, J. and D. W. Russell. 2006. Purification of nucleic acids by ex-
traction with phenol: chloroform. Cold Spring Harbor Protocols. 2006: 
pdb-rot4455.

Slama, D., H. Babba, and E. Chaker. 2017. Culicoides spp. (Diptera: 
Ceratopogonidae) in Tunisia. In Biological control of pest and vector in-
sects. IntechOpen. p. 213–219. doi:10.5772/66944.

Spinelli, G. R., M. M. Ronderos, F. Díaz, and P. I. Marino. 2005. The blood-
sucking biting midges of Argentina (Diptera: Ceratopogonidae). Mem. 
Instit. Oswaldo Cruz. 100: 137–150.

Stamatakis, A. 2014. RAxML version 8: a tool for phylogenetic analysis and 
post-analysis of large phylogenies. Bioinformatics. 30: 1312–1313.

Thompson, J. D., D. G. Higgins, and T. J. Gibson. 1994. CLUSTAL W: 
improving the sensitivity of progressive multiple sequence alignment 
through sequence weighting, position-specific gap penalties and weight 
matrix choice. Nucleic Acids Res. 22: 4673–4680.

Wiemers, M., and K. Fiedler. 2007. Does the DNA barcoding gap exist?–a case 
study in blue butterflies (Lepidoptera: Lycaenidae). Front. Zool. 4: 81–16.

Wirth, W. W., and F. S. Blanton. 1973. A review of the maruins or biting 
midges of the genus Culicoides (Diptera: Ceratopogonidae) in the Amazon 
Basin. Amazoniana. 4: 405–470.

Wirth, W. W., A. L. Dyce, and G. R. Spinelli. 1988. An atlas on wing 
photographs, with a summary of the numerical characters of the 
Neotropical species of Culicoides (Diptera: Ceratopogonidae). Cont. 
Am. Ent. Inst. 25: 1–72.

Zhang, A. B., L. J. He, R. H. Crozier, C. Muster, and C. D. Zhu. 2010. 
Estimating sample sizes for DNA barcoding. Mol. Phylogenet. Evol. 54: 
1035–1039.

Zhang, J., P. Kapli, P. Pavlidis, and A. Stamatakis. 2013. A general spe-
cies delimitation method with applications to phylogenetic placements. 
Bioinformatics. 29: 2869–2876.

Downloaded From: https://bioone.org/journals/Journal-of-Medical-Entomology on 25 May 2023
Terms of Use: https://bioone.org/terms-of-use	Access provided by Fundacao Oswaldo Cruz (FIOCRUZ)

https://doi.org/10.5772/66944

