Molecular Ecology Resources (2008) 8, 1169-1177

DNA BARCODING

doi: 10.1111/j.1755-0998.2008.02218.x

Molecular taxonomy of Brazilian tyrant-flycatchers

(Passeriformes: Tyrannidae)

A. V.CHAVES,C. L.CLOZATO,D. R.LACERDA,E. H. R. SARI*and F. R. SANTOS
Departamento de Biologia Geral, Instituto de Ciéncias Bioldgicas, Universidade Federal de Minas Gerais, CP 486, 31270-901, Belo

Horizonte, Minas Gerais, Brazil

Abstract

The tyrannids are one of the most diverse groups of birds in the world, and the most numerous
suboscine family in the Neotropics. Reflecting such diversity, many taxonomic issues arise
in this group, mainly due to morphological similarities, even among phylogenetically distant
species. Other issues appear at higher taxonomic levels, mostly brought up by genetic studies,
making systematics a rather inconclusive issue. This study looks into the use of DNA barcodes
method to discriminate and identify Tyrannidae species occurring in the Atlantic Forest
and Cerrado biomes of Brazil. We analysed 266 individuals of 71 tyrant-flycatcher species
from different geographical locations by sequencing 542 bp of the mtDNA COI gene. The
great majority of the analysed species showed exclusive haplotypes, usually displaying
low intraspecific diversity and high interspecific divergence. Only Casiornis fuscus and
Casiornis rufus, suggested in some studies to belong to a single species, could not be phy-
logenetically separated. High intraspecific diversity was observed among Elaenia obscura
individuals, which can suggest the existence of cryptic species in this taxon. The same was
also observed for Suiriri suiriri, considered by some authors to comprise at least two species,
and by others to be divided into three subspecies. Additionally, the use of sequences from
voucher specimens allowed us to correct four misidentifications that had happened in the
field. Our findings suggest a great power of the COI barcodes to discriminate species of the
Tyrannidae family that are found in Brazil.
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Introduction

Tyrannidae is the largest bird family of the Neotropical
region and belongs to the Suboscine lineage of the order
Passeriformes. They are highly diverse and adapted to a
wide variety of ecological niches in the South and Central
American continents, although some species also reach
North America (Ridgely & Tudor 1994). About 374 species
distributed in 88 genera are estimated to be part of this
family (Traylor-Jr 1977,1979). In Brazil, 208 species belonging
to 78 genera are traditionally grouped into four subfamilies:
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Pipromorphinae, Elaeninae, Fluvicolinae and Tyranninae
( CBRO 2007).

Tyrannid birds were first grouped in subfamilies based
on morphological features of the syringeal set of muscles
(Ames 1971), foot structure and tarsal scutellation (Sclater
1888), presence of the internal syringeal cartilage (Lanyon
1986, 1988a, b, c), and presence of M. obliqui ventrales (Prum
1990). Those morphological criteria used so far showed
a huge variability and discordance, lacking robust features
to distinguish monophyletic lineages (Snow 1975; Traylor-Jr
1977, 1979; Birdsley 2002). Identification of tyrant-flycatcher
species presents several taxonomic uncertainties, mostly
due to the striking morphological similarities that exist
between species, even those that are phylogenetically
distant. Often, field identification is based on the birds’
vocalizations or species exclusion using known geographical
distribution.
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Furthermore, phylogenetic relationships within Tyran-
nidae and between Tyrannidae and other passerine families
are difficult to establish (Ames 1971). At this point, scientific
literature reveals many propositions coming from different
fields, such as morphology, ethology and molecular biology,
which conflict on several complicated genera (Traylor-Jr
1977; Birdsley 2002; Chesser 2004). The actual division of
subfamilies remains informally assigned, partly because of
the absence of some genera in systematic studies that could
clarify these affinities (del Hoyo et al. 2004).

Recently, DNA barcodes based on sequences of the
mtDNA cytochrome c oxidase subunit I (COI) gene have
been applied to the identification of 93% of all North
American birds (Kerr et al. 2007). Neotropical birds usually
display higher genetic diversity within and between species
than temperate species (Hackett & Rosenberg 1990; Bates
2000; Winker et al. 2000; Chesser 2004), and also exhibit
impressive ecological, behavioural and morphological
diversity. Therefore, theoretically, a higher discrimination
power would be needed for species identification of subos-
cine birds, a diverse South American group that radiated
into several hundred species since the Miocene (Futuyma

1997). Recently, our group showed that COI barcodes
can be efficiently used to discriminate species of Tham-
nophilidae, another suboscine family occurring in the
Neotropical region (Vilaga et al. 2006). In this work, DNA
barcodes were applied to the identification of species of the
highly diverse family Tyrannidae.

Materials and methods

We checked the discriminative power of COI barcode
sequences applied to 266 individuals of 71 species belonging
to 45 genera of Brazilian tyrannids (Table 1) classified
according to the Brazilian Committee of Ornithological
Register (CBRO 2007), the most updated list of Brazilian
bird species. The number of analysed species is large,
especially considering that most samples were collected
from areas within the Atlantic Forest and Cerrado biomes
(Fig. 1), two biodiversity hotspots from Brazil (Myers et al.
2000). Most species that are absent from this study are
usually difficult to capture, rare, inhabitants of the canopy,
or occur in the Amazon and other Brazilian biomes that
were not sampled in this study.
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Fig. 1 Map showing the sampling sites in Brazil (states in parentheses: MS, Mato Grosso do Sul; MT, Mato Grosso; MG, Minas Gerais;
BA, Bahia; ES, Espirito Santo): 1 Corumba (MS), 2 Aripuana (MT), 3 Nossa Senhora do Livramento (MT), 4 Araponga (MG), 5 Belo
Horizonte (MG), 6 Bocaitiva (MG), 7 Brazilandia de Minas (MG), 8 Caratinga (MG), 9 Cardeal Mota (MG), 10 Catas Altas (MG), 11
Conceigao do Mato Dentro (MG), 12 Diamantina (MG), 13 Felixlandia (MG), 14 Francisco Sa (MG), 15 Grao Mogol (MG), 16 Itacambira
(MQG), 17 Itumirim (MG), 18 Jaboticatubas (MG), 19 Janatba (MG), 20 José Gongalves de Minas (MG), 21 Leme do Prado (MG), 22 Marliéria (MG),
23 Nova Lima (MG), 24 Perdées (MG), 25 Salto da Divisa (MG), 26 Santa Barbara (MG), 27 Santana do Riacho (MG), 28 Sdo Bartolomeu
(MG), 29 Simonésia (MG), 30 Turmalina (MG), 31 Vazante (MG), 32 Vicosa (MG), 33 Virgem da Lapa (MG), 34 Alcobaca (BA), 35 Mucuri
(BA), 36 Agua Doce do Norte (ES), 37 Alfredo Chaves (ES), 38 Aracruz (ES), 39 Santa Teresa (ES), 40 Sao Mateus (ES), 41 Sooretama (ES),
42 Ouro Preto (MG), 43 Jequitinhonha Valley (MG), 44 Morada Nova de Minas (MG), 45 Domingos Martins (ES), 46 Divino (MG).
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Table 1 Species of Tyrannidae and codes, subfamilies (CBRO 2007), number of individuals (N) analysed and haplotypes observed (H) for
each species, sampling sites and number of intraspecific variable (V), parsimony informative (PI) and singleton (S) sites

Codes Species Subfamily N H Sampling sites* \% PI S
Mru Mionectes rufiventris Pipromorphinae 6 5 4,21,26,29,30 6 1 5
Lam Leptopogon amaurocephalus Pipromorphinae 9 9 4,6,7,8,13,23,25,29 43 25 20 5
Cde Corythopis delalandi Pipromorphinae 5 2 6,24,28,32 2 0 2
Hdi Hemitriccus diops Pipromorphinae 3 3 42343 2 0 2
Hst Hemitriccus striaticollis Pipromorphinae 2 2 7 1 0 1
Hni Hemitriccus nidipendulus Pipromorphinae 1 1 10 — — —
Hma Hemitriccus margaritaceiventer Pipromorphinae 6 2 1,6,13 2 0 2
Tpl Poecilotriccus plumbeiceps Pipromorphinae 2 2 26,46 2 0 2
Tla Poecilotriccus latirostris Pipromorphinae 1 1 31 — — —
Tci Todirostrum cinereum Pipromorphinae 2 2 1,25 3 0 3
Pfa Phyllomyias fasciatus Elaeniinae 4 4 6,26 4 1 3
Mga Myiopagis gaimardii Elaeniinae 2 2 2,3 2 0 2
Mca Myiopagis caniceps Elaeniinae 1 1 8 — — —
Mvi Myiopagis viridicata Elaeniinae 6 5 6,7,21,43 3 1 2
Efl Elaenia flavogaster Elaeniinae 6 5 7,12,13,18,38 4 0 4
Eab Elaenia albiceps Elaeniinae 2 2 12 1 0 1
Epa Elaenia parvirostris Elaeniinae 1 1 1 — — —
Emes Elaenia mesoleuca Elaeniinae 2 2 13 1 0

Ecr Elaenia cristata Elaeniinae 9 2 9,2,13,16 2 2

Ech Elaenia chiriquensis Elaeniinae 3 3 6,9,13 11 0 11
Eob Elaenia obscura Elaeniinae 6 6 9,12,13,42 63 58 5
Cob Camptostoma obsoletum Elaeniinae 4 1 7,13,30 0 0 0
Ssu Suiriri suiriri Elaeniinae 8 4 3,7,1344 44 3 41
Pmu Phaeomyias murina Elaeniinae 7 7 6,7,12,25,26 7 1 6
Cfl Capsiempis flaveola Elaeniinae 4 4 25,31 11 4 7
Psu Polystictus superciliaris Elaeniinae 5 1 9,27 0 0 0
Pac Pseudocolopteryx acutipennis Elaeniinae 1 1 1 — — —
Eme Euscarthmus meloryphus Elaeniinae 6 2 15,25,38 2 0 2
Smo Sublegatus modestus Elaeniinae 1 1 3 - — —
[in Inezia inornata Elaeniinae 2 2 1 2 0 2
Ccau Culicivora caudacuta Elaeniinae 1 1 23 — —

Mau Myiornis auricularis Elaeniinae 1 1 21 — - -
Tsu Tolmomyias sulphurescens Elaeniinae 5 3 6,7,13,14,36 10 9 1
Tfl Tolmomyias flaviventris Elaeniinae 7 4 6,14, 25,38 3 2 1
Pmy Platyrinchus mystaceus Elaeniinae 4 3 4,13,21,43 9 7 2
Ppl Platyrinchus platyrhynchos Elaeniinae 1 1 2 — — —
Mfa Myiophobus fasciatus Fluvicolinae 2 2 14,26 1 0 1
Mba Myiobius barbatus Fluvicolinae 6 4 6,7,30 2 2 0
Mat Myiobius atricaudus Fluvicolinae 5 3 4,26,28,39 4 1 3
Leu Lathrotriccus euleri Fluvicolinae 11 4 4,6,8,13,23,25,28,43 4 0 4
Cnfu Cnemotriccus fuscatus Fluvicolinae 8 4 5,6,7,13,43,45 4 2 2
Cci Contopus cinereus Fluvicolinae 1 1 7 — — —
Kcey Knipolegus cyanirostris Fluvicolinae 2 2 4,23 14 0 14
Kfr Knipolegus franciscanus Fluvicolinae 2 1 6 0 0 0
Klo Knipolegus lophotes Fluvicolinae 1 1 9 - — —
Kni Knipolegus nigerrimus Fluvicolinae 2 1 10,27 0 0 0
Xve Xolmis velata Fluvicolinae 1 1 26 — — —
Gye Gubernetes yetapa Fluvicolinae 1 1 15 — - -
Fne Fluvicola nengeta Fluvicolinae 1 1 18 - — —
Cco Colonia colonus Fluvicolinae 3 3 17,17,33 8 0 8
Lle Legatus leucophaius Tyranninae 1 1 26 — — —
Mcay Myiozetetes cayanensis Tyranninae 4 2 21,26 2 2 0
Msi Myiozetetes similis Tyranninae 3 1 14,22 0 0 0
Pisu Pitangus sulphuratus Tyranninae 5 3 25,29,40 2 0 2
Pli Philohydor lictor Tyranninae 2 1 22 0 0 0
Mma Myiodynastes maculatus Tyranninae 6 3 7,13,25,38 7 4 3
© 2008 The Authors
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Table 1 Continued

Codes Species Subfamily N H Sampling sites* Vv PI S

Mpi Megarynchus pitangua Tyranninae 4 1 6,7,14,38 0 0 0
Eva Empidonomus varius Tyranninae 1 1 26 — — —
Gau Griseotyrannus aurantioatrocristatus Tyranninae 2 2 1,13 3 0 3
Tme Tyrannus melancholicus Tyranninae 6 4 2,13,25,38 16 11 5
Tsa Tyrannus savana Tyranninae 1 1 15 - - —
Ssi Sirystes sibilator Tyranninae 2 2 7,37 2 0 2
Cru Casiornis rufus Tyranninae 8 7 1,6,7,13 13 10 3
Cfu Casiornis fuscus Tyranninae 6 4 19,2543 8 1 7
Mtu Myiarchus tuberculifer Tyranninae 2 2 38 3 0 3
Msw Myiarchus swainsoni Tyranninae 7 3 6,7,21,24 4 0 4
Mfe Myiarchus ferox Tyranninae 10 5 4,6,7,8,13,22,23,33 5 2 3
Mty Myiarchus tyrannulus Tyranninae 8 2 1,7,25,26,35,38 1 0 1
Aph Attila phoenicurus Tyranninae 1 1 2 — — —
Aru Attila rufus Tyranninae 3 3 4,29,32 2 0 2
Asp Attila spadiceus Tyranninae 1 1 41 — — —

*See Fig. 1 for geographical location of sampling sites.

(—) dashes indicate that intraspecific variable positions cannot be computed.

The source of the DNA was blood or tissue samples from
recently captured individuals or corneal tissue of the tarsus
from museum specimens. Blood and tissue samples were
kept in absolute ethanol until DNA extraction. Collected
skin specimens were deposited in the Ornithological
Collection of the Universidade Federal de Minas Gerais,
Brazil. Most of the 46 sampling sites were in the Brazilian
states of Minas Gerais (MG), Bahia (BA) and Espirito Santo
(ES). There was also a single Pantanal site in the Mato
Grosso do Sul (MS), and a single Amazon forest site in the
Mato Grosso (MT) State of Brazil (Fig. 1). DNA from 21
species was obtained exclusively from blood or fresh tissue
samples, for another 20 species DNA was obtained exclu-
sively from voucher samples, and for the remaining 30
species DNA was obtained from both source materials.
One sample of Synallaxis frontalis (Furnariidae) was used as
an outgroup for phylogenetic reconstructions.

For DNA extraction from blood and fresh tissue samples,
we used a modified phenol-chloroform-isoamilic alcohol
protocol (Vilaga et al. 2006). For ancient voucher specimen
skin, total DNA was extracted using the DNeasy Kit (QIA-
GEN). Next, DNA samples were stored in the collection
(BD-LBEM) of the Universidade Federal de Minas Gerais,
recognized by the Brazilian Ministry of Environment.

The COI gene was entirely amplified (1550 bp), to avoid
amplification of numts (Sorenson & Quinn 1998), using
primers L6615 and H8121 (Folmer et al. 1994). The poly-
merase chain reactions (PCRs) were done under the follow-
ing conditions: 94 °C for 2 min, 35 cycles of 63 °C for 40's,
72 °C for 2 min, 94 °C for 40 s and a final extension of 10 min
at 72 °C. The amplifications were carried out in 12.5 pL
reactions containing 0.5 U of Tag polymerase (Phoneutria),
1x buffer with 1.5 mm MgCl, (Phoneutria), 200 um of dNTPs,

0.5 um of each primer and 2 pL of genomic DNA (~40 ng).
The amplification products were purified by precipitation
in PEG 8000 (20% polyethyleneglycol, 2.5 m NaCl) and
finally dissolved in ultrapure water.

The sequencing reactions consisted of 35 cycles of 95 °C
for 25s, 50 °C for 15 s, 60 °C for 3 min in a total volume of
10 uL, which contained 4 pL of the sequencing Kit (ET DYE
Terminator Kit for MegaBACE, Amersham Biosciences),
3 uL of ultrapure water, 2 uL of purified PCR product and
1 pL of primer (0.5 uM final concentration). The following
primers were used for sequence reactions: socoiF1 5"-TTC-
TACAAACCATAAAGATATTGGCA-3’ (modified from
Hebert et al. 2004), LCO1490 and HCO2198 (Folmer et al.
1994), and H6035COI_Tyr 5-CCTCCTGCAGGGTCAAA-
GAATGT-3’ (designed for the present study). Sequencing
products were purified using ammonium acetate and
ethanol, then dissolved with formamide-EDTA buffer and
run in the automatic sequencer MegaBACE 1000 (Amersham
Biosciences).

Contig alignments were obtained from three to five
forward and reverse sequences, derived from at least two
different PCR products, using programs PHRED version
0.20425 (Ewing et al. 1998), PHRAP version 0.990319 (http://
www.phrap.org) and coNsep version 14.0 (Gordon et al.
1998). High quality consensus COI sequences presented at
least a PHRED 20 score (99% confidence) for every nucleotide
position. Final consensus sequences for each individual are
deposited at the Barcode of Life Data Systems (Accession
nos BBB048-07 to BBB318-07) and at GenBank (Accession
nos EU232761 to EU233026).

The alignments of the consensus sequences for all indi-
viduals and species were built using cLusTAL w algorithm
available in the software MEGA 3.1 (Kumar et al. 2004).

© 2008 The Authors
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MEGA 3.1 was also used to estimate the number intraspe-
cific polymorphisms, the divergence between different
haplotypes using the Kimura 2-parameter’s (K2P) nucle-
otide substitution model, and to build the neighbour
joining (NJ) trees with K2P distances, tested with 1000
bootstrap replications. Besides, the program pNasp 4.0
(Rozas et al. 2003) was also used to check synonymous and
nonsynonymous substitution sites.

Results

Consensus sequences of 542 bp of the COI mtDNA gene
were obtained for all individuals. The sequences did not
contain insertions, deletions, stop codons or any high quality
ambiguities that could suggest the presence of numts
(Sorenson & Quinn 1998). We obtained 252 variable sites,
from which 78 corresponded to species” autapomorphic
sites. Forty-six species showed at least one autapomorphy,
and the number of variable sites that were exclusive of
single species varied from one to four (Table S1, Support-
ing Information). We also found 54 nonsynonymous
substitution sites, 32 of which were exclusively found in
19 species. Intraspecific nucleotide variation was found
for 45 species (Table 1), while amino-acid intraspecific
changes were observed in 21 species (data not shown).

The differences between COI sequences were usually
higher among than within species. Intraspecific haplotypes
clustered in monophyletic clades with 99-100% bootstrap
support in an NJ tree (Fig. 2). Casiornis rufus and C. fuscus
were the only case in which different species shared COI
haplotypes, suggesting that they do not represent recipro-
cally monophyletic species (Fig. 3). Interspecific divergences
ranged from 2% between Myiobius atricaudus and Myiobius
barbatus, to 23.2% between Platyrinchus mistaceus and
Polystictus superciliares, averaging 17.3%. The intraspecific
diversities were calculated for 52 species and varied from
0 for several species, to 6.7% for Elaenia obscura, averaging
0.6%. This high diversity observed among E. obscura
individuals was mostly due to the inclusion of two speci-
mens from Diamantina region (cluster 1) that were highly
divergent (12%) from a separate clade containing four
specimens sampled in other distant localities (cluster 2).
Besides, these two E. obscura clades join with a bootstrap
support of only 53% (Fig. 2).

Three specimens of Suiriri suiriri analysed in this study
were captured as a single family group, such as those
described in Zimmer et al. (2001) and Lopes & Marini
(2005), in Brazilandia de Minas. One of those birds was
a white-bellied form (dz4972), and the other two were
yellow-bellied forms (dz4970 and dz4971). Our genetic
analysis showed that the individual dz4970 was highly
divergent from the others, resulting in an increase of the
mean genetic divergence obtained for the entire S. suiriri
complex (4.6%). With the exclusion of dz4970 from the

© 2008 The Authors
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Fig. 2 Neighbour-joining tree using Kimura 2-parameters model
for 266 COI sequences from 71 Tyrannidae species. Bootstrap
support values are indicated on the branches (values below 45
were omitted) and sequences of each species were collapsed. We
used Synallaxys frontalis (Furnariidae) as outgroup.

analysis, the intraspecific divergence between the other
seven S. suiriri specimens dropped to only 0.2%. Interesting
to note is the well-supported clade containing the white-
bellied dz4972 together with yellow-bellied specimens
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Fig. 3 Details of the neighbour-joining tree for the Casiornis
species (see species codes in Table 1). Numbers below the branches
show the bootstrap support values. Numbers between parentheses
indicate the sampling localities (Fig. 1). The individual codes
within the squares are voucher specimens.
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Fig. 4 Details of the neighbour-joining tree for the Suiriri suiriri
species. Numbers below the branches show the bootstrap support
values. Numbers between parentheses indicate the sampling
localities (Fig.1). All sequences were obtained from voucher
specimens (dz#). The black circle marks the white-bellied S.
suiriri; the remaining ones are yellow-bellied S. suiriri.

classified as S. s. affinis (Fig. 4), suggesting that genetic data
may not reflect morphological differences that are often
used for subspecies classification.

The efficiency of the COI gene sequences for species
identification was also tested through the analysis of samples
with questionable field identifications. This was the case
of two samples that, after grouping with high bootstrap
support with five unambiguously identified Phaeomyias
murina (including one voucher specimen), were definitely
assigned to this species, confirming the uncertain field
identification (tree not shown). Additionally, two samples
that were previously classified as Myiobius sp., could be
safely assigned to M. atricaudus (B1020*) and M. barbatus
(B2198%), after forming strongly supported clades with

B0743-Mat (4)
B1020-Myiobiussp* (28) @
% _ |l B1855-Mat(4)

M. atricaudus

13Kdz4457-Mat (26)
99 dz4588-Mat (39)|
4g ] B2198-Myiobiussp* (7) o
M. barbatus
B2307-Mba (30)
0.02

Fig. 5 Details of the neighbourjoining tree for the Myiobius
species (see species codes in Table 1). Numbers below the branches
show the bootstrap support values. Numbers between parentheses
indicate the sampling localities (Fig. 1). The individual codes
within the squares are voucher specimens. Black circles mark
individuals that could not be assigned to any Myiobius species in
the field. The arrow marks an individual that was misidentified
as Myiobius atricaudatus, but COI data indicate that it is Myiobius
barbatus.

sequences obtained from vouchers of both species (Fig. 5).
Finally, phylogenetic reconstructions showed that one
sample tagged in the field as M. atricaudus (B2507*), was
indeed an M. barbatus (Fig. 5), and another sample tagged
as Myiarchus ferox was shown to belong to the species
Myiarchus swainsoni (tree not shown). Both examples show
that the barcode technique applied to sequences from
voucher specimens can be useful to correct earlier mis-
identifications that often occur in the field, especially
when congeneric species occur in the same locality.

Discussion

The present study showed that the DNA barcodes technique
is a simple and direct method for identifying Neotropical
tyrant-flycatchers. The 542-bp fragment from the COI
mtDNA gene displayed a high discrimination power
providing interspecific divergences that were, on average,
26-fold higher than intraspecific ones. Additionally, the
analysis of COI barcodes using voucher specimens allowed
us to test the relative accuracy of this method. Field
identification of tyrant-flycatchers is often prone to mistakes,
resulting mostly from problems in diagnosing the subtle
morphological differences used to define species that,
frequently, show gradual variation across their distribution.
Although some taxonomic confusion could potentially
arise by hybridization and introgression, we have not
observed any suggestive evidence of their occurrence in
the present data set. This is not unexpected since mtDNA
markers should not be easily blurred by hybridization in
birds, because hybrid F, female birds would rarely reproduce
and transfer their mitochondria to the progeny if we assume

© 2008 The Authors
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that the Haldane’s rule applies to tyrant-flycatchers.
Haldane’s rule states that in the hybrid offspring of two
different animal races or species, if one of the sexes is absent,
rare or sterile, it is usually going to be the heterozygous
sex, i.e. females, in the case of birds (Haldane 1922).

Although based on small sample sizes, intraspecific
diversities observed in tyrannids were coherent and even
lower than the ones found in other bird species (Hebert
et al. 2004; Kerr et al. 2007), including Thamnophilidae,
another Neotropical passerine family (Vilaca et al. 2006).
DNA barcodes that show high intraspecific diversity may
create or reinforce suspicions of hidden diversity (Hebert
et al. 2003, 2004). This means that samples may have been
incorrectly assigned to the same species based on inaccurate
evaluation of morphological markers or differences in
morphology may simply not reflect the differences in
genetic parameters. The high intraspecific diversity we
found among samples of Elaenia obscura contrasted with
the low values found for all other species. Although a
detailed morphological analysis of the samples of E. obscura
is not possible (vouchers were not available), we suspect
that this result suggests the existence of cryptic species
within this taxon, which should be not uncommon for
Neotropical taxa.

Taxonomic classification within the genus Suiriri is the
focus of an intense debate. Currently, it includes S. islerorum,
a recently described species (Chapada flycatcher; Zimmer
et al. 2001), and the S. suiriri complex, which according to
many authors (Short 1975; Sibley & Ahlquist 1990; Sibley
& Monroe 1990; Lopes & Marini 2005) should be divided
in two species, S. suiririand S. affinis. In a recent taxonomic
review (Hayes 2001), S. suiriri is considered as a single
species divided in three distinct morphological forms or
subspecies occurring in parapatry. The first form, the S. s.
suiriri (South Suiriri), is a short-billed and white bellied
form that is found in the southwest (southern Bolivia,
southern Brazil, Paraguay, Uruguay and northern Argen-
tina). The S. s. affinis (Cerrado-Suiriri) is a longer-billed
and yellow-bellied form that is found in the Cerrado and
southern Amazon from Brazil, southern Surinam and
eastern Bolivia. Finally, S. s. bahiae includes both white
and yellow-bellied forms that are found in the Caatinga
from northeastern Brazil. There is a hybrid zone between
the Chaco and Cerrado biomes (Brazil, Bolivia and Para-
guay) where specimens exhibit intermediate morphometric
measures and increased plumage variability between affinis
and suiriri forms (Laubmann 1940; Zimmer 1955; Hayes
1995) and also similar vocalizations (Zimmer et al. 2001).
The existence of a second hybrid zone has been suggested
between Cerrado and Caatinga, where S. s. affinis and S. s.
suiriri would have originated the poorly known S. s. bahige
(Hayes 2001). The variability in plumage and intermediate
sizes exhibited by some S. s. bahiae vouchers available,
as well as the similarity between the S. s. suiriri and the
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white-bellied form of S. s. bahiae, supports the hypothesis
of a hybrid origin of S. s. bahiae (Hayes 2001). In this study,
one of the yellow-bellied S. suiriri (dz4970) was genetically
very divergent from the others, while clearly different
forms of S. suiriri grouped together in the phylogenetic
reconstruction (Fig. 4). Re-evaluation of the vouchers from
the S. suiriri collected in Brazilandia de Minas confirms
that both yellow-bellied dz4970 and dz4971 are within
the morphological continuum of the affinis form (Lopes &
Marini 2005 and unpublished morphological data from
Leonardo Lopes, personal communication, UFMG, Belo
Horizonte, Brazil). In addition, the white-bellied dz4972 was
collected in the same sampling site, which is also within the
range of the bahiae form, was genetically similar to other
yellow-bellied forms (Fig. 4). Therefore, to investigate in
detail the actual status of this species complex, what is funda-
mentally needed is a broader morphological and genetic
analysis that includes sampling all forms and also potential
hybrid zones.

The Casiornis genus has been previously grouped with
the Myiarchus genus based on morphological data (Ames
1971). In the present study, our data support that close
relationship and also the clustering (72% bootstrap) of
those two genera with Sirystes sibilator (Fig. 2). Within
Casiornis, the existence of ‘intermediate forms’ suggests
that C. rufus and C. fuscus may be a single species (Snow
1973; Traylor-Jr 1979; Sibley & Monroe 1990; Ridgely &
Tudor 1994). Although these two taxa, theoretically, do not
have overlapping distributions, with C. rufus occurring in
northeastern Brazil (Caatinga) and C. fuscus occurring in
central Brazil (Cerrado), many ornithologists have found
both of them in the same area, sometimes even in the same
field net, suggesting they are widely sympatric (Vasconcelos
et al. 2006). Field ornithologists use several methods to
distinguish these two Casiornis species, which differ by
several subtle plumage traits (Ridgely & Tudor 1994). In
the present study, our COI barcode phylogeny showed a
single well-supported monophyletic group, suggesting
that C. fuscus and C. rufus may be considered as a single
species. Still, more detailed genetic and morphological
studies based on a broader geographical sampling area
would help to understand their current taxonomic status.

The genus Myiarchus, with 22 species, is the largest in
the Tyrannidae family. Factors such as the uniformity in
the plumage patterns and colours, interspecific overlap
of most measurable characters, confusing geographical
variation and incompletely understood geographical
distribution of species, render it difficult to distinguish
several forms within this genus (Lanyon 1978). In the
present study, the COI barcodes allowed us to update the
identification of one specimen (B2173*), a Myiarchus swainsoni
that was misclassified in the field as M. ferox. Those two
taxa are good examples of polytypic species of the genus
Muyiarchus, both displaying migratory and resident
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populations, and bearing extremely diverse patterns of
morphology and vocalization. Because of such diversity, a
clear distinction between both species may be compromised.
With that goal, Lanyon (1978) has proposed a method
based on an index of proportions of the tail/wing length
and a formula that relates the length of the primary remiges
P5-P9 and P4-P10. However, it has been suggested that
Lanyon’s method does not apply to birds from some local-
ities, especially from the region of the Jequitinhonha Valley
in Brazil (Lucas Carrara, personal communication, UFMG,
Belo Horizonte, Brazil). Because B2173* was sampled in
Bocaitva, a city close to the Jequitinhonha Valley, it is
possible that the use of these continuous characteristics have
taken to the misidentification.

Our comparisons of intraspecific and interspecific
divergences, and the phylogenetic analyses using COI
barcodes, confirmed that this method is a precise and quick
way for the identification of Tyrannidae species from Brazil.
Therefore, we believe that it can be a valuable auxiliary
tool for taxonomic inventories and for identifying cryptic
species in this group. Our current COI analysis in a limited
number of species and other phylogeographical studies
from our group (Lacerda et al. 2007; unpublished data)
suggest the existence of large amounts of genetic diversity
in presently recognized bird species in the Neotropics,
which may be indicative of the existence of cryptic species.
Clearly, detailed phylogeographical and morphological
studies based on large samples from a broad geographical
area are needed to build a more complete and less- biased
database for Neotropical species.
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