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Abstract - Many species of hummingbirds are sexually monochromatic. This is surprising because in all hummingbird species parental care is
carried out by females, while males are promiscuous, and this mating system is usually associated with some form of sexual dimorphism. To
study sexual selection in monochromatic species, the identification of sex is a prerequisite. Using blood and feathers from live individuals we
apply a simple method to identify sex. We amplified fragments of the CHD-1 gene through PCR, using P2 and P8 primers with fluorescence,
followed by genotyping in an automatic sequencer. We sexed 110 individuals of five species: Versicolored Emerald (Amazilia versicolor),
White-throated Hummingbird (Leucochloris albicollis), White-vented Violetear (Colibri serrirostris), Black Jacobin (Florisuga fusca), and Swal-
low-tailed Hummingbird (Eupetomena macroura). We found gene fragments of two sizes: 374 bp in both sexes (Z chromosome) and either
379 or 383 bp in females (W chromosome). Using this method for monochromatic species permits sexing in species with similar fragment
sizes between sexes (i.e., hummingbirds). Sexing monochromatic birds will be very useful for field studies that require continuous monitoring
of individuals in the wild.

Resumo - Determinagdo sexual molecular em beija-flores monocromaticos neotropicais

Muitas espécies de beija-flores sdo sexualmente monocromaticas, o que pode ser surpreendente, ja que todas as espécies desta familia
apresentam cuidado parental realizado pelas fémeas. Os machos sdo promiscuos e esse sistema de acasalamento geralmente esta associado
ao dimorfismo sexual. Para estudar a selegcdo sexual em espécies monocromaticas, devemos primeiramente identificar os sexos. Aqui,
utilizando sangue e penas de individuos vivos, aplicamos um método simples para sexagem. Amplificamos os fragmentos do gene CHD-1
através de PCR, utilizando iniciadores P2 e P8 com fluorescéncia, seguido de genotipagem em sequenciador automatico. Foram sexados 110
individuos de cinco espécies: Amazilia versicolor, Leucochloris albicollis, Colibri serrirostris, Florisuga fusca e Eupetomena macroura. Os
fragmentos foram identificados em: 374 pb para ambos os sexos (cromossomo Z) e 379 ou 383 pb para fémeas (cromossomo W). Esta
aplicagdo do método em espécies monocromdticas beneficiard a sexagem em espécies onde ha similaridade entre os tamanhos dos
fragmentos, como nos beija-flores. Além disso, se tornara uma util ferramenta para estudos de campo que exijam o monitoramento con-
tinuo de individuos na natureza.
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INTRODUCTION

Hummingbirds (family Trochilidae) are well-known for their typically brightly colored males and their usually plain females that
assume all aspects of parental care. Yet several species are sexually monomorphic and monochromatic (Ruschi 1982, Sick 1997,
Schuchmann 1999, Fogden et al. 2014, Winkler et al. 2015), which is an enigma because female-only parental care typically
goes hand-in-hand with sexual selection of males that result in bright colors or energetic displays (Hurly et al. 2001, Rico-
Guevara & Araya-Salas 2015). To understand the lack of sexual dimorphism among hummingbirds we must first identify sex
and then test for possible cryptic dimorphism (Miyaki et al. 1998, Bertault et al. 1999, Russello & Amato 2001).

We wanted to identify sex in an assemblage of species during a study of population dynamics and so needed to minimize
stress and handling. Thus, we used molecular analysis of simple tissue samples in which sex identification should be possible
through variation in intron lengths of the chromodomain-helicase-DNA-binding (CHD-1) genes on the CHD-Z and CHD-W (on Z
and W chromosomes, respectively) that can be compared through electrophoresis (300—400 and 400-700 bp, respectively;
Griffiths et al. 1998, Fridolfsson & Ellegren 1999). This inexpensive method can be performed in most genetics laboratories.
Differences in size of these genes by sex are often variable (Griffiths et al. 1998, Wang et al. 2007), and so the generality of the
method is unclear. In hummingbirds, sex was identified by comparison of the CHD-1 genes using electrophoresis in the Spark-
ling Violetear (Colibri coruscans; Jensen et al. 2003), using P2/ P8 primers (Griffiths et al. 1998) and 1272H/ 1237L primers

Receipt 15 January 2018 - First decision 29 May 2018 - Acceptance 6 September 2018 - Online publication 12 September 2018
Communicated by Kaspar Delhey © Neotropical Ornithological Society

225



ORNITOLOGIA NEOTROPICAL (2018) 29: 225-228

(Kahn et al. 1998) with 20 bp of difference between genes on
the Z and W chromosomes, but this method was unsuccess-
ful in other species (Presti pers. observ.). When sex identifi-
cation was not possible, it was due to the very small differ-
ence in length of Z-linked and W-linked CHD-1 gene frag-
ments (Kahn et al. 1998). Recently, the sexing technique by
Griffiths et al. (1998) was tested in dichromatic North Ameri-
can hummingbirds (Hagadorn et al. 2016). Here, our goal was
to demonstrate that this method (employing only blood and
feathers as sources of DNA) using a single pair of primers (P2
and P8) can be applied to monochromatic species. We ap-
plied this technique to identify sex in five species of hum-
mingbirds in southern Brazil, all of which cannot be sexed in
the hand: Versicolored Emerald (Amazilia versicolor), White-
throated Hummingbird (Leucochloris albicollis), White-
vented Violetear (Colibri serrirostris), Black Jacobin (Florisuga
fusca), and Swallow-tailed Hummingbird (Eupetomena ma-
croura; Figure 1).

METHODS

Study site and samples. Hummingbirds were captured in the
Atlantic forest in the municipality of Piraquara, in the state of
Parand in southern Brazil (25.5214°S, 49.0925°W) from Au-
gust 2014 to March 2015. One contour feather from the pec-
toral region was taken from each bird to obtain the tissue at
the feather base. Feather samples were placed in absolute
alcohol and stored at room temperature. In 17 L. albicollis,
we also sampled a small quantity of blood (< 10 ul) by cutting
a nail to the quick and collecting a drop or two of blood on
filter paper. All individuals were released immediately after
collecting the material.

Polymerase chain reactions of the CHD-1. DNA was isolated
using two kits from Qiagen, the DNeasy Blood & Tissue Kit
(for blood) and the QlAamp DNA Micro Kit (for feathers),
both following the manufacturer’s recommended protocol
(Bruford et al. 1992). To sex birds, we amplified fragments of
the CHD-1 gene through polymerase chain reactions (PCR),
using the primers P2 and P8 (Griffiths et al. 1998). P2 primers
were labeled with the fluorescent dye FAM. PCR amplifica-
tion was carried out with Mytaq (Bioline) in a 10 ul reaction
mixture following the manufacturer protocol, in a T100 Bio-
rad thermal cycler at 952C for 5 min, 28 cycles at 949C for 30
s, 482C for 45 s and 72°C for 45 s, which was then continued
for another 5 min. PCR products were separated by capillary
electrophoresis using the automatic sequencer ABI 3130xl
Genetic Analyzer. Fragments were scored against GeneScan
500 LIZ size Standard, using GeneMapper (version 4.1, Ap-
plied Biosystems). Previous study had shown that amplified
fragments of the CHD genes are of different sizes. Males are
homogametic (ZZ) and have fragments of only one size, while
females are heterogametic (ZW) and have two fragment
sizes (Griffiths et al. 1998). Thus, all birds with bands having
one gene fragment size were considered male while those
with two fragment sizes were assumed to be female.

RESULTS
All individuals had a 374 bp gene fragment on the Z chromo-
some and females had an additional fragment on the W

chromosome, all easily seen using capillary electrophoresis
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and with DNA extracted from feathers or blood. The addi-
tional fragment in females was 379 bp in A. versicolor, L. al-
bicollis, and E. macroura, and 383 bp in C. serrirostris and F.
fusca. With this information, we identified the sex of 110
individuals of the five species, with 33 females and 77 males:
A. versicolor (4 females, 13 males), L. albicollis (5, 30), C. ser-
rirostris (2, 20), F. fusca (12, 4), and E. macroura (10, 10).

DISCUSSION

We found that sex can be identified clearly using small quan-
tities of blood or feathers that can be collected quickly and
easily in the field, and this is the first study using this method
in sexually monochromatic hummingbirds. All individuals
were successfully and unequivocally sexed because the
differences in base-pair lengths are clearly visible by capillary
electrophoresis (but not by electrophoresis on agarose gel;
Griffiths 2000, Wang et al. 2007, Shibuya 2016). This infor-
mation is important because it will allow future studies to
direct their efforts to quicker, less costly and more efficient
methods. Thus, capillary electrophoresis using an automatic
sequencer is an efficient combination for sexing these hum-
mingbirds, and perhaps any species with a 1 bp or larger
difference between fragment sizes (Lee et al. 2010).

About half of all hummingbird species are sexually mono-
chromatic, most often without size or other morphological
differences between the sexes (Schuchmann 1999, Fogden et
al. 2014, Shibuya 2016). With this technique, these birds can
now be sexed and issues related to sex can now be studied in
the field. Also, we demonstrate that a minimal amount of
tissue or blood can quickly be taken from the birds, thereby
minimizing stress and time in hand, since it could be fatal for
small birds like hummingbirds.

Molecular sexing is the most reliable method for identify-
ing sex and is commonly used in birds (Griffiths 2000, Ban-
tock et al. 2008, He et al. 2013). The method described by
Griffiths et al. (1998) has proved to be an effective tool
(Griffiths 2000, Wang et al. 2007, Lee et al. 2010, Hagadorn
et al. 2016), now also in monochromatic hummingbirds.
When two fragment sizes are found, it is clear that the indi-
vidual is a female. Thus, we did not use another independent
method of sexing birds. In our case, other methods would
have often been fatal or have interfered with the concurrent
population dynamics study (i.e., laparoscopy, laparotomy, or
tomography; see Prus & Schmutz 1987, Taylor 1994). More-
over, comparisons of morphology between the sexes in all
these species demonstrated that there is no sexual dimor-
phism (Shibuya 2016). Anecdotally, we sexed a color-marked
F. fusca as female that subsequently was found incubating
on a nest, and thus is an independent confirmation of sex.
Nonetheless, further tests of this method with known-sex
specimens should be carried out, perhaps by extracting DNA
from already sexed museum specimens.

Understanding differences in behavior and ecology bet-
ween the sexes is increasingly important for understanding
migration, ecology, and reproduction in fragmented habitats
and with climate change (Montalti et al. 2004, Gill & Vonhof
2006, Sekercioglu 2006, Smith 2010). Birds can be marked
(several methods are available for marking hummingbirds;
see Stiles & Wolf 1973, Kapoor 2012) and then sexed, there-
by making it possible to include sex in behavioral and ecolog-
ical studies, including long-term population studies.



(a) Versicolored Emerald

DNA SEX DETERMINATION IN HUMMINGBIRDS

(b) White-throated Hummingbird
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(d) Black Jacobin

Figure 1. Study species of monochromatic hummingbirds in southern Brazil: a) Versicolored Emerald (Amazilia versicolor); b) White-throated
Hummingbird (Leucochloris albicollis); c) White-vented Violetear (Colibri serrirostris); d) Black Jacobin (Florisuga fusca); and e) Swallow-tailed
Hummingbird (Eupetomena macroura). Photographs by Luiz Carlos da Costa Ribenboim.
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