ORNITOLOGIA NEOTROPICAL & Sociedad

=

(2016) 27: 275-287
ORIGINAL ARTICLE

2 de Ornitologia
Neotropical

SEXUAL DIMORPHISM IN A COOPERATIVE BREEDING THRAUPID (WHITE-BAN-
DED TANAGER, NEOTHRAUPIS FASCIATA): THE RELEVANCE OF THE BLACK MASK

Cassia Alves Lima-Rezende - Renato Caparroz

Departamento de Genética e Morfologia, Laboratério de Genética e Biodiversidade, Instituto de Ciéncias Bioldgicas, Univer-
sidade de Brasilia, Campus Universitario Darcy Ribeiro, Asa Norte, Brasilia, CEP 70910-900, Distrito Federal, Brazil.

E-mail: Cassia Alves Lima-Rezende - cassia.biologia@gmail.com

ABSTRACT - Sexual dimorphism is common among birds, and is often caused by sexual selection. The detailed charac-
terization of sexual dimorphism in a species is essential to propose and test hypotheses about the mechanisms
responsible for its origin and maintenance. In this context, we examined the sexual size and plumage dimorphism in
the White-banded Tanager (Neothraupis fasciata) based on wild individuals sexed using DNA-based techniques in
seven different localities in the Brazilian savanna (Cerrado). Based on eight morphometric variables, we found that
males were on average larger than females, and found statistically significant differences for some morphometric vari-
ables in three localities studied. Sexual dimorphism in plumage coloration was restricted to the size of the black mask,
which extended to the lores in males and was limited to the auriculars in females. Thus, our results showed that the
White-banded Tanager exhibits dimorphism in size and plumage, indicating that sexual dimorphism in this species
seems more intricate than it has been described in literature. We also emphasize that the extension of the black mask
is the best trait for sexing this species, and it can also be applied to immatures. Finally, we point out some aspects that
should be investigated to better understand the evolution and maintenance of the sexual dimorphism in the White-
banded Tanager.

RESUMO - Dimorfismo sexual em um traupideo com reprodugdo cooperativa (tié-do-cerrado, Neothraupis fasci-
ata): a relevancia da mascara preta

O dimorfismo sexual é comum entre as aves e é frequentemente causado pela selegdo sexual. A caracterizagdo do
dimorfismo sexual de uma espécie é essencial para propor e testar hipoteses relacionadas aos mecanismos respon-
saveis pela sua origem e manutengdo. Neste contexto, examinamos o dimorfismo sexual de tamanho e plumagem no
tié-do-cerrado (Neothraupis fasciata) em sete localidades diferentes distribuidas nas savanas brasileiras (Cerrado)
com base em individuos sexados por técnica molecular. Considerando as oito variaveis morfométricas avaliadas,
observamos que os machos foram em média maiores do que as fémeas, e encontramos diferencas estatisticamente
significativas para algumas varidveis morfométricas em trés localidades amostadas. O dimorfismo sexual de pluma-
gem nessa espécie esta relacionado com o tamanho da mdscara preta, que se estende até o loro nos machos e esta
limitada as auriculares nas fémeas. Os resultados mostram que o tié-do-cerrado apresenta tanto dimorfismo de
tamanho quanto de plumagem, indicando que o dimorfismo sexual nessa espécie parece mais complexo do que tem
sido descrito na literatura. Ressaltamos ainda que a extensdo da mascara preta é a melhor caracteristica para identifi-
car o sexo dos individuos desta espécie, inclusive porque esta caracteristica pode ser aplicada em imaturos. Final-
mente, nds apontamos alguns aspectos que podem ser investigados para melhor entender a evolugdo e manutengdo
do dimorfismo sexual no tié-do-cerrado.

KEY WORDS: Cerrado - Molecular sexing - Neotropical - Plumage dichromatism - Sexual size dimorphism - Thraupidae

INTRODUCTION

Sexual dimorphism in plumage and size is common among birds (Amadon 1959, Shine 1989, Owens & Hartley
1998, Temeles 2000, Dunn et al. 2001, Blondel et al. 2002). Several hypotheses have been proposed to explain
the origin and maintenance of the dimorphism, and since Darwin (1871) differences between the sexes are
mainly ascribed to sexual selection in its two forms: male-male competition (intrasexual selection) and female
choice (intersexual selection). In this context, the social mating system, level of sperm competition, and pattern
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of parental care can be considered important factors
determining sexual differences in plumage color
(Darwin 1871, Wallace 1889, Butcher & Rohwer
1989, Andersson & lwasa 1996; Dunn et al. 2001,
2015). Although sexual selection is the most common
explanation for sexual dichromatism in birds, ecologi-
cal factors can also play a role (Badyaev & Hill 2003).

Males and females may attain different body
sizes, resulting in sexual size dimorphism (Amadon
1959, Selander 1966). Males are usually larger than
females in most bird species (Darwin 1871, Amadon
1959), although in some cases females are larger than
males (reversed sexual size dimorphism), such as
some hummingbirds and raptors (Amadon 1959, Jehl-
Jr. 1970, Andersson & Norberg 1981, Temeles 2000,
Stiles et al. 2005). Different hypotheses have been
used to explain sexual size dimorphism, but the main
hypotheses in passerine birds are related to sexual
selection (Darwin 1871, Hedrick & Temeles 1989,
Andersson & Iwasa 1996, Blondel et al. 2002) and
ecological mechanisms, such as competition for
resources, which may result in sex differences in habi-
tat use and sexual niche segregation (Hedrick &
Temeles 1989, Shine 1989, Blondel et al. 2002).

Males are more colorful and larger than females
in most bird species, and the main explanation may
be attributed to higher variance in reproductive suc-
cess in males (e.g., Darwin 1871, Amadon 1959, Triv-
ers 1972). While these are the most widespread
patterns, there are some differences. In cooperative
breeding species, intrasexual competition (for breed-
ing sites, food, social status, and others) among
females can be similar or greater than in males (Hau-
ber & Lacey 2005, Rubenstein & Lovette 2009). In
response to this, females may acquire traits that
improve reproductive success directly through intra-
sexual competition, resulting in a more elaborate
plumage in females and a reduced degree of sexual
dimorphism (Hauber & Lacey 2005, Clutton-Brock
2009, Dale et al. 2015). For instance, the influence of
reproductive skew and selection on females is well-
known for African Starlings (Sturnidae), in which the
degree of sexual dimorphism is greater in non-coop-
erative than in cooperative breeding species (Ruben-
stein & Lovette 2009). Thus, cooperative breeding
species constitute important models to study the dif-
ferent forces shaping sexual dimorphism in birds.

In the order Passeriformes, sexual dimorphism
has been reported for many different bird families
(del Hoyo et al. 2016). In family Thraupidae (tanagers
and allies) about half of the species exhibit a marked
plumage dimorphism with males being more conspic-
uously colored than females (Sick 1984, Isler & Isler
1987, Ridgely & Tudor 1989, Burns 1998, Burns et al.
2014, del Hoyo et al. 2016). In contrast, sexual size
dimorphism has not often been investigated for
Thraupidae (Isler & Isler 1987), with few reports for
two species of the genus Tangara (T. preciosa, T. peru-
viana) (Firme et al. 2014).

In this study, we examined sexual dimorphism in
the White-banded Tanager (Neothraupis fasciata,
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Thraupidae), a monotypic and cooperatively breeding
species endemic to the tropical savannas of South
America (Cracraft 1985, Pichorim et al. 2014). Based
on the plumage color pattern, the White-banded
Tanager is characterized as sexually monomorphic
and drab by some authors (Allen 1981, Isler & Isler
1987, Burns 1998), although others have described
this species as sexually dimorphic (Sick 1984, Alves
1988, Ridgely & Tudor 1989, Sigrist 2013, Duca &
Marini 2014a, Hilty & de Juana 2016). In general,
adult males of this species have gray crown, nape,
and dorsal areas, a broad black mask extending from
the forehead through the lores and eyes to the
cheeks, and mostly black wing-coverts with white
band on lesser coverts. Throat and lower underparts
are white, while chest and upper breast are tinged
light pearly gray. Adult females are described as simi-
lar to adult males, but duller or slightly duller (Sick
1984, Alves 1988, Ridgely & Tudor 1989, Sigrist 2013,
Duca & Marini 2014a, Hilty & de Juana 2016). Imma-
tures are much duller and browner than adults and
neither present a black mask nor black wing-coverts
contrasting with the white wing-bar (Sick 1984, Alves
1988, Ridgely & Tudor 1989, Sigrist 2013, Hilty & de
Juana 2016).

The lack of consensus about the existence of
dichromatism and the lack of comprehensive descrip-
tions of the plumage of adult females in the White-
banded Tanager make sex identification in the field
challenging. Additionally, some features make this
species an excellent model to explore different
aspects that may influence sexual dimorphism in
birds: the White-banded Tanager is a resident and
facultative cooperative breeder that defends a terri-
tory year-round and displays hostile interactions
between birds of different groups (Alves 1990, Alves
& Cavalcanti 1990, Duca & Marini 2014b). Thus, this
species permits to explore the influence of different
aspects in the evolution of sexual dimorphism in
birds, such as breeding and territorial systems.

Here we quantify sexual dimorphism in size and
plumage coloration in the White-banded Tanager
using eight morphometric variables and two aspects
of plumage coloration for individuals sexed geneti-
cally using DNA-based techniques. Based on our
results, we point out some lines of study that can
improve the understanding of the processes involved
in the evolution and maintenance of sexual dimor-
phism in this species.

METHODS

Data collection. White-banded Tanagers were
attracted by playback calls and caught using mist nets
in seven different localities in Brazil: Environmental
Protection Area (APA) Gama and Cabeca de Veado,
Aguas Emendadas Ecological Station, Serra da Canas-
tra National Park, Emas National Park, Chapada dos
Guimardes National Park, Grande Sertdo Veredas
National Park, and Ponte Alta do Tocantins (Figure 1,
Table 1). The Chico Mendes Institute for Conserva-
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Figure 1. Geographical distribution (dashed line) of the White-banded Tanager (Neothraupis fasciata) in the Cerrado region
of Brazil (gray shading) and sampling localities. Species distribution follows BirdLife International & NatureServe (2014), and
Cerrado distribution is according to the Ministério do Meio Ambiente (2006). AGCV: APA Gama and Cabeca de Veado; EEAE:
Aguas Emendadas Ecological Station; PNSC: Serra da Canastra National Park; PNEM: Emas National Park; PNCG: Chapada dos
Guimaraes National Park; PGSV: Grande Sertdo Veredas National Park; and PATO: Ponte Alta do Tocantins.

tion of Biodiversity provided the permits for the field-
work (SISBIO n°® 27682-1), and the methods were
reviewed and authorized by the Comité de Etica da
Universidade de Brasilia (UnBDoc n° 75111/2013). All
captured birds were banded with numbered metal
rings supplied by the National Center for Bird Conser-
vation (CEMAVE) and afterwards released at the cap-
ture sites.

Field work was carried out from March 2012 to
May 2014. Given that the reproductive period of this
tanager starts at the end of dry season and lasts dur-
ing part of the rainy season (Duca & Marini 2011), we
considered birds caught between September and Jan-
uary as sampled during breeding season and those
caught between February and August as sampled
during non-breeding season. We examined skull ossi-
fication patterns as criteria for aging birds (CEMAVE
1994, Roos 2010). To our knowledge, no previous
study described skull ossification timing for tanagers.
Considering that skull ossification in Passeriformes is
a process that takes four to twelve months depending
on the species (Ralph et al. 1993), we assumed that

the complete skull ossification in White-banded Tana-
gers will be reached in this time frame. Thus, White-
banded Tanagers with incomplete skull ossification
represent hatching-year individuals, hereafter imma-
tures, while those with complete ossification were
classified as adults.

A set of eight morphometric variables were taken
from all individuals as described by Baldwin et al.
(1931): total length with feathers (TLF, from the tip of
the bill to the end of the tail), bill length (BL, straight
line from the distal end of the nostril to the tip of the
maxilla), bill width at base (BW, measured at the base
of the exposed culmen), bill height at base (BH, from
the base of exposed culmen to the lower edge of the
ramus of the mandible below), tarsus length (TA,
from the joint between tibia and metatarsus to the
internal base of hallux), tail length (TL, from the distal
base of uropygial gland to tip of central rectrices),
wing length (WL, from the carpal joint to the tip of
the longest primary), and body mass (BM). Measure-
ments were done with a Mitutoyo® digital caliper (+
0.05 mm), except for total length with feathers, which
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Table 1. Sampling localities (Cerrado, Brazil) and sample size of measured White-banded Tanagers (Neothraupis fasciata)
used in the size and plumage sexual dimorphism analyses. Sample localities with asterisk mark were not considered for ana-

lyses of sexual size dimorphism. F: females; M: males.

Sample locality

Coordinates Size Plumage

F M F M

APA Gama and Cabeca de Veado
Aguas Emendadas Ecological Station*
Serra da Canastra National Park*

Emas National Park

Chapada dos Guimardes National Park*
Grande Sertdo Veredas National Park

Ponte Alta do Tocantins

15°56'S, 47°51'W 8 9 8 8
15°33'S, 47°36'W 0 0 4 1
20°20'S, 46°38'W 4 3 4 2

17°55'S, 52°58'W 5 6 2 1
15°24’S, 55°49'W 2 1 5 5
15°18'S, 45°37°'W 9 23 9 22

10°45'S, 47°30'W 9 8 4 5

was done with a ruler (+ 0.5 mm), and body mass
which was taken with a Pesola® dynamometer (preci-
sion 0.5 g). All measurements were made by the
same observer (CALR).

Plumage characterization of immature and adults
was based on general body coloration and black
mask extension. Individuals were assigned to one of
three categories of general body plumage coloration:
dull brownish: yellowish gray underparts, brown
back, lacks evident mask, and does not exhibit black
wing-coverts contrasting with the white wing-bar
(Figure 2A); matte grayish: differs from previous
category mainly by the presence of black wing-
coverts contrasting with the white wing-bar, more
distinctive mask, back and breast more grayish, but
with scattered brown feathers (Figure 2B); and bright
grayish: gray back and breast, white belly and throat,
black wing-coverts contrasting with the white wing-
bar, and evident black mask (Figure 2C). We also
evaluated the extension of the black mask consider-
ing auriculars (ear-coverts) and lores (side of the
head between the front of the eyes and the base
of the bill). Three categories were used: no black
mask (Figure 2A), black mask extending to the
auriculars (Figure 2B), and black mask extending to
the lores (Figure 2C). Although we are aware of the
subjectivity involved to score plumage coloration,
these categories were chosen based on a pilot study
conducted in the field because they allow the
unequivocal categorization of each individual. All in-
dividuals were categorized by the same observer
(CAL).

Molecular sexing. For each individual, a blood sam-
ple of 50-100 uL was obtained from the brachial wing
vein. The blood was drawn from the puncture site
with a sterilized microcapillary tube, and the blood
samples were stored in absolute ethanol at -20 °C.
Total DNA was isolated using proteinase K digestion
followed by phenol-chloroform extraction according
to standard procedure (Bruford et al. 1992). We used
the CHD-based sex identification, a sexing technique
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based on Polymerase Chain Reaction (PCR) using the
P2/P8 primers as described by Griffiths et al. (1998).
The sex was identified based on the analysis of the
number of fragments (one for males and two for
females) observed in 3% agarose gels (Griffiths et al.
1998). Positive and negative controls were used at
each PCR procedure.

Statistical analysis. Sexual size dimorphism was eval-
uated in the four sample localities where ten or more
individuals were sampled: APA Gama and Cabecga de
Veado, Emas National Park, Grande Sertdo Veredas
National Park, and Ponte Alta do Tocantins (see Table
1). To evaluate the influence of the sex, sample local-
ity, age structure, and whether sexual differences
vary with locality (interaction term between sex and
sample locality) on each morphometric variable we
used a generalized linear model (GLM) with a Gauss-
ian distribution (link = identity, test = F). We checked
for under or over-dispersion in the data comparing
the ratio of residual deviance to degrees of freedom
with the given dispersion parameter for each model.
All GLM analysis were carried out in the R environ-
ment (R Core Team 2014). Considering that sample
locality showed significant influence on some mor-
phometric variables (see Results), we tested for dif-
ferences between the sexes of adult individuals in
each sample locality using Student’s t-tests. We
checked for normality and homogeneity of variance
using Shapiro-Wilk and Anderson-Darling tests,
respectively. These revealed that logarithmic trans-
formations were necessary in six comparisons (Table
S1).

To evaluate the level of sexual size dimorphism in
each locality, we first conducted a Principal Compo-
nent Analysis (PCA) to reduce the dimensionality of
the morphometric data of adults using the program
PAST 3.11 (Hammer et al. 2001). Given that the vari-
ables included had two different units (mm and g), we
chose to use a correlation matrix (which normalizes
the variables dividing them by their standard devia-
tions, Hammer et al. (2015)) to run the PCA. For two
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Figure 2. Plumage dimorphism in the White-banded Tanager (Neothraupis fasciata), captured in the Cerrado region of Brazil.
A) Immature with drab brownish plumage and no mask; B) adult females with matte grayish plumage and black mask at the
auriculars; C) adult male individual with bright grayish plumage and black mask extending to the lores; D) adult female with
bright grayish plumage, black mask at the auriculars and dark gray coloration at the lores; and E) adult bright gray male (left)
and bright gray female (right) exposed to the same light conditions.

females that escaped before we could complete the
measurements we used the locality-specific mean
value of total length with feathers for the PCA (one
from APA Gama and Cabega de Veado and one from
Ponte Alta do Tocantins). At Emas National Park, two
morphological variables (bill width and bill height)
were not measured. To test for differences between
the sexes in each locality, we used non-parametric
multivariate one-way Analysis of Similarities (ANO-
SIM) based on Gower distances (Clarke 1993), using
the program PAST 3.11. The R-statistic value describes
the extent of similarity between each pair of groups
in the ANOSIM analysis, with values close to 1 indicat-
ing that the two groups do not overlap and close to 0
indicating that there is no difference between the
groups. Significance was assessed based on 10,000
permutations.

We also performed a Discriminant Analysis to
evaluate the ability of morphometric data to correct
classify adult individuals into each sex using a set of
morphometric variables statistically different on at

least one of the four localities based on t-tests. To
predict group membership, we used the minimal
Mahalanobis distance from each point to each
group’s multivariate mean. The leave-one-out cross
validation using jackknifing procedure was used to
check the efficiency of discriminant analysis in cor-
rectly assigning individuals to a group (male or
female). The Discriminant Analysis was carried out
using the program PAST 3.11.

RESULTS

Based on molecular sexing, the morphometric analy-
sis included 8 immatures (5 males, 3 females) and 69
adults (41 males, 28 females) (Tables 1, S1). Plumage
color was scored for 80 individuals: 9 immatures (5
males, 4 females) and 71 adults (39 males, 32
females) (Tables 1, 2).

Sexual size dimorphism. Across all sites, we found
significant differences between sexes on three mor-
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Table 2. Plumage characterization of the White-banded Tanager in relation to the capture period, age and sex. F: females; M:

males.

Plumage category Breeding Non-breeding
Immature Adult Immature Adult
M F M F M F M F
Dull brownish
No black mask 0 0 0 2 1 4 0 5
Black mask to the auriculars 0 0 0 0 0 0 0 0
Black mask to the lores 0 0 0 0 3 0 3 0
Matte gray
No black mask 0 0 0 0 0 0 0 0
Black mask to the auriculars 0 0 0 3 0 0 0 17
Black mask to the lores 0 0 0 0 0 0 1 0
Bright gray
No black mask 0 0 0 0 0 0 0 0
Black mask to the auriculars 0 0 0 0 0 0 0 5
Black mask to the lores 0 0 3 0 1 0 32 0
Total 0 0 3 5 5 4 36 27

phometric variables: total length with feathers, tail
length, and wing length (Table 3). We observed a sig-
nificant effect of age on total length with feathers
and bill length, in which adults were larger than
immatures. The test of sample locality was statisti-
cally significant for all variables, except for total
length with feathers and bill height. The interaction
between sex and locality was significant for wing
length and body mass (Table 3), indicating that sexual
differences in these morphometric variables vary
with sample locality. Males were on average larger
than females for most morphometric variables in the
four localities (Figure 3, Table S1). Four variables,
total length with feathers (t-test = -3.612, P = 0.003),
tail length (t-test = -2.446, P = 0.027), wing length (t-
test = -4.796, P < 0.001), and body mass (t-test = -
3.340, P = 0.004), showed significant differences
between the sexes in Ponte Alta do Tocantins (Figure
3, Table S1). Wing length was statistically significant
in Grande Sertdo Veredas National Park (t-test = -
3.785, P < 0.001) and Emas National Park (t-test = -
3.528, P < 0.007), and tarsus length was statistically
significant in the latter (t-test = -2.335, P < 0.047)
(Figure 3, Table S1).

The first two principal components summarized
most of the variance in all sample localities. Specifi-
cally, components PC1 and PC2 explained almost 50%
of the variance in Grande Sertdo Veredas National
Park, 60% of the variance in both APA Gama and
Cabeca de Veado and Ponte Alta do Tocantins, and
70% of the variance in Emas National Park (Figure 4).
We observed high to medium levels of morphometric
overlap between the sexes in APA Gama and Cabeca
de Veado and Grande Sertdo Veredas National Park,
and low levels of morphometric overlap in Ponte Alta
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do Tocantins and Emas National Park (Figure 4). The
ANOSIM results showed significant size differences
between sexes only in Ponte Alta do Tocantins (R =
0.382, P = 0.002; Table S1). Discriminant Analysis was
performed for each locality using total length with
feathers, tarsus length, tail length, wing length, and
body mass. The cross-validation showed that 82.4%
of the individuals were correctly assigned to their sex
in Ponte Alta do Tocantins, 80% in Emas National
Park, 77.8% in Grande Sertdo Veredas National Park,
and 66.7% in APA Gama and Cabeca de Veado (Figure
S1, Table S2).

Sexual plumage dimorphism. During the breeding
seasons, we sampled a total of 8 adult individuals. All
males (N = 3) caught during this period showed bright
gray plumage with a black mask to the lores, while
females showed two plumage patterns: dull brown-
ish plumage with no black mask (N = 2) and matte
gray plumage with a black mask extending to the
auriculars (N = 3) (Table 2).

During the non-breeding seasons, we caught
immatures (N = 9) and adults (N = 63) of both sexes.
One immature male showed dull brownish plumage
with no black mask, 3 showed dull brownish plumage
with a black mask to the lores, and 1 showed bright
gray plumage with a black mask to the lores (Table 2).
All immature females (N = 4) showed dull brownish
plumage with no black mask. Among adult males
caught in non-breeding period, most of the individu-
als (N = 32) showed bright gray plumage with a black
mask to the lores, while 3 showed dull brownish
plumage with a black mask to the lores, and only 1
showed matte gray plumage with a black mask to the
lores (Table 2). Among the adult females caught dur-
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Table 3. Influence of the sex, age structure, sample locality, and the interaction between sex and sample locality (Sex : Loca-
lity) on each morphometric variable of the White-banded Tanager. Degrees of freedom (df), deviance, F-value, and Pr (> F)
results of generalized linear model (GLM) are given for each morphometric variable. Asterisks indicate statistical significance
(p <0.05).

Morphometric variable Factor df Deviance F-value Pr (> F)

Total length with feathers  gex 01 399.86 8.82 0.004*
Age 01 232.67 5.13 0.027*
Locality 03 346.31 2.54 0.063
Sex : Locality 03 94.34 0.69 0.559
Residual 66 2993.50

Bill length Sex 01 0.50 1.51 0.225
Age 01 2.08 6.28 0.015*
Locality 02 8.29 12.53 <0.001*
Sex: Locality 02 0.35 0.52 0.595
Residual 59 19.52

Bill width Sex 01 0.25 2.59 0.113
Age 01 0.00 0.00 0.951
Locality 02 1.68 8.82 <0.001*
Sex : Locality 02 0.01 0.07 0.935
Residual 59 5.60

Bill height Sex 01 0.03 0.34 0.559
Age 01 0.23 2.41 0.126
Locality 02 0.48 2.54 0.088
Sex : Locality 02 0.20 1.04 0.360
Residual 59 5.60

Tarsus length Sex 01 0.07 0.04 0.839
Age 01 1.16 0.70 0.407
Locality 03 19.86 3.97 0.011*
Sex : Locality 03 4.39 0.88 0.457
Residual 68 113.48

Tail length Sex 01 81.48 9.20 0.003*
Age 01 27.97 3.16 0.080
Locality 03 259.31 9.76 <0.001*
Sex : Locality 03 50.66 1.91 0.136
Residual 67 593.46

Wing length Sex 01 227.79 57.03 <0.001*
Age 01 11.51 2.88 0.094
Locality 03 279.26 23.30 <0.001*
Sex : Locality 03 58.89 491 0.004*
Residual 68 271.61

Body mass Sex 01 0.324 0.11 0.739
Age 01 0.335 0.12 0.734
Locality 03 59.026 6.81 <0.001*
Sex : Locality 03 32.775 3.78 0.014*
Residual 68 196.35
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Figure 3. Mean and standard error of eight morphometric traits for female and male White-banded Tanagers (Neothraupis
fasciata) captured in four different localities in the Brazilian Cerrado: A) APA Gama and Cabega de Veado; B) Emas National
Park; C) Grande Sertdo Veredas National Park; and D) Ponte Alta do Tocantins. Statistically significant differences between
males and females are indicated by an asterisk. Morphometric variables are: TLF: total length with feathers; BL: bill length,
BW: bill width; BH: bill height, TA: tarsus length, TL: tail length, WL: wing length; and BM: body mass. All units are in mm, ex-

cept for BM in g.

ing this period, we registered 5 with dull brownish
plumage and no black mask, 17 with matte gray
plumage with a black mask in the auriculars, and 5
with bright gray plumage and a black mask in the
auriculars (Table 2).

We did not notice obvious differences in plumage
patterns across sampling localities. Among adult
females, we observed the matte gray plumage in
all sample localities, while the bright gray pattern
was observed in Grande Sertdo Veredas (N = 2), APA
Gama and Cabeca de Veado (N = 2), and Ponte Alta
do Tocantins (N = 1). For adult males, the bright
gray plumage was widespread across the sample
localities.

DISCUSSION

The White-banded Tanager is described by some
authors as monomorphic (Allen 1981, Isler & Isler
1987, Burns 1998), and even the studies that
described this species as dimorphic reported only
slight plumage dimorphism, generally denoted as
females duller or browner than males (Sick 1984,
Alves 1988, Ridgely & Tudor 1989, Sigrist 2013, Duca
& Marini 2014a, Hilty & de Juana 2016). Our results
indicated that sexual dimorphism exists in the White-
banded Tanager in both size and plumage. In relation
to the latter, we found that both males and females
showed matte gray and bright gray plumages, and
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Figure 4. Principal components (PC) 1 and 2 of morphometric variables of male and female White-banded Tanagers (Neo-
thraupis fasciata) captured in four different localities in the Brazilian Cerrado: A) APA Gama and Cabeca de Veado; B) Emas
National Park; C) Grande Sertdo Veredas National Park; and D) Ponte Alta do Tocantins. Males are represented by squares
and females by filled circles. The proportion of the variance (%) explained by each component is given in parenthesis. Loading
scores for PC1 and PC2 are given separately for each sampling locality. TLF: total length with feathers; BL: bill length, BW: bill
width; BH: bill height, TA: tarsus length, TL: tail length, WL: wing length; and BM: body mass.

that the main difference between the sexes is the
extension of the black mask.

Size dimorphism. Although sexual size dimorphism is
not common among tanagers (Isler & Isler 1987), we
found sexual size dimorphism in the White-banded
Tanager. In general, males were larger than females,
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and we found statistically significant differences for
some morphometric variables in three localities.
Allen (1981) had already pointed out the possibility of
size dimorphism in this species considering birds
sampled in Mato Grosso, western Brazil. The size
differences found between sexes were consistent
with previous studies in many bird species that



describe the male as larger than the female (Darwin
1871, Székely et al. 2007, Lislevand et al. 2009). In
particular, a similar pattern was observed in two spe-
cies of the genus Tangara, in which males have lon-
ger wings (T. peruviana, T. preciosa) and tail (T.
preciosa) (Firme et al. 2014). The observed pattern of
larger males may be related with advantages of
dominance in contests of strength and endurance
(Darwin 1871, Andersson & lwasa 1996), and longer
wings can improve flight ability (Rayner 1988, Mgller
& Nielsen 1997, Moreno-Rueda 2003), conferring
advantages during territorial defense and competi-
tion.

The White-banded Tanager showed spatial varia-
tion in the degree of size dimorphism. Population dif-
ferences in body size and size dimorphism may arise
from a balance between different selection pressures,
like sex-specific reproductive roles and responses to
environmental factors (Blondel et al. 2002, Blancken-
horn et al. 2006). For instance, spatial variation in
sexual size dimorphism was also observed in the
House Finch (Carpodacus mexicanus) due to differ-
ences in local selection pressures for sexual dimor-
phism (Badyaev & Hill 2000, Badyaev et al. 2000). In
this context, the geographic variation in the degree of
sexual size dimorphism found for the White-banded
Tanager reinforces the importance of considering the
geographical scale when sexing birds based on size
dimorphism. However, we stress that more samples
are needed to fully determine spatial variation in
sexual size dimorphism in this species.

Plumage dimorphism. According to the literature,
immatures of the White-banded Tanager are much
duller (or browner) than adults and lack both mask
and black-and-white wing pattern (Sick 1984, Alves
1988, Ridgely & Tudor 1989, Sigrist 2013, Hilty & de
Juana 2016). More specifically, according to Alves
(1988) this plumage pattern occurs in individuals less
than six months old; after that, individuals gradually
acquire the dark mask and black-and-white wing pat-
tern. This plumage succession seems to occur in juve-
niles between one month and one year of age (Duca
& Marini 2014a, Hilty & de Juana 2016). We found
that the majority of immatures showed dull brownish
plumage, in agreement with these previous descrip-
tions. However, some individuals classified as adults
(complete ossification) also showed dull brownish
plumage. Among these individuals, only males
showed black mask. They were caught in May (non-
breeding period), and probably were individuals born
during the previous breeding season (ca. six months
old). In contrast, all adult females with dull brownish
plumage had no black mask and were caught during
breeding and non-breeding periods, likely represent-
ing individuals between six months and one year of
age. Thus, these findings suggest that the black mask
appears earlier in males than females, which dis-
agrees with Alves (1988) who suggests that both
sexes begin to acquire the mask at around six months
of age.

SEXUAL DIMORPHISM IN NEOTHRAUPIS FASCIATA

We also found 1 adult male and 20 adult females
with matte gray plumage. This plumage pattern has
been found in individuals described as sub-adults in
the literature (Alves 1988, Duca & Marini 2014a, Hilty
& de Juana 2016) and seems to occur in individuals
between 1 and 2 years of age (Duca & Marini 2014a,
Hilty & de Juana 2016). All these individuals also
showed black mask, but in males it extended to the
lores while in females it was restricted to the auricu-
lars. Considering that we caught similar numbers of
adult males and females, this result may be inter-
preted as males retaining the sub-adult plumage dur-
ing a shorter period than females and acquiring the
full adult plumage (bright gray pattern) faster than
females.

On the other hand, most adult males (90%) and 5
adult females (16%) showed bright gray pattern. Fur-
thermore, in bright gray individuals both sexes pre-
sented the black mask (see Figure 2E), but restricted
to the auriculars in females and extending to the lores
in males. All of these females showed a dark gray col-
oration at the lores. These findings contrast with
some previous descriptions where the plumage of
adult females of the White-banded Tanager is duller
or browner than in adult males (e.g., Sick 1984, Alves
1988, Duca & Marini 2014a), with brown (Alves 1988)
or dark gray mask (Duca & Marini 2014a). Thus, both
general body plumage coloration (matte grayish or
bright grayish patterns) and mask color do not seem
the best way to classify individuals into each sex, as
females may also exhibit bright gray plumage and
black mask. Instead, the extension of the black mask
seems to be a more reliable trait to determine sex in
this species, since a black mask extending to the lores
was observed in all males with full adult plumage and
in some immature males with dull brownish plumage,
but was never observed in females. Hence, we rec-
ommend using the extension of the black mask
instead the color intensity as a main diagnostic char-
acter for sexing White-banded Tanagers.

In relation to plumage dimorphism, Rubenstein &
Lovette (2009) showed that the degree of dimor-
phism is lower in cooperative than in non-cooperative
breeding species, in response to increased intrasexual
competition among females. Moreover, changes in
social status, particularly in the breeding status, may
be signaled by changes in ornaments (e.g., Karubian
2008, Solis et al. 2008). Since the White-banded Tana-
ger is a cooperative breeding species (Alves 1988,
Manica & Marini 2012), we hypothesize that the
increased levels of intrasexual selection in females
might be related to female plumage ornamentation in
this species. In this context, some field observations
during our study may be seen as indicative of possible
links between plumage variation and social status of
adult females. We used playback calls to attract birds
mist-nets, as both males and females defend their
territory (Duca & Marini 2014b) and respond agonisti-
cally to playback calls. At each mist netting site, we
usually captured from two to six individuals, which
seems to correspond to a single territorial group,
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since group size in this species ranges from two to
eight individuals per territory (Alves 1990, Duca &
Marini 2014b). We found that group sex ratio (males :
females) ranged from 0.25 to 0.83 per group (N =11
groups). In each group, we never caught more than
one bright-gray female, and in some cases (N = 3) we
caught both bright and matte gray females in the
same group. In contrast, we often (N = 9) captured
more than one bright gray male per group. Based on
these observations, we suspect that bright gray
females were the breeders in each group while matte
gray females were non-reproductive and act as help-
ers in White-banded Tanager groups.

Future perspectives. Taking into account that the
characterization of sexual dimorphism of a species is
essential to propose and test hypotheses about the
mechanisms responsible for its origin and mainte-
nance, our findings added to the previous descrip-
tions provide a starting point for future work to
understand the evolution of sexual dimorphism in
this species. Geographical variation in selection pres-
sures in this species have yet to be investigated to
better understand which principles or mechanisms
may be driving the spatial variation in sexual size
dimorphism. Considering that large size in males may
evolve due to the advantages of large size in intrasex-
ual competition for breeding territories and mates,
and sex differences in the provision of parental care
(Selander 1972, Clutton-Brock et al. 1977, Shine
1989, Blondel et al. 2002), we can hypothesize that
the larger body size in males of the White-banded
Tanager confers advantages during territorial
defense and /or male-male competition for mating.
Furthermore, considering the geographical variation
of body size, larger body size in White-banded Tana-
ger males could be particularly important in localities
with a high density of territories.

CONCLUSION

Our findings showed that the White-banded Tanager
shows some degree of dimorphism in size and slight
dimorphism in plumage coloration. Males were on
average larger than females, and we found statisti-
cally significant differences for some morphometric
variables in three localities studied. We suggest that
the extension of the black mask (to the lores in males
and restricted to the auricular in females) is the best
trait to sex this species. Finally, the intricate variation
in plumage colorations observed in the White-
banded Tanager provides an interesting study system
to understand the processes involved in the evolu-
tion of sexual dimorphism in cooperative-breeding
bird species.
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