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Abstract Plumage coloration has long been studied as a

sexually selected character. The tawny-bellied seedeater,

Sporophila hypoxantha, is a sexually dichromatic species,

with adult males the more colorful sex and juvenile males

indistinguishable from females. We did choice experiments

to evaluate female preferences for males that differ in age

or plumage coloration. Females were evaluated in three

experiments: (1) choice between males with similar breast

brightness that differed in age, (2) choice between males of

2 years of age that differed in breast brightness, and (3)

choice between males of 3 or more years of age that dif-

fered in breast brightness. We also repeated the latter

experiment with estradiol-treated females. We did not find

a clear female preference for brighter or older males, as

females spent the same proportion of time with males of

similar breast brightness that differed in age or with males

of similar age that differed in breast brightness. Our results

do not support the hypothesis that breast brightness is a cue

used by female tawny-bellied seedeaters at the time of

choosing males. We propose that, in this species, male

plumage coloration might play a role in intrasexual

competition.

Keywords Mate choice � Plumage coloration � Sexual

selection � Sporophila hypoxantha

Introduction

Since Darwin (1871), it is widely accepted that elaborate

ornaments exhibited by males have evolved or are main-

tained as a result of sexual selection. Accordingly, sexual

differences in plumage coloration in birds are thought to

have evolved in response of females preferring more col-

orful males (i.e. intersexual selection; Andersson 1994;

Bradbury and Vehrencamp 1998; Hill 2006; Kigma et al.

2008), or they have evolved to signal the fighting ability of

individuals in male–male competition (i.e. intrasexual

selection; Morimoto et al. 2005; Senar 2006). Female

preferences for mating males with the most elaborate

expression of color or larger color patches has been

experimentally tested in several passerine birds (summa-

rized in Hill 2006; Kigma et al. 2008), while the resolution

of male–male contests using plumage color cues has also

been demonstrated in several studies (summarized in Senar

2006; Morimoto et al. 2005; Quesada and Senar 2007).

Males of most sexually dichromatic passerines acquire the

definitive plumage before the first breeding attempt

(Humphrey and Parkes 1959). However, in some species,

males retain a plumage similar to that of females during the

first year of life or more, a phenomenon referred as delayed

plumage maturation (DMP; Lyon and Montgomerie 1986;

Hawkins et al. 2012). Adaptive hypotheses of DMP are

focused on the benefits of expressing the age and inexpe-

rience of juvenile males, during both the non-reproductive

and reproductive seasons (reviewed in Hawkins et al.

2012). A female-like coloration may increase the proba-

bility that juvenile males can enter adult male territories

and gain access to females (Rohwer et al. 1980). Also,

juvenile appearance may signal social status, decreasing

older male aggression (Lyon and Montgomerie 1986; Senar

2006).
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Avian plumage coloration is produced by feather

microstructure, pigments, or by a combination of both (Fox

1976; Prum et al. 1999), and both types of coloration may

play an important role in female choice or in signaling

fighting abilities (Andersson 1994; Hill 2006; Senar 2006).

Melanin is the most frequent pigment among animals

(McGraw 2006), and there are two forms: pheomelanin and

eumelanin. These pigments absorb most of the wave-

lengths, resulting in dark colors, which are directly pro-

portional to the pigment concentration (Proctor and Lynch

1993; McGraw et al. 2005). Studies on the function of

melanin-based coloration have shown that it may act as

signal of male competitive ability and social dominance

(Senar 1999; Quesada and Senar 2007), and male parental

quality (Roulin et al. 2001; Siefferman and Hill 2003;

Siefferman and Hill 2005), and it is involved in mate

choice (Kigma et al. 2008), by signaling aspects of indi-

vidual quality. It is now accepted that environmental

variables and physiologic condition, such as food avail-

ability (i.e. Griffith et al. 1999) and hormonal condition,

can affect the production of melanin. In this scenario, it

would be interesting to evaluate if male plumage coloration

of tawny-bellied seedeaters, which is an age-dependent

signal, could be used by females as an indicator of male

condition in mate choice or by males to signaling fighting

abilities. If plumage coloration is an indicator of male

condition, males with more colorful plumage will be pre-

ferred by females.

The tawny-bellied seedeater Sporophila hypoxantha is a

socially monogamous species with female-biased biparen-

tal care (Facchinetti et al. 2008) and delayed plumage

maturation, with adult males more colorful than females

and juvenile males (Facchinetti et al. 2011). Males are

mostly brownish above, and have a tawny-rufous rump and

underparts, this color extending to cover the cheeks and ear

coverts, while females are brown above and buffy-brown-

ish below (Ridgely and Tudor 1989). Male crown feathers

are bright gray, while the color of the female crown is

brownish (Ridgely and Tudor 1989). The pigment

responsible for the brown breast coloration is melanin,

while male crown coloration seems to be structurally based

(Facchinetti 2012). Juvenile males look like females to the

human eye, but spectrophotometric analyses reveal differ-

ences between them in the UV and visible regions of the

spectrum (Facchinetti et al. 2011). Juvenile males differ

from adult males in breast and crown color until their

second prealternate molt (i.e. they look different from

adults during their first breeding season).

The aim of this study was to test if females of tawny-

bellied seedeaters prefer males with duller breast colora-

tion. Because male plumage coloration is an age-dependent

signal, we tested female preferences for more colorful

males by controlling for male age. In addition, we also

tested if females show preferences for older or younger

males, by controlling for plumage coloration.

Materials and methods

We mistnetted tawny-bellied seedeaters at Reserva El

Bagual, Formosa Province, Argentina (26�100S, 58�560E),

and then moved the individuals to the Faculty of Exact and

Natural Sciences at the University of Buenos Aires where

we determined their sex genetically (see Facchinetti et al.

2011 for details). Birds were housed in wire cages of

120 9 40 9 40 cm in groups of 11–16 birds per cage.

Adult males, adult females, and juvenile males were

housed in different cages during their stay in captivity, so

there were three groups: females, older males (males that

arrived with adult plumage), and younger males (males that

arrived with juvenile plumage). They were maintained in

an indoor aviary on a natural light:dark cycle at room

temperature, except during winter, when the minimum

temperature was set to 15–18 �C (similar to the tempera-

ture they have in their winter range). Birds from different

cages were visually but not acoustically isolated. They

were provided with a diet of millet and canary seeds,

vitamins, and water ad libitum.

Plumage measurements

We measured plumage reflectance using an Ocean Optics

S2000 spectrometer and a PX-2 pulsed xenon light source

and bifurcated fiberoptic probe (Ocean Optics). We cali-

brated reflectance measures against a white standard of

barium sulphate, following Osorio and Ham (2002), and

against a black standard. We took all measurements per-

pendicular to the body surface using a black plastic tube to

minimize incident ambient light and keep the measurement

distance constant (17.1 ± 0.1 mm). For the analysis, we

used the average of three scans, taken on an arbitrary

location on the breast (three measurements for each indi-

vidual). We took each measurement in a 6-mm-diameter

area and recorded reflectance from 350 to 700 nm in 0.35-

nm steps (wavelengths between 300 and 350 nm showed

considerable noise and the values of reflectance were very

low, therefore we did not include them in the analysis).

Data were obtained via spectral acquisition software

package OOIBASE32 (Ocean Optics). We took dark and

white reference measurements immediately before mea-

suring each individual in order to minimize any error

associated with drift of the light source and sensor. We

summarized reflectance data by estimating breast bright-

ness, calculated as the sum of the reflectance over the

complete wavelength range (350–700 nm).
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Mate choice

Dyads of males

Males were arranged according to their values of breast

brightness and we then selected pairs of males that differed

in breast brightness, keeping the difference approximately

constant between pairs. During the breeding season

2009–2010, we performed three choice experiments. In the

first one, females could choose between a pair of males

with similar breast brightness that differed in age (bright-

ness of older males: 474.8 ± 46.2; brightness of younger

males: 470.6 ± 55.4; t = 0.13, P = 0.71, n = 9 pairs). In

the second experiment, females could choose between a

pair of males of 2 years of age that differed in breast

brightness (brighter males: 573.6 ± 47.3; duller males:

473.4 ± 34.8; t = 5.39, P \ 0.001, n = 10 pairs). In the

third experiment, females could choose between a pair of

males of 3 or more years of age that differed in breast

brightness (brighter males: 521.9 ± 34.8; duller males:

431.5 ± 43.2; t = 3.98, P \ 0.01, n = 6 pairs). In the

breeding season 2010–2011, we repeated the third experi-

ment with estradiol-treated females (brighter males:

1679.5 ± 133.0; duller males: 1228.9 ± 77.8; t = 8.77,

P \ 0.001, n = 8 pairs). The difference in brightness val-

ues between the two breeding seasons (higher values of

brightness in 2010–2011) is because we used two different

spectrometers. However, because we did not compare

measurements between breeding seasons, this did not affect

the analysis of the data. Because of the limited number of

males, we decided to increase the number of pairs in the

previous experimental groups and not include an experi-

mental group in which females could choose between a

pair of males of similar age and brightness.

Mate choice experiments

We conducted female choice experiments in an indoor

room under artificial light conditions. In the room, there

was an experimental arena consisting of three cages, one of

120 9 40 9 40 cm (length 9 width 9 height) for the

female, and two of 30 9 20 9 20 cm for the males

(Fig. 1). The cage of the female had three zones: near male

1 (the female could see male 1 but not male 2), near male 2

(the female could see male 2 but not male 1), and neutral

(the female could not see either male). Males were visually

but not acoustically isolated from each other. In all cages,

there were food and water.

In each experiment, the pair of males was randomly

assigned to the different females. Females were tested once

in each experiment. We did not test females with the same

male in different experiments within or across years, to

avoid females choosing males with which they had previ-

ous experience. Mate choice experiments were conducted

during the morning, between 0700 and 1200 hours. Each

trial lasted 90 min. During the first 30 min, we allowed the

birds to familiarize to the experimental arena. During this

period, the female could hear the males but it could not see

them (we put an opaque board in front of the cage of each

male). Then, we removed the boards and the female could

see both males and choose to stay close to either male or in

the neutral zone (Ballentine and Hill 2003; Siefferman and

Hill 2006; Fig. 1).

In the experiment with estradiol-treated females, 8 birds

received a daily oral dose of 1 lg 9 g-1 of body mass of

b-estradiol (Sigma Chemical) dissolved in a solution of

99 % water and 1 % alcohol. Each female received this

treatment during 1 week previous to the start of the choice

experiment to reduce the possibility that females were not

receptive to the stimulus animals. Estradiol enhances the

reproductive and productive functions in several species of

songbirds; for example, increasing responsiveness to

playbacks (O’Loghlen and Rothstein 2003; von Engelhardt

et al. 2004; Elnagar and Abd-Elhady 2009).

Data analysis

The experiments were video-recorded and later analyzed

using Etholog 2.2 program (Ottoni 2000). We started to

record the time spent at the different zones after the female

had observed both males. Those trials in which the female

did not see both males were excluded (6 of 33). We

compared the percentage of time spent in each male’s zone

using Wilcoxon tests. We performed statistical analyses

Fig. 1 The cages used in the

choice experiments using

tawny-bellied seedeaters

Sporophila hypoxantha. The

cage of the female had three

zones: male 1, male 2, and

neutral, delimitated by opaque

partitions (indicated by solid
lines). In the three zones, there

were perches (pointed lines),

food, and water
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with Statistica v.8.0 (Statsoft 2009) and G*Power v.3.1

(Faul et al. 2007). All P values were two-tailed with alpha

(a) set at 0.05. The n values refer to pairs of males and the

1-b values to the statistical power.

Results

We first evaluated whether females had any side prefer-

ence. In all cases, we did not find significant differences

between the percentage of time spent at the left and right

sides of the cage (experiment 1: z = 1.18, P = 0.23,

n = 7; experiment 2: z = 0.42, P = 0.67, n = 8; experi-

ment 3: z = 0.94, P = 0.34, n = 5; and experiment 4 with

estradiol: z = 0.84, P = 0.4, n = 8).

In all the experiments, females spent more time in the

males’ zones than in the neutral zone (choice between same

brightness males that differed in age: z = 2.36, P \ 0.01,

n = 7, Fig. 2a; choice between males of 2 years that dif-

fered in brightness: z = 2.38, P \ 0.01, n = 8, Fig. 2c;

choice between males of 3 or more years that differed in

brightness: z [ 2.02, P \ 0.04, n = 5, Fig. 2e; and choice

by estradiol treated females between males of 3 or more

years that differed in brightness: z = 2.52, P \ 0.01,

n = 7, Fig. 2g).

Considering the time that females spent in the males’

zones, we did not find significant differences in the per-

centage of time that females spent with males that differed

in age but not in breast brightness (z = 0.84, P = 0.39,

1-b = 0.89, n = 7; Fig. 2b), or with males that differed

in breast brightness but not in age (z = 0.84, P = 0.4,

1-b = 0.97, n = 8 for males of 2 years of age; Fig. 2d;

and z = 0.21, P = 0.68, 1-b = 0.16, n = 5 for males of 3

or more years of age; Fig. 2f). Similarly, when we repeated

the experiment of choice between males of 3 or more years

that differed in brightness, but using females hormonally

treated with estradiol during 1 week, we did not observe

differences in the percentage of time females spent with

males that differed in breast brightness (z = 0.21,

P = 0.83, 1-b = 0.9, n = 8; Fig. 2h). We re-analyzed the

data of the four experiments by measuring the first male

with which the female spent a bout longer than 30 s, and

the preferences of the female during the first 10 min of the

trial, and in both cases we did not find evidence of female

preferences for older (experiment 1) or brighter (experi-

ments 2–4) males.

Discussion

We did not find a pattern of preference for brighter or older

males, as females spent the same proportion of time with

males of similar breast brightness that differed in age or

with males of similar age that differed in breast brightness.

Negative results in a mate choice experiments can be

interpreted as an evidence of lack of female preferences for

the specific analyzed character only if the tested individuals

Fig. 2 Box plots indicate the percentage of time spent by females of

tawny-bellied seedeaters Sporophila hypoxantha in the choice

experiments (median, lower and upper quartiles, and smallest and

largest values). Numbers on the left indicate the percentage of time

spent by females in the males’ zones (zone male 1 ? zone male 2)

and in the neutral zone, while numbers on the right indicate the

percentage of time spent by females in the zones of each male. a,

b The choice between males differing in age but not in breast

coloration, c, d the choice between males of 2 years differing in

breast brightness, e, f the choice between males of 3 or more years

differing in breast brightness, and h, g the choice between males of

3 or more years differing in breast brightness by females hormonally

treated with estradiol
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are receptive to the stimulus animals (Liu et al. 2007). To

eliminate the later possibility, we hormonally treated

females with estradiol and the results remained unchanged.

In addition we also analyzed if there was a preference for

the first male with which the female spent at least 30 s, and

the preference of females during the first 10 min of the

trial, and again, we did not find a pattern of preference for

brighter males. Therefore, we did not find support for the

hypothesis that male, breast brightness is a cue used by

female tawny-bellied seedeaters at the time of choosing

males. The statistical power for most tests was high

(1-b[ 0.8), except for one test (1-b = 0.16). These

results should be reconfirmed by increasing the sample size

or by conducting experiments in the field, where we can

evaluate, for example, if there is a correlation between

male coloration and the start of the breeding season or male

reproductive success (i.e. Kigma et al. 2008).

An alternative explanation for the sexual dichromatism

of tawny-bellied seedeaters would be that male plumage

coloration plays a role in intrasexual competition. In many

species, plumage coloration is an indicator of male social

dominance and is involved in male–male competition (Se-

nar 1999; Morimoto et al. 2005; Senar 2006). For example,

melanin coloration in the great tit, Parus major, is associ-

ated with male aggression, including dominance and nest

defense (Quesada and Senar 2007). The tawny-bellied

seedeater shows delayed plumage maturation, with juvenile

males looking different from adult males until their second

breeding season (Facchinetti et al. 2011). The status sig-

naling hypothesis (Lyon and Montgomerie 1986) is focused

on the benefits that juveniles could obtain by showing their

inexperience in male–male interaction (i.e. Morimoto et al.

2005; Mitrus 2007). Considering tawny-bellied seedeater

biology, with males very territorial during the breeding

season (A.G. Di Giacomo, personal communication;

Benites 2012), the high frequency of extra-pair copulations

(Facchinetti 2012), and the association with other conspe-

cifics during the non-breeding season (Di Giacomo 2005),

the occurrence of delayed plumage maturation in this spe-

cies may act as a signal to avoid aggression from older

males, during the reproductive as well as the non-repro-

ductive seasons. Therefore, it would be important to eval-

uate if male coloration in tawny-bellied seedeaters is also

involved in competition among adult males.

In addition, tawny-bellied seedeaters are socially

monogamous and males defend their territories from con-

specific intruders (A.G. Di Giacomo, personal communi-

cation; Benites 2012). In this scenario, good-quality

individuals are also likely to have good-quality territories,

and discrimination between female choice over territories

or males becomes difficult (Griffith and Pryke 2006).

Therefore, it is possible that females do not chose males

based on plumage coloration but on territory quality that is

associated with male coloration (Alatalo et al. 1986). In

this case, females may not exhibit a preference for male

coloration in a mate choice experiment (Griffith and Pryke

2006). Alatalo et al. (1986) found that females simply

selected the best territory, irrespective of the quality of the

male defending that territory. It would be interesting to

evaluate whether, in tawny-bellied seedeaters, male col-

oration is correlated with the quality of the territory and if

females choose males indirectly by choosing territories.
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