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Abstract
We document median-crown stripe variation in two dichromatic neotropical cardinalid species, the red-crowned ant-tanager 
Habia rubica and the red-throated ant-tanager Driophlox fuscicauda. While definitive (adult) males always have a red median-
crown stripe and juveniles lack stripes, definitive females and formative birds (those after molting the juvenile plumage) of 
both sexes exhibit up to three variants: no stripe, intermediate dull-yellow stripe, and full bright-yellow stripe. Among these 
age/sex groups, occurrence of full stripe was highest in definitive female red-crowned ant-tanagers, followed by formative 
males of both species. By contrast, the median-crown stripe occurs at low frequencies in definitive female and formative 
red-throated ant-tanagers. We propose that this phenotypic plasticity in degree of the median-crown stripe may have evolved 
as an adaptation to the complex social systems of these two species, likely facilitating the formation of heterogeneous ter-
ritorial groups and increasing winter survival and extra-pair fertilizations.
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Introduction

Bird plumage varies among individuals of the same spe-
cies, often between sexes (Gray 1996; Price and Birch 1996). 
This variation typically manifests through overall coloration 
and/or pattern design and is known to have fitness conse-
quences, resulting in part from the species’ social system 
(Møller 1987; Amundsen et al. 1997; Galeotti et al. 2003). 
For example, in the great tit Parus major, plumage bright-
ness associates with male parental abilities, in the Eurasian 
siskin Spinus spinus, black bib associates with dominance 
in males, and in the common waxbill Estrilda astrild, regu-
larity of barred plumage associates with individual quality 
(Senar et al. 1993; Senar et al. 2002; Marques et al. 2016). 
Moreover, variation of plumage traits may facilitate diversi-
fication of life strategies within a species (Lank et al. 1995; 

Gross 1996), and it also can vary throughout the lifetime of 
the individual, typically transitioning the most between early 
and adult life (Rohwer 1986; Londoño et al. 2022). Plumage 
maturation has important implications for the social life of 
birds (Lyon and Montgomerie 1986; Hawkins et al. 2012), 
and in some species it may take several years to attain the 
definitive plumage, even in passerines (Doucet et al. 2007).

Many passerine species exhibit head marks, such as fore-
head patches (Järvistö et al. 2013) or crown stripes (Rohwer 
and Rohwer 1978), which largely carry out signaling func-
tions. In the Americas, crown stripes are frequently found 
in Tyrannidae, Regulidae, Passerellidae, and Parulidae 
although they are largely absent in most families. Among 
51 species of the family Cardinalidae, only the ant-tanagers 
have crown-stripes. The red-throated ant-tanager Driophlox 
fuscicauda was traditionally classified in the genus Habia 
with the red-crowned ant-tanager H. rubica, but was recently 
split to account for the paraphyletic relationships among ant-
tanagers (Scott et al. 2024).

The red-crowned and red-throated ant-tanagers are highly 
polytypic and have wide geographic ranges: the red-crowned 
has 17 subspecies occurring from Mexico to Argentina while 
the red-throated has six subspecies occurring from Mexico 
to northern Colombia. Both species have similar size and 
appearance, are sexually dichromatic, and present delayed 
plumage maturation (Howell and Webb 1995; Hilty 2020; 
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Chiver et al. 2024). Their natural histories are also similar, 
as they maintain territories year-round, either in pairs or in 
groups of up to eight individuals, with frequent changes of 
association among individuals and individual reversions of 
territorial tactics (Willis 1960a, 1960b; Chiver et al. 2024). 
They have complex social lives, and a poorly understood 
mating system defined as social monogamy (Chiver et al. 
2024), with the occasional presence of reproductive help-
ers, usually unrelated to the breeding pair in red-crowned 
ant-tanagers (Sandoval 2007; Chiver et  al. 2024). This 
social flexibility is associated with broad patterns of pheno-
typic expression among individuals (i.e., wide variation of 
morphological aspect) and reversibility of social strategies 
within the individual (Schradin 2013).

The median-crown stripe of both species is reported to 
be absent in juveniles and present in the definitive (adult) 
plumage, which is red in males and yellowish brown in 
females (Hilty 2020; Chiver et al. 2024). During examina-
tion of museum specimens and images among the Macaulay 
Library to study the molt of Cardinalidae species (Guallar 
et al. 2018, 2020), we verified that a median-crown stripe 
occurs in definitive males of all subspecies of these two 
ant-tanagers but that the definitive and formative (plumage 
resulting from the molt of the juvenile plumage; Howell 
et al. 2003) plumages of females and the formative plum-
age of males (which is yellowish brown) exhibited a great 
deal of median-crown stripe variation in both species, from 
lack of stripe to full bright yellow stripe. Our goal was to 

estimate the frequency of occurrence of the median-crown 
stripe per sex and age in definitive females and formative 
birds of both sexes and investigate how sex and age correlate 
to median-crown development. Since variation in the occur-
rence and development of the median-crown stripe may be 
relevant to understanding the complex social life, behavior, 
and natural history of these two neotropical passerine spe-
cies, we discuss its potential role using theories of delayed 
plumage maturation.

Methods

We gathered data from 172 specimens (82 of red-crowned 
and 103 of red-throated ant-tanagers) from Mexico, 12 from 
Central America, and two from Peru (see Supplementary 
Material Table S1). Since median-crown stripe develop-
ment only varies in the formative plumage of both sexes 
and the definitive females (thus, in three age/sex groups), 
we discarded data from juveniles and definitive males from 
analyses. We eventually analyzed 39 red-crowned and 67 
red-throated ant-tanagers.

Median-crown stripe showed ample variation, which we 
categorized as three obvious variants based on its devel-
opment (Fig. 1): 0 = no stripe, 1 = intermediate stripe (ill-
defined patch with only a mustard wash at base of crown 
feathers), and 2 = full stripe (well-defined patch with bright 
yellow crown feathers forming a wide central stripe). We 

Fig. 1  Development of median-
crown stripe in the red-crowned 
ant-anager (specimens from 
Colección Nacional de Aves, 
Mexico DF). Top to bottom: 
P0024439 (intermediate; 
formative female) P009781 
(full stripe; definitive female) 
P0024437 (no stripe; forma-
tive female) 29270 (definitive 
male). Also, notice differences 
in overall coloration
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determined the age of every specimen using molt limits 
(Guallar et al. 2018) and sex based on that of the specimen 
labels (when available).

We estimated the effect of sex and age on the frequency 
of median-crown stripe variants fitting the following mul-
tinomial regression model for each species, which applies 
a Bayesian framework using WinBUGS (Supplementary 
Material; Imperial College and Medical Research Council 
1996–2007; Ntzoufras 2009):

The multinomial distribution is an adequate approach to 
model random categorical variables with more than two pos-
sible outcomes, such as the three median-crown stripe vari-
ants defined. We specified low informative priors for β to 
account for the lack of previous knowledge (Rubin et al. 
2013), ran 40,000 updates for three Markov chains, dis-
carded the first 5,000 ones as burn-in, and thinned the out-
come to 1 of each 10 updates to reduce autocorrelation 
(Meyn and Tweedie 2009). We monitored the Gelman-Rubin 
statistic to check model convergence (Gelman and Rubin 
1992). Finally, we computed the mean occurrence, lower and 
upper credible intervals (2.5% and 97.5%) from the 3.500 
final predicted values  

(

updates − burn in

thinning

)

  for each median-
crown stripe variant per age/sex group.

Given the large geographic ranges of these two ant-
tanagers and the large subspecies variation they have, we 
regressed latitude on median-crown stripe to check whether 
there is any latitudinal trend per age/sex group within each 
species.

Results

Although quantification of the overall plumage coloration 
among formative birds is beyond the scope of this article, 
it varied in both sexes from yellowish brown (dominant) to 
reddish (infrequent), with no obvious pattern of association 
with the median-crown stripe variant (Fig. 1).

Median-crown stripe occurrence was highly probable 
in red-crowned ant-tanagers: it occurred in all definitive 
females, 93% formative males, and 32% formative females. 
Contrastingly, median-crown stripe had a low probability 
of occurrence in red-throated ant-tanagers: only occurred 
in 7% of definitive females and 15% formative males pre-
sented any, whereas it was absent in formative females 

yi ∼ Multinomial
(

pi, 1
)

�i ∼ � + �1 ∗ agei + �2 ∗ sexi

pi ∼

exp
(

�i
)

sum
(

exp
(

�i
))

(Fig. 2). Median-crown stripe development increased with 
age and was reduced for formative females as compared with 
males (Fig. 2; Table 1). Formative males showed higher 
mean development than formative females in both species 
although differences were only significant for red-crowned 
ant-tanagers (Wilcoxon test: W = 10, P = 0.009). Conversely, 
definitive females had higher mean development than form-
ative males in the red-crowed ant-tanager (Wilcoxon test: 
W = 135, P = 0.025), whereas definitive females had lower 
mean development than formative males in the red-throated 
ant-tanager (Wilcoxon test: W = 205, P = 0.491).

There were also significant differences in the frequency 
of median-crown stripe variants among the three subspe-
cies of the red-throated ant-tanager although only for forma-
tive males (Chi- square test: � 2

4
 = 12, P = 0.017; Table 2). 

A Bonferroni posthoc test indicated that differences were 
driven by the frequency of no-stripe among subspecies for 
this plumage (P = 0.005; Beasley and Schumacker 1995). 
This is consistent with the latitudinal trend we found among 
formative male red-throated ant-tanagers ( � = −5.21 ± 1.02, 
P < 0.001; Fig. 3), since only the southern subspecies fus-
cicauda has median-crown stripe (at least among the three 
subspecies in our dataset; Table 2). However, these results 
should be taken with caution due to the small sample sizes.

Discussion

Our results are consistent with the classical age/sex bias of 
hierarchical dominance in temperate passerines, with males 
showing more striking plumage than females and the defini-
tive plumage brighter than the formative plumages within 
each sex (Piper 1997). Variation of the median-crowned 
stripe in ant-tanagers may be mediated by environmental 
drivers, geographic distribution, diet, and even social envi-
ronment (Laucht and Dale 2012; Ramírez-Barrera et al. 
2019; Robles-Bello et al. 2022; Delhey et al. 2023). In fact, 
the latitudinal bias found among subspecies of the red-
throated ant-tanager suggests that the occurrence and func-
tion of the median-crown stripe may differ between its sub-
species. This is a limitation of this study implying that our 
results may not be generalizable to the subspecies of which 
we do not have information (10 of the red-crowned ant-
tanager and three of the red-throated ant-tanager; Table 2).

Red-crowned ant-tanagers exhibit a remarkable varia-
bility within age/sex group (except juveniles and definitive 
males), suggesting that median-crown stripe likely plays a 
more complex role in this species than in the red-throated 
ant-tanager. Plasticity of definitive female and formative 
plumages in ant-tanagers may have evolved in parallel to 
their heterogeneous social environments (Tuttle 2003). 
The median-crown stripe could act as a signal amplifier 
of the overall coloration or be a stand-alone badge (Hasson 
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1991; Senar et al. 1993), with the potential of behaviorally 
adjusting its conspicuousness (i.e., displaying or hiding it 
by raising or lowering crown feathers, respectively) and 
of shifting roles with time (Laczi et al. 2023). Interaction 
with overall coloration is particularly interesting due to 
the occurrence of delayed plumage maturation in these 
ant-tanagers (a trait likely found in dichromatic and coop-
erative breeding species; Beauchamp 2003). Three main 
hypotheses have been proposed to explain its occurrence: 
crypsis to reduce predation (Rohwer 1986; Rohwer and 
Butcher 1988), female mimicry to access resources inside 
other adult male territories (which can be considered a 
form of dishonest signaling; Brown and Brown 1988), 
and status signaling to reduce aggression from dominant 

individuals (Lyon and Montgomerie 1986; Montgomerie 
and Lyon 1986).

Transition from the juvenile to the formative plumage 
in both sexes is highly consistent with the crypsis hypoth-
esis in red-throated ant-tanagers because it largely remains 
unchanged. It is also consistent in both species with the 
female-mimicry hypothesis because the plumage becomes 
more similar to the definitive female plumage. During the 
non-breeding season, less-conspicuous median-crown 
stripes could help formative birds join already established 
territories (Willis 1960a, 1960b; Chiver et al. 2024), thus 
increasing winter survival (Berggren et al. 2004). During 
the breeding season, furthermore, formative males may 
reduce aggression from territorial definitive males (Senar 

Fig. 2  Probability of occurrence 
of three median-crown stripe 
variants for three plumages of 
red-crowned (nDF =34 nFF = 
20 nFM = 13) and red-throated 
ant-tanagers (nDF = 22 nFF = 8 
nFM = 9). Wide credible inter-
vals associated with low sample 
sizes

Table 1  Summary of the estimates (mean ± sd [2.5%, 97.5% confidence intervals]) obtained from the multinomial bayesian analysis using defini-
tive females and formative birds (juveniles and definitive males were excluded). Coefficients for the ‘no-stripe’ category were used as baseline

Red-crowned ant-tanagers (n = 42) Red-throated ant-tanagers (n = 67)

interceptfull−stripe 19.97 ± 10.95 [3.84, 42.77] −2.05 ± 1.88 [−5.66, 1.15]
interceptintermediate 15.44 ± 11.02 [−1.32, 38.26] −30.03 ± 18.29 [−72.68, −4.7]
sex. full−stripe −27.88 ± 12.64 [−57.16, −9.60] −19.19 ± 15.86 [−59.65, −1.00]
sex. intermediate −9.05 ± 5.49 [−20.45, −0.72] −5.66 ± 16.52 [−43.10, 22.81]
age. full−stripe 18.94 ± 12.03 [3.79, 50.06] 18.74 ± 15.87 [0.25, 59.07]
age. intermediate 2.09 ± 1.59 [−0.73, 5.56] 19.16 ± 14.07 [0.61, 53.67]
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et al. 1993), likely increasing their chances of benefitting 
from extra-pair copulations (Chiver et al. 2024), as pre-
dicted by the female-mimicry hypothesis. However, the 
formative plumages in males of both species largely lack 
the predicted transition toward more definitive male plum-
age that would reflect differences in fighting ability and 
dominance rank (Table 3). The latter transition is lacking 
even in those individuals that undergo a prealternate molt 

(limited to a small percentage of the body feathers; Gual-
lar et al. 2016; 2020). Therefore, the striking differences 
in the frequency of occurrence of the median-crown stripe 
in the formative plumage of ant-tanagers, especially in 
males, could combine camouflage and social interaction. 
The more pronounced variation of median-crown stripe 
in the red-crowned ant-tanager suggests a greater diver-
sification of social strategies (e.g., reproductive helpers, 

Fig. 3  Latitudinal trend in 
median-crown stripe devel-
opment (0= no stripe, 1= 
intermediate, and 2= full stripe) 
per age/sex group in the red-
crowned and the red-throated 
ant-tanagers. Sample sizes are 
small (see Table 2)

Table 2  Number of specimens per subspecies and plumage used 
in the analyses (n = 106). Two specimens from Mexico lacked geo-
graphic information. Our dataset only contains definitive males of 
Habia rubica nelsoni, which therefore were excluded from analyses 

(supplementary material table S1). Each cell contains the number of 
specimens assigned to the three median-crown stripe variants ordered 
by development: no stripe, intermediate, and full stripe

Formative female Formative male Definitive female

Habia rubica
affinis 1,1,0 0,0,2 0,1,9
alfaroana 0,0,2
holobrunnea 0,1,0 0,1,2 0,0,2
peruviana 0,1,0 0,0,1
rosea 2,0,0 0,0,2
rubicoides 2,1,0 0,0,1 0,1,4
Driophlox fuscicauda
fuscicauda 3,0,0 0,1,1 3,0,0
insularis 5,0,0 3,0,0 3,1,0
salvini 11,0,0 7,0,0 25,2,0
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territory defenders during winter, male intruders) in this 
species than in the red-throated ant-tanager.

Further studies are needed to infer the role of the median-
crown stripe of ant-tanagers. The large variation across ant-
tanagers (from an ill-defined patch in the black-cheeked ant-
tanager Driophlox atrimaxillaris to a crest in the crested 
ant-tanager Driophlox cristata) suggests a diversification 
of roles. Also, experiments should be designed to elucidate 
how median-crown stripe variants fit in each species’ social 
system (Chaine et al. 2018), and how they interact with 
overall coloration and with other plumage traits (e.g., the 
throat patch of the red-throated ant-tanager likely conveys a 
different information since it is lacking in other plumages; 
Boves et al. 2014). Although many other passerines show 
mark variants in formative and definitive female plumages, 
including species as diverse as bluethroat Luscinia svecica 
(Amundsen et al. 1997) and crescent-chested warbler Ore-
othlypis superciliosa (Guallar et al. 2009), the complex natu-
ral histories of ant-tanagers make them an interesting model 
for behavioral studies of passerine social systems.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s43388- 024- 00223-y.

Acknowledgements We are grateful to Dr. Adolfo Navarro and to 
MSc. Fany Rebón for allowing access to the specimen collection at 
Museo de Zoología Alfonso Herrera; We thank Carla Cicero at the 
Museum of Vertebrate Zoology, Berkeley, California, and Maureen 
Flannery of the California Academy of Sciences, San Francisco, Cali-
fornia, for assistance and access to specimen collections. We are grate-
ful to Dra. Patricia Escalante and MSc. Marco Gurrola of the Colección 
Nacional de Aves in Mexico City. We are also thankful to two anony-
mous reviewers and the editor for their comments.

Author contributions S.G. conceived the study analyzed the data and 
wrote the first manuscript. All authors collected data, commented on 

previous versions of the manuscript, and read and approved the final 
manuscript.

Funding We do not have any funds to declare.

Data availability The data that support the findings of this study have 
been included as Supplementary Material Table S1.

Declarations 

Ethical approval Data were obtained under authorization from natural 
reserves and museums.

Competing interests The authors declare no competing interests.

References

Amundsen T, Forsgren E, Hansen LTT (1997) On the function of 
female ornaments: male bluethroats prefer colourful females. Proc 
R Soc Lond B 264:1579–1586. https:// doi. org/ 10. 1098/ rspb. 1997. 
0220

Beasley TM, Schumacker RE (1995) Multiple regression approach to 
analyzing contingency tables: post hoc and planned comparison 
procedures. J Exp Educ 64:79–93. https:// doi. org/ 10. 1080/ 00220 
973. 1995. 99437 97

Beauchamp G (2003) Delayed maturation in birds in relation to social 
foraging and breeding competition. Evol Ecol Res 5:589–596

Berggren Å, Armstrong D, Lewis R (2004) Delayed plumage matura-
tion increases overwinter survival in North Island robins. Proc R 
Soc Lond B 271:2123–2130. https:// doi. org/ 10. 1098/ rspb. 2004. 
2846

Boves TJ, Buehler DA, Wood PB, Rodewald AD, Larkin JL, Keyser 
PD, Wigley TB (2014) Multiple plumage traits convey informa-
tion about age and within-age-class qualities of a canopy-dwelling 
songbird, the Cerulean Warbler. Auk 131:20–31. https:// doi. org/ 
10. 1642/ AUK- 13- 191.1

Brown MB, Brown CR (1988) Access to winter food resources by 
bright- versus dull-colored House finches. Condor 90:729–731. 
https:// doi. org/ 10. 2307/ 13683 70

Chaine AS, Daizaburo S, Block TA, Zhang L, Lyon BE (2018) Manip-
ulating badges of status only fools strangers. Ecol Lett 21:1477–
1485. https:// doi. org/ 10. 1111/ ele. 13128

Chiver I, Morton ES, van Dort J (2024) Red-throated Ant-Tanager 
(Driophlox fuscicauda), version 1.0. In: Keeney BK, Schulenber 
TS (eds) Birds of the World. Cornell Lab of Ornithology, Ithaca, 
NY, USA. https:// doi. org/ 10. 2173/ bow. rtata n1. 01

Delhey K, Valcu M, Dale J, Kempenaers B (2023) The evolution of 
carotenoid-based plumage colours in passerine birds. J Anim Biol 
92:66–77. https:// doi. org/ 10. 1111/ 1365- 2656. 13791

Doucet SM, McDonald DB, Foster MS, Clay RP (2007) Plumage 
development and molt in long-tailed manakins (Chiroxiphia lin-
earis): variation according to sex and age. Auk 124:29–43. https:// 
doi. org/ 10. 1093/ auk/ 124.1. 29

Galeotti P, Rubolini D, Dunn PO, Fasola M (2003) Colour polymor-
phism in birds: causes and functions. J Evol Biol 16:635–646. 
https:// doi. org/ 10. 1046/j. 1420- 9101. 2003. 00569.x

Gelman A, Rubin DB (1992) Inference from iterative simulation using 
multiple sequences. Stat Sci 7:457–511. https:// doi. org/ 10. 1214/ 
ss/ 11770 11136

Gray DA (1996) Carotenoids and sexual dichromatism in north Ameri-
can passerine birds. Amer Nat 148:453–480. https:// doi. org/ 10. 
1086/ 285935

Table 3  Transition from juvenile to formative plumage in red-
crowned (RC) and red-throated (RT) ant-tanagers and consistency 
with three hypotheses of delayed plumage maturation. Support varies 
between males (M) and females (F) and among median-crown stripe 
variants

Hypothesis Transition predicted Consistency

crypsis no transition RC: only 
no-stripe 
variant

RT: yes (all 
F and more 
than 75% 
M)

female mimicry to definitive F RC: yes 
(M); only 
intermediate 
variant (F)

RT: yes
status signaling to definitive M RC: no

RT: no

https://doi.org/10.1007/s43388-024-00223-y
https://doi.org/10.1098/rspb.1997.0220
https://doi.org/10.1098/rspb.1997.0220
https://doi.org/10.1080/00220973.1995.9943797
https://doi.org/10.1080/00220973.1995.9943797
https://doi.org/10.1098/rspb.2004.2846
https://doi.org/10.1098/rspb.2004.2846
https://doi.org/10.1642/AUK-13-191.1
https://doi.org/10.1642/AUK-13-191.1
https://doi.org/10.2307/1368370
https://doi.org/10.1111/ele.13128
https://doi.org/10.2173/bow.rtatan1.01
https://doi.org/10.1111/1365-2656.13791
https://doi.org/10.1093/auk/124.1.29
https://doi.org/10.1093/auk/124.1.29
https://doi.org/10.1046/j.1420-9101.2003.00569.x
https://doi.org/10.1214/ss/1177011136
https://doi.org/10.1214/ss/1177011136
https://doi.org/10.1086/285935
https://doi.org/10.1086/285935


Ornithology Research           (2025) 33:18  Page 7 of 7    18 

Gross MR (1996) Alternative reproductive strategies and tactics: diversity 
within sexes. Trends Ecol Evol 11:92–98. https:// doi. org/ 10. 1016/ 
0169- 5347(96) 81050-0

Guallar S, Ruiz-Sánchez A, Rueda-Hernández R, Pyle P (2016) Molt 
strategies of ten neotropical forest passerine species. Wilson J Orni-
thol 128:543–555. https:// doi. org/ 10. 1676/ 1559- 4491- 128.3. 543

Guallar S, Rueda-Hernández R, Pyle P (2020) Preformative molt in Neo-
tropical Cardinalidae. Ornithol Res 28:250–257. https:// doi. org/ 10. 
1007/ s43388- 020- 00024-z

Guallar S, Ruiz-Sánchez A, Rueda-Hernández R, Pyle P (2018) Preform-
ative wing molt in 23 neotropical resident passerine species. Orn 
Neotropical 29:S3–S10. https:// doi. org/ 10. 58843/ ornneo. v29i2. 186

Guallar S, Santana E, Contreras S, Verdugo H, Gallés A (2009) Paseri-
formes Del Occidente De México: morfometría, datación y sexado. 
Museu de Ciències Naturals de Barcelona, Barcelona. https:// doi. 
org/ 10. 13140/2. 1. 2516. 3208

Hasson O (1991) Sexual displays as amplifiers: practical examples with 
an emphasis on feather decorations. Behav Ecol 2:189–197. https:// 
doi. org/ 10. 1093/ beheco/ 2.3. 189

Hawkins GL, Hill GE, Mercadante A (2012) Delayed plumage maturation 
and delayed reproductive investment in birds. Biol Rev 87:257–274. 
https:// doi. org/ 10. 1111/j. 1469- 185X. 2011. 00193.x

Hilty S (2020) Red-crowned Ant-Tanager (Habia rubica), version 1.0. 
In: del Hoyo J, Elliiott A, Sargatal J, Christie DA, de Juana E (eds) 
Birds of the World. Cornell Lab of Ornithology, Ithaca, NY, USA. 
https:// doi. org/ 10. 2173/ bow. rcata n1. 01

Howell SNG, Webb S (1995) A guide to the birds of Mexico and North-
ern Central America. Oxford University Press, Oxford

Howell SNG, Corben C, Pyle P, Rogers DI (2003) The first basic prob-
lem: a review of molt and plumage homologies. Condor 105:635–
653. https:// doi. org/ 10. 1093/ condor/ 105.4. 635

Imperial College and Medical Research Council (1996) –2007) Win-
BUGS with DoodleBUGS Version 1.4.3. https:// www. mrc- bsu. cam. 
ac. uk/ softw are/ bugs- proje ct. Accessed 10 Jan 2024

Järvistö PE, Laaksonen T, Calhim S (2013) Forehead patch size predicts 
the outcome of male-male competition in the Pied Flycatcher. Ethol-
ogy 119:662–670. https:// doi. org/ 10. 1111/ eth. 12107

Laczi M, Herczeg G, Szabó G, Gyarmathy H, Sarkadi F, Török J, Hegyi 
G (2023) The great tit abdominal stripe contains a sexually dichro-
matic colour patch hidden from the human eye. Front Ecol Evol 
11:1263974. https:// doi. org/ 10. 3389/ fevo. 2023. 12639 74

Lank DB, Smith CM, Hanotte O, Burke T, Cooke F (1995) Genetic pol-
ymorphism for alternative mating behaviour in lekking male ruff 
Philomachus pugnax. Nature 378:59–62. https:// doi. org/ 10. 1038/ 
37805 9a0

Laucht S, Dale J (2012) Development of badges of status in captive male 
House sparrows (Passer domesticus) in relation to the relative orna-
mentation of flock-mates. Ethology 118:644–653. https:// doi. org/ 10. 
1111/j. 1439- 0310. 2012. 02053.x

Londoño G, Sandoval-H J, Sallam MF, Allen JM (2022) On the evolution 
of mimicry in avian nestlings. Ecol Evol 12:e8842. https:// doi. org/ 
10. 1002/ ece3. 8842

Lyon BE, Montgomerie RD (1986) Delayed plumage maturation in pas-
serine birds: reliable signaling by subordinate males? Evolution 
40:605–615. https:// doi. org/ 10. 1111/j. 1558- 5646. 1986. tb005 11.x

Marques CIJ, Batalha HR, Cardoso GC (2016) Signalling with a cryptic 
trait: the regularity of barred plumage in common waxbills. R Soc 
Open Sci 3:160195. https:// doi. org/ 10. 1098/ rsos. 160195

Meyn SP, Tweedie RL (2009) Markov chains and stochastic stability. 
Cambridge University Press, Cambridge

Møller AP (1987) Variation in badge size in male house sparrows Passer 
domesticus: evidence for status signalling. Anim Behav 35:1637–
1644. https:// doi. org/ 10. 1016/ S0003- 3472(87) 80056-8

Montgomerie RD, Lyon BE (1986) Does longevity influence the evolu-
tion of delayed plumage maturation in passerine birds? Amer Nat 
128:930–936. https:// doi. org/ 10. 1086/ 284614

Ntzoufras I (2009) Bayesian modeling using WinBUGS. Wiley, Hoboken, 
New Jersey

Piper WH (1997) Social Dominance in Birds: early findings and New 
Horizons. Plenum, New York

Price T, Birch GL (1996) Repeated evolution of sexual color dimorphism 
in passerine birds. Auk 113:842–848. https:// doi. org/ 10. 2307/ 40888 
62

Ramírez-Barrera SM, Velasco JA, Orozco‐Téllez TM, Vázquez‐López 
AM, Hernández‐Baños BE (2019) What drives genetic and phe-
notypic divergence in the Red‐crowned ant tanager (Habia rubica, 
Aves: Cardinalidae), a polytypic species? Ecol Evol 9:12339–12352. 
https:// doi. org/ 10. 1002/ ece3. 5742

Robles-Bello SM, Vázquez-López M, Ramírez-Barrera SM, Terrones-
Ramírez AK, Hernández-Baños BE (2022) Drivers of phenotypic 
divergence in a mesoamerican highland bird. PeerJ 10:e12901. 
https:// doi. org/ 10. 7717/ peerj. 12901

Rohwer S (1986) A previously unknown plumage of first-year Indigo 
buntings and theories of delayed plumage maturation. Auk 103:281–
292. https:// doi. org/ 10. 1093/ auk/ 103.2. 281

Rohwer S, Butcher GS (1988) Winter versus summer explanations of 
delayed plumage maturation in temperate passerine birds. Amer Nat 
131:556–572. https:// doi. org/ 10. 1086/ 284806

Rohwer S, Rohwer FC (1978) Status signaling in Harris sparrows: experi-
mental deceptions achieved. Anim Behav 26:1012–1022. https:// doi. 
org/ 10. 1016/ 0003- 3472(78) 90090-8

Rubin DB, Gelman A, Carlin JB, Stern H (2013) Bayesian data analysis, 
3rd edn. Chapman and Hall/CRC, Boca Raton, Florida

Sandoval L (2007) Ampliación Del ámbito reproductivo y primer registro 
de ayudantes en la reproducción del relicario (Habia rubica) en 
Costa Rica. Boletín SAO 17:53–55

Schradin C (2013) Intraspecific variation in social organization by genetic 
variation developmental plasticity social flexibility or entirely extrin-
sic factors. Phil Trans R Soc Lond B 368:20120346. https:// doi. org/ 
10. 1098/ rstb. 2012. 0346

Scott BF, Chesser RT, Unitt P, Burns KJ (2024) Driophlox, a new 
genus of cardinalid (Aves: Passeriformes: Cardinalidae). Zootaxa 
5406:497–500. https:// doi. org/ 10. 11646/ zoota xa. 5406.3. 11

Senar JC, Camerino M, Copete JL, Metcalfe B (1993) Variation in black 
bib of the eurasian siskin (Carduelis spinus) and its role as a reli-
able badge of dominance. Auk 110:924–927. https:// doi. org/ 10. 
2307/ 40886 49

Senar JC, Figuerola J, Pascual J (2002) Brighter yellow blue tits make 
better parents. Proc R Soc Lond B 269:257–261. https:// doi. org/ 10. 
1098/ rspb. 2001. 1882

Tuttle EM (2003) Alternative reproductive strategies in the white-throated 
sparrow: behavioral and genetic evidence. Behav Ecol 14:425–432. 
https:// doi. org/ 10. 1093/ beheco/ 14.3. 425

Willis E (1960a) A study of the foraging behavior of two species of ant-
tanagers. Auk 77:150–170

Willis E (1960b) Voice courtship and territorial behavior of ant-tanagers 
in British Honduras. Condor 62:73–87

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/0169-5347(96)81050-0
https://doi.org/10.1016/0169-5347(96)81050-0
https://doi.org/10.1676/1559-4491-128.3.543
https://doi.org/10.1007/s43388-020-00024-z
https://doi.org/10.1007/s43388-020-00024-z
https://doi.org/10.58843/ornneo.v29i2.186
https://doi.org/10.13140/2.1.2516.3208
https://doi.org/10.13140/2.1.2516.3208
https://doi.org/10.1093/beheco/2.3.189
https://doi.org/10.1093/beheco/2.3.189
https://doi.org/10.1111/j.1469-185X.2011.00193.x
https://doi.org/10.2173/bow.rcatan1.01
https://doi.org/10.1093/condor/105.4.635
https://www.mrc-bsu.cam.ac.uk/software/bugs-project
https://www.mrc-bsu.cam.ac.uk/software/bugs-project
https://doi.org/10.1111/eth.12107
https://doi.org/10.3389/fevo.2023.1263974
https://doi.org/10.1038/378059a0
https://doi.org/10.1038/378059a0
https://doi.org/10.1111/j.1439-0310.2012.02053.x
https://doi.org/10.1111/j.1439-0310.2012.02053.x
https://doi.org/10.1002/ece3.8842
https://doi.org/10.1002/ece3.8842
https://doi.org/10.1111/j.1558-5646.1986.tb00511.x
https://doi.org/10.1098/rsos.160195
https://doi.org/10.1016/S0003-3472(87)80056-8
https://doi.org/10.1086/284614
https://doi.org/10.2307/4088862
https://doi.org/10.2307/4088862
https://doi.org/10.1002/ece3.5742
https://doi.org/10.7717/peerj.12901
https://doi.org/10.1093/auk/103.2.281
https://doi.org/10.1086/284806
https://doi.org/10.1016/0003-3472(78)90090-8
https://doi.org/10.1016/0003-3472(78)90090-8
https://doi.org/10.1098/rstb.2012.0346
https://doi.org/10.1098/rstb.2012.0346
https://doi.org/10.11646/zootaxa.5406.3.11
https://doi.org/10.2307/4088649
https://doi.org/10.2307/4088649
https://doi.org/10.1098/rspb.2001.1882
https://doi.org/10.1098/rspb.2001.1882
https://doi.org/10.1093/beheco/14.3.425

	Median-crown stripe variation in two ant-tanagers (Cardinalidae)
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References


