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The offspring of many animals are conspicuous during parental dependence, despite juveniles generally suffering from high predation 
risk. However, to date, it is unclear whether offspring structural ornaments play a role in intrafamily communication. This is the case 
of conspicuous plumage in young birds, which is worn unchanged during a long period after fledging, when they still depend on their 
parents. If plumage color facilitates intrafamily interactions, its role should be more important in large-brooded species, where the 
strength of intrafamily conflict is potentially stronger. We therefore performed a comparative study in 210 passerine bird species to 
test whether an offspring structural trait, white plumage, evolves more frequently in lineages with larger clutches. We also explored 
the number of broods raised per year as another source of intrafamily conflict. First, we found that juvenile whiteness was more fre-
quent in open-nesting species. Moreover, in agreement with our prediction, the presence of juvenile white tail/wing patches was 
strongly and positively associated with clutch size. This relationship was not due to the strong resemblance between offspring and 
adult plumage, which was controlled for in the statistical analyses. Moreover, the association remained significant after taking into ac-
count predation risk, for which there was information for a subset of species. In contrast, juvenile whiteness was not associated with 
the number of broods raised per year. These results may suggest that the evolution of juvenile conspicuousness is favored in species 
with potentially stronger intrabrood sibling conflict.
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INTRODUCTION
Conflicts over limited resources are common in animal societies, 
including humans. How these conflicts are resolved by interacting 
individuals usually depends on information exchange and the ex-
pression of  signals (Danchin et  al. 2004; Conradt and List 2009; 
Arganda et  al. 2012; Huck et  al. 2017; Chaine et  al. 2018). For 
example, facial patterns in a paper wasp and facial expression in 
macaques reduce the likelihood of  social aggression, especially in 
large social groups (Tibbetts and Dale 2004; Waller et  al. 2016). 
Indeed, in many taxa, signals of  phenotypic quality or fighting 
ability allow individuals to predict social outcomes and to avoid 
costly interactions with unrelated opponents (Hurd 1997; reviewed 
by Maynard-Smith and Harper 2003; Searcy and Nowicki 2005).

Likewise, the expression of  signals of  quality can play a role 
in settling conflicts among relatives in species with parental care 
(Grodzinski and Johnstone 2012; Morales and Velando 2013). 
Family members constitute a small society with overlapping but 
not identical interests (Trivers 1974). Given that each offspring is 

more closely related to itself  than to its parents and siblings, they 
each should try to take a disproportionate share of  resources. 
Consequently, an intersibling conflict may arise (O’Connor 
1978). Moreover, optimal parental investment levels for offspring 
are greater than for parents, leading to parent–offspring conflict 
(Trivers 1974). Finally, each parent would profit if  the other pro-
vided more care, leading to a sexual conflict (Lessells 1999). The 
resolution of  intrafamily conflicts involves continuous behavioral 
interactions during which offspring may for instance express dy-
namic begging signals according to their need (like vocal and pos-
tural displays, as well as integument coloration); signals that parents 
use to assign provisioning effort to specific offspring (Godfray 1995; 
Jourdie et  al. 2004; Bize et  al. 2006; de Ayala et  al. 2007; Wiebe 
and Slagsvold 2012). However, the young of  many animal species 
also display nondynamic structural signals during the period of  
parental dependence, whose role in intrafamily interactions is less 
known. This is the case of  conspicuous plumage in young birds, 
which has received little attention compared to begging displays.

Juvenile plumage is fully developed at the end of  the nestling pe-
riod and is worn unchanged for several weeks until the postfledging 
molt (on average, during 2 months in passerines; Moreno and Soler 
2011), after which an adult-like plumage is acquired (Jenni and 
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Winkler 1994). It has been hypothesized that one of  the major selec-
tive pressures that affect chick plumage color is predation (reviewed 
by Kilner 2006; see also Graber 1955), which is the main cause of  
high juvenile mortality after leaving the nest (Naef-Daenzer et  al. 
2001; Berkeley et  al. 2007; Miranda et  al. 2007). Thus, plumage 
conspicuousness in juveniles should have an adaptive value during 
this phase that compensates enhanced predation risk. For instance, it 
may allow fledglings to be easily spotted by parents outside the nest 
(see Penteriani et al. 2007a, although this study was performed in a 
nocturnal species). Importantly, plumage color is developed at the 
same time that begging displays and related traits loose intensity or 
simply disappear. For instance, skin coloration becomes covered by 
feathers and vocal signals are diminished after leaving the nest, prob-
ably because of  reduced responsiveness by parents (Middleton et al. 
2007). Additionally, contrary to dynamic postural or vocal displays, 
and even to integument coloration of  nestlings (Soler et  al. 2007; 
Martín-Gálvez and Soler 2017), young birds cannot control plumage 
color to signal need in the short term. Thus, plumage color reflects 
offspring phenotypic quality in the long term, and can be expressed 
even prior to fledging and for several weeks thereafter. Accordingly, 
intraspecific studies have found that condition-dependent plumage 
color of  nestlings affects parental provisioning (Lyon et  al. 1994; 
Griggio et al. 2009; Parejo et al. 2010; Ligon and Hill 2010; Barrios-
Miller and Siefferman 2013; Romano et al. 2016) and the competi-
tive interactions among brood mates (Morales and Velando 2018).

For juvenile conspicuousness facilitating social interactions 
among family members, we should expect a prominent role in avian 
lineages with large broods. First, social interactions and information 
exchange are more frequent in large groups (Pacala et  al. 1996), 
and signals (at least, nonmanipulative ones) have evolved to facili-
tate information exchange and the resolution of  social conflicts (for 
intrafamily conflict see Trivers 1974; Godfray 1995). Second, so-
cial networks are probably more complex in large families (Morales 
and Velando 2013), simply because there is a higher probability of  
interacting with more individuals. Third, sibling conflict is expected 
to be stronger in large broods, since the higher the number of  young 
to be fed the stronger the competition for limited parental resources 
(i.e., intrabrood conflict; Godfray and Parker 1992; Kilner 1999, 
2006; Smiseth et  al. 2007). Indeed, in the great tit (Parus major), 
interactions among siblings have been found to be stronger and more 
frequent in large families and also in those with limited food availa-
bility (Royle et al. 2012), that is, when resources are potentially more 
restricted. Interestingly, in Rallidae, chick general conspicuousness 
(a measure of  bill, flesh and plumage coloration combined) shows 
a weak but positive association with clutch size (Krebs and Putland 
2004). However, other comparative studies have mainly focused on 
begging-related traits. For instance, nestling mouth conspicuousness 
has been found to be positively associated with different proxies of  
intrafamily conflict (extrapair paternity: Kilner 1999; brood reduc-
tion: Soler and Avilés 2010; Caro et al. 2016; clutch size: Avilés et al. 
2008; but see Kilner and Davies 1998). Hitherto, no comparative 
study has looked for associations of  specific plumage signals with 
clutch size or other proxies of  the strength of  intrafamily conflict.

We therefore performed a study in 210 passerine bird species 
to test whether juvenile white plumage evolves more frequently in 
lineages with larger clutches. Additionally, we explored the number 
of  broods raised per year as another source of  intrafamily conflict 
(i.e., interbrood conflict; Parker and MacNair 1979). Passerines 
offer an interesting system to test the study question because they 
are altricial and, thus, several siblings are cared for at the nest, 
usually by both parents. It is a diverse and well-studied group 

representing 50% of  all bird species, and juvenile plumage is gen-
erally well described (Cramp and Perrins 1998). White plumage 
increases conspicuousness when combined with melanized feathers, 
as is usually the case in passerines (Brooke 1998, Beauchamp and 
Heeb 2001; Galván and Solano 2016). Furthermore, in many 
bird species, white plumage patches of  adult birds signal indi-
vidual quality to conspecifics (e.g., Weidmann 1990; Gustafsson 
et al. 1995; Beauchamp and Heeb 2001; Álvarez 2004; Ferns and 
Hinsley 2004; Osorno et al. 2006; Morales et al. 2007; Penteriani 
et al. 2007b; Griggio et al. 2011; Crowhurst et al. 2012; Guindre-
Parker et al. 2013; Walker et al. 2014; see also reviews by Galván 
2008; Penteriani and Delgado 2017). Possibly, white plumage 
plays a similar role in juveniles too, as suggested by intraspecific 
studies (Penteriani et  al. 2007a; Romano et  al. 2016). Moreover, 
white plumage patches in the tail and wings seem to function as 
“flash marks” to conspecifics, especially when the birds perform 
flicking tail and wing movements (Brooke 1998; Beauchamp and 
Heeb 2001; Stang and McRae 2009), behaviors that are typically 
displayed by young birds while begging for food (Grim 2008). 
Thus, white tail and wing feather patches seem particularly good 
candidates as juvenile signals to other family members.

Unpigmented plumage can be costly to wear, mainly because it 
attracts predators (e.g., Slagsvold et  al. 1995; Martin and Badyaev 
1996). Other associated costs of  white plumage are dirt removal 
(see Griggio et al. 2011, and references therein) and higher vulnera-
bility of  feathers to physical breakage and degrading bacteria or lice 
(Kose and Møller 1999; Burtt and Ichida 2004; Goldstein et al. 2004; 
Ruiz-de Castañeda et al. 2012). In this context, developing feathers, 
and especially tail, wing, and ventral feathers, are continuously 
in direct contact with the nest material, where debris and feather-
degrading micro and macro-organisms are abundant, and will differ-
entially affect white plumage; effects that should be visualized during 
both the nestling and fledgling periods. Thus, we measured whiteness 
in these traits, assuming that the costs of  wearing these feathers are 
high. As mentioned above, these potential costs point to an adaptive 
value in social contexts of  wearing white plumage.

Our prediction was that tail, wing, and ventral plumage white-
ness of  juveniles should be more frequent in species with a higher 
need to signal quality, namely in those species with a larger clutch 
size (and, potentially, with more frequent interactions and stronger 
intrabrood conflict) or with more than one brood per year (i.e., 
stronger interbrood conflict). To explore this prediction, we col-
lected information from Western Palearctic passerines and, by 
means of  Bayesian phylogenetic mixed models, examined the as-
sociation between juvenile plumage whiteness and clutch size and 
number of  broods. Since juvenile and adult conspicuousness are 
positively associated to a large extent in passerines (Moreno and 
Soler 2011), we also controlled for female conspicuousness in the 
analyses. Finally, we took into account predation rate in a subset of  
species for which it was available (n = 79), and nest type (cavity vs. 
open nests) in the whole data set to control for the supposedly high 
predation risk in open nests (Martin et al. 2017) and for the higher 
insalubrity of  cavity nests (González-Braojos et  al. 2012), which 
may increase the costs of  wearing white plumage.

METHODS
Juvenile plumage whiteness

First, we characterized juvenile ventral whiteness from the colored 
plates of  the electronic version of  The Complete Birds of  the Western 
Palearctic on CD-ROM 1.0 (BWP; Cramp and Perrins 1998) by using 
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Photoshop (ver. 11.0.2; Adobe System Inc., San Jose, CA), and fol-
lowing a similar method to that described by Villafuerte and Negro 
(1998) and Soler et al. (2005). Specifically, we used the “magnetic 
lasso”, an edge-detection tool, to select ventral feathers from below 
the tail to the breast and to the edge of  the wing, excluding both 
the legs and the wing (see Figure A1 in Electronic Supplementary 
Material for an example of  the selected area). We used 16% edge 
contrast, 5-pixel width, and 80 lines per inch. Then, the program 
calculated median lightness values for pixels within the selected 
area (range of  lightness: 27.3–228.7). This procedure was repeated 
twice in 15 randomly chosen species indicating that lightness was 
highly repeatable (r = 1.0; F14,15 = 1312.8; P < 0.001). For simplicity, 
ventral lightness will be called “ventral whiteness” henceforth. In 
contrast to the more homogeneous and diffused color pattern of  
ventral feathers, tail, and wing white feathers are usually present as 
a thin edge or neat stripe, which cannot be easily measured with an 
edge-detection tool. Thus, for the tail and the wing, the presence/
absence of  white feathers was registered as a categorical factor 
based on the description of  juvenile plumage coloration in BWP. 
Specifically, whiteness was scored as present if  the expressions 
“white” or “off-white” were explicitly mentioned in the description 
of  wing feathers (excluding under coverts and axillaries, which are 
more concealed from the view of  other individuals and, thus, are 
less likely to function as signals) or tail feathers (excluding under 
tail coverts, for the same reason). Reference to “pale”, “creamy”, 
“buff”, or “Isabelline” tail and wing feathers in the text was not 
considered as presence of  white. When the juvenile was described 
as similar to the adult or to the first adult, we then checked the cor-
responding description. Written descriptions of  plumage coloration 
allowed us to assess the presence/absence of  white patches objec-
tively, since the observation of  colored plates is always subjected to 
potential observers’ bias. In order to register adult female plumage 
whiteness, we followed the same protocol as for juveniles. The pres-
ence of  white in tail/wing feathers was obtained in the description 
of  adult female spring/worn plumage.

Ventral whiteness was not significantly associated with the pres-
ence/absence of  white wing or tail feather (Supplementary Table 
S2). However, the presence/absence of  white wing feathers was 
strongly and positively correlated with the presence/absence of  
white tail feathers (Supplementary Table S2). Thus, we scored tail 
and wing white feathers into a single 3-level categorical variable, 
hereafter “tail/wing whiteness”: 0  =  no white feathers present in 
either the tail or the wing; 1 = white feathers present in one of  the 
traits but not in the other; 2 = white feathers present in both traits.

Data collection

Mean clutch size was used as a proxy of  the number of  siblings 
that can be present at the nest and, thus, of  potential sibling com-
petition and number of  different social interactions. We obtained 
information on mean clutch size, and also on the number of  broods 
(one vs. more than one brood per year), nest type (open vs. cavity 
or domed nests), and female mass (g) from the BWP and, when not 
available (clutch size for 4 species and number of  broods for ten 
species), we used the Handbook of  the Birds of  the World Alive (HBWA; 
Del Hoyo et al. 2017). When provided information was clutch size 
range instead of  the mean clutch size, we calculated the average 
of  the maximum and minimum values. Female mass was log10-
transformed before the analyses. Predation rates (i.e., percentage 
of  nests lost due to predation) of  a subset of  species (n  =  79) 
were obtained from BWP, 2 reviews (Martin and Clobert 1996; 
Wesołowski and Tomiałojć 2005) and other bibliographic sources 
(see Supplementary Table S1). When various values per species 
were available, predation rates were averaged. Species values for all 
variables can be found in Supplementary Table S1.

Statistical analyses

We used Bayesian phylogenetic mixed model analyses from 
the MCMCglmm package (Hadfield 2010), as implemented 
in R 4.2.5 (R-Core-Team 2017) with the appropriate libraries 
(“MCMCglmm”, “ape”, and “MASS” (Paradis et  al. 2004), and 
“mvtnorm” (Venables and Ripley 2002)). This analysis enables the 
inclusion of  a phylogeny as a design matrix that is considered as a 
random effect (Genz and Bretz 2011; Currie and Meade 2014). We 
performed one MCMCglmm model with juvenile ventral whiteness 
as a continuous response variable with normal error, and another 
one that included tail/wing whiteness as a categorical response var-
iable with ordinal distribution. In both models, we entered mean 
clutch size, nest type (open vs. cavity/domed nests), predation rate, 
and log-female mass as predictors (n = 79 species). Since there was 
weak evidence for the association between predation rate and ju-
venile whiteness (Table 1), we ran the models after excluding this 
variable from the analyses to increase sample size (n = 210 species). 
In addition, we checked whether the results remained qualitatively 
similar after controlling for adult plumage whiteness. However, 
due to the high collinearity between juvenile and adult whiteness, 
we show the models with and without the adult trait. Finally, both 
models were run again to include the number of  broods per year, 
which was available for a few less species (n = 201 species).

Table 1
Relationship between mean clutch size and juvenile whiteness while controlling for body mass, nest type (open vs. cavity or domed), 
and species predation rate (data available for 79 species)

Dependent variable Predictor Post. mean (Post. mean) 95% CI z-score 95% CI Effective sample size pMCMC

Juv. tail/wing whiteness (Intercept) −3.04 −6.37 to 0.31 0.82–1.08 2336.08 0.075
 Clutch size 0.59 0.22–0.96 0.84–1.12 2305.79 0.002
 Nest type (cavity) −1.26 −2.35 to −0.18 0.87–1.15 2321.32 0.023
 Body mass 0.52 −1.01 to 2.03 0.87–1.15 2342.43 0.51
 Predation rate 0.01 −0.01 to 0.03 0.86–1.14 2351.00 0.59
Juv. ventral whiteness (Intercept) 249.13 182.15–315.79 0.99–1.31 2339.74 <0.001
 Clutch size 1.26 −5.31 to 7.87 1.20–1.59 2232.75 0.71
 Nest type (cavity) −16.65 −34.70 to 1.32 0.93–1.23 2326.60 0.074
 Body mass −50.62 −82.26 to −19.02 0.82–1.09 2350.02 0.003
 Predation rate −0.18 −0.54 to 0.18 1.02–1.35 2346.23 0.32

We show average values of  100 MCMCglmm models ran on 100 random phylogenetic trees. Significant effects (pMCMC < 0.05) are shown in bold.
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Female mass and mean clutch size were significantly associated 
to each other (pMCMC = 0.044; MCMCglmm model with female 
mass as a continuous dependent variable with normal distribution, 
mean clutch size as the only predictor and phylogeny as a random 
factor). Female mass and nest type were not significantly associ-
ated (similar model to the previous one but with nest type as the 
only predictor: pMCMC = 0.55), and the same was true for mean 
clutch size and nest type (pMCMC  =  0.13; MCMCglmm model 
with clutch size as dependent variable assuming normal distribu-
tion and nest type as the only predictor). Predation rate was not 
related to the rest of  covariates (all pMCMC ≥ 0.84; MCMCglmm 
model with predation rate as dependent variable and nest type, fe-
male mass and clutch size as predictors).

We used the prior [list(G=list(G1=list(V=1, 
nu=0.02)),R=list(V=1,nu=0.02))] for ventral whiteness. For tail/
wing whiteness, we fixed the residual variance to 1 [list(G=list(G
1=list(V=1,nu=100,alfa.mu=0,alfa.V=1)),R=list(V=1,fix=1))], as 
recommended for categorical dependent variables (de Villemereuil 
et al. 2013). We let the algorithm run for 100,000 iterations, with 
a burn-in period of  6000 and thinning interval of  40. We used 
Geweke’s convergence diagnostic for Markov chains (Geweke 
1992), which is based on a standard z-score of  means of  the first 
(10%) and the last part (50%) of  a Markov chain (Table 1). For 
a converged Markov chain, the absolute value of  a Geweke sta-
tistic should be smaller than 1.96 at the 0.05 alpha level (Zhang 
2016). To account for phylogenetic uncertainty, the models were 
run on 100 random phylogenetic trees from Birdtree.org with 
Ericson backbones (all species) (Jetz et  al. 2014), and results were 
then averaged. The random effect of  phylogeny was reported as 
heritability (h2) (Hadfield 2010), which is a measure of  the phylo-
genetic signal analogous to Pagel’s lambda that ranges from zero 
(nonphylogenetic signal) to 1 (high phylogenetic signal).

RESULTS
As predicted, juvenile tail/wing whiteness was higher in species 
with larger clutches after controlling for predation rate, nest type 
and the species body mass (pMCMC ≤ 0.003 in the 100 runs; see 
average values in Table 1; n = 79 species). Predation rate was rela-
tively high (mean ± SE = 33.82 ± 2.40% of  nest lost to predators; 
range: 0–91%) but was not significantly associated with juvenile 
tail/wing whiteness in any of  the 100 runs (all pMCMC ≥ 0.53). 
Body mass did not show a significant association with tail/wing 
whiteness. However, juveniles of  open-nesting species showed 
whiter tail/wings in this reduced data set (Table 1).

When predation rate was excluded from the model and we 
increased sample size, clutch size was still strongly and positively 

related to juvenile tail/wing whiteness (pMCMC ≤ 0.0034 in the 
100 runs; see average values in Table 2; n = 210 species; see also 
Figure 1). In contrast, the effects of  body mass and nest type did 
not reach statistical significance in this model (Table 2). Adult fe-
male tail/wing whiteness was also strongly and positively associ-
ated with clutch size (Supplementary Table S3). After including 
female tail/wing whiteness as a covariate in the model of  juvenile 
tail/wing whiteness, we found that the effect of  clutch size on juve-
nile tail/wing whiteness remained highly significant in models that 
considered either the reduced or the whole data set (Supplementary 
Tables S4 and S5). This suggests a role for offspring juvenile tail/
wing whiteness despite the strong resemblance between adults and 
juveniles. On the other hand, juvenile tail/wing whiteness was 
not significantly associated with the number of  broods per year 
(Supplementary Table S6). The phylogenetic signal of  juvenile tail/
wing whiteness was intermediate (h2 = 0.52; 95% CI = 0.45–0.60).

One may argue that tail and wing white feather patches are not 
the only conspicuous traits present in juvenile plumage. For in-
stance, pure black can be very conspicuous as well. In addition, 
white small dots combined with beige can serve as camouflage 
rather than signaling. However, if  we exclude species in which 
juveniles are almost black (n = 11), or in which whiteness in the tail 
and wing is only present as white-spotted plumage (n = 3), the rela-
tionship between tail/wing whiteness and clutch size remains highly 
significant (Supplementary Table S7).

Ventral whiteness was not significantly associated with mean 
clutch size, either when controlling for predation rate or when 
excluding it from the model (Tables 1 and 2). Neither was it re-
lated to the number of  broods per year (Supplementary Table 
S6). Nonetheless, juveniles of  species with larger body mass had 
darker ventral plumage (Tables 1 and 2). Juveniles of  species that 
build open nests also showed whiter ventral plumage, although 
only in the whole data set. The phylogenetic signal of  juvenile 
ventral whiteness was very high (h2 = 0.84; 95% CI = 0.65–0.94). 
Interestingly, adult female ventral whiteness was positively asso-
ciated with clutch size (Supplementary Table S3). However, after 
including it as a covariate in the model of  juvenile ventral white-
ness, the effect of  clutch size on juvenile ventral whiteness remained 
nonsignificant (Supplementary Table S4).

DISCUSSION
To date, it is unclear whether juvenile plumage conspicuousness 
plays a role in intrafamily communication. Here, we show that the 
expression of  juvenile white patches in the tail and wings is strongly 
and positively associated with clutch size in 210 passerine spe-
cies, while controlling for the effect of  phylogeny. The relationship 

Table 2
Relationship between mean clutch size and juvenile whiteness when excluding predation rate from the model (n = 210 species)

Dependent variable Predictor Post. mean (Post. mean) 95% CI z-score 95% CI Effective sample size pMCMC

Juv. tail/wing whiteness (Intercept) −2.09 −4.32 to 0.16 0.82–1.08 2374.79 0.070
 Clutch size 0.38 0.16–0.60 0.86–1.14 2339.20 0.001
 Nest type (cavity) −0.36 −0.96 to 0.24 0.85–1.12 2350.36 0.24
 Body mass 0.37 −0.55 to 1.29 0.77–1.02 2351.80 0.44
Juv. ventral whiteness (Intercept) 215.10 157.05–272.25 0.85–1.13 2360.58 <0.001
 Clutch size 3.44 −0.74 to 7.63 0.96–1.28 2371.01 0.11
 Nest type (cavity) −12.03 −23.05 to −0.90 0.80–1.06 2297.77 0.036
 Body mass −44.08 −64.02 to −24.02 0.86–1.14 2343.65 <0.001

We show average values of  100 MCMCglmm models ran on 100 random phylogenetic trees. Significant effects (pMCMC < 0.05) are shown in bold.
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remains significant when taking into account predation risk in 
a subset of  species, and resemblance between juvenile and adult 
white plumage in the whole data set. Results also show that juvenile 
plumage whiteness is more frequent in open-nesting passerines, al-
though this relationship depended on the subset of  species included 
in the analysis.

The detected association between clutch size and feather white-
ness suggests that selection maintains offspring conspicuousness 
in large families, perhaps because offspring signals facilitate infor-
mation exchange in large groups and the resolution of  intrafamily 
conflicts (Morales and Velando 2013). Similarly, mouth and flange 
color patterns in juvenile birds are more likely to evolve in larger 
families (Krebs and Putland 2004; Soler and Avilés 2010; but see 
Kilner and Davies 1998) and when there is a higher degree of  
intrabrood conflict, due to extrapair paternity or brood reduction 
(Kilner 1999; Avilés et al. 2008). Our results support that juvenile 
whiteness in passerines plays a role in settling the conflict between 
brood mates. In a wider context, outside the family framework, 
white plumage patches on the tail and wings are more frequent in 
social bird species that flock (Beauchamp and Heeb 2001; Stang 
and McRae 2009), and these signals seem to increase group cohe-
sion (Beauchamp and Heeb 2001). Likewise, juvenile white plumage 
could function as a signal of  phenotypic quality that facilitates so-
cial interactions among family members when there is a more com-
plex social network structure in the family. In other words, juvenile 
plumage whiteness could reduce costs that derive from family con-
flict, which should result in fitness benefits for parents and offspring 
and, thus, be favored by selection.

The expected association between plumage whiteness of  juveniles 
and clutch size was not detected for ventral feathers, despite adult 
female ventral whiteness being positively associated with clutch size. 
Contrary to white wing and tail patches, which are only conspic-
uous when the birds move and flick both traits (Grim 2008), white 
ventral feathers cannot be hidden within cryptic plumage and thus 
might facilitate juvenile detection by predators, and this should con-
strain its evolution in scenarios of  social communication. However, 
contrary to this explanation, we found that predation rate was not 
significantly associated with ventral whiteness in the reduced subset 
of  species, and that juveniles were whiter in open-nesting passerines, 
which are more exposed to predators (Martin et al. 2017). Thus, it 
is possible that social interactions at the juvenile stage are more im-
portant for open- than for hole-nesters. In fact, due to the stronger 
predation pressure in open nests, nestlings leave the nest at earlier 
developmental stages than nestlings of  cavity-nesting species (Lack 
1954; Naef-Daenzer and Grüebler 2016; Martin et  al. 2017) and 
are often flightless when they leave (reviewed by Naef-Daenzer 
and Grüebler 2016). Therefore, fledglings of  open-nesting species 
would need enhanced signaling capacity due to higher parental de-
pendency during the first days outside the nest.

Despite previous studies showing that juveniles are more conspic-
uous immediately before and after leaving the nest (e.g., Baker and 
Parker 1979, including more than 500 bird species), the function of  
juvenile plumage color has been scarcely explored in the context of  
intrafamily communication (although see Moreno and Soler 2011 
for general plumage conspicuousness). To date, no comparative 
study has explored whether specific plumage signals relate to family 
size or to the strength of  intrafamily interactions. This is striking 
given that young passerines wear their juvenile plumage unchanged 
for on average 2 months, part of  which time they may be still de-
pendent on their parents and remain in family groups, sometimes 
even until the following breeding event (delayed plumage matura-
tion; Cramp and Perrins 1998). Specifically, white plumage patches 
in the tail and wing generate very conspicuous traits when the tail 
and wings are shaken quickly (Brooke 1998; Beauchamp and Heeb 
2001; Stang and McRae 2009), as young passerines typically do 
while begging for food (Grim 2008). In a previous intraspecific study 
in eagle owls, juveniles with experimentally reduced plumage white-
ness showed lower condition, likely because they received less food 
than their sibs or as the result of  sib-sib competitive interactions 
(Penteriani et al. 2007a). Hence, juvenile white plumage could play 
a role in intrafamily communication in nonpasserines as well.

Plumage whiteness is probably not a specific trait of  juveniles. 
Therefore, we cannot discard that its association with clutch size is 
partly due to a role for adult white plumage in intrafamily commu-
nication. Yet, this does not explain why offspring plumage whiteness 
is maintained by selection in the first place, when strong pressures 
exist against plumage conspicuousness in juveniles due to preda-
tion (Graber 1955; Kilner 2006; see values of  predation rate in 
Supplementary Table S1). Moreover, after controlling for adult fe-
male conspicuousness, the relationship between juvenile whiteness 
and clutch size remained highly significant. In addition, juvenile 
plumage may also evolve to be clearly distinct from adult plumage, 
so adult and juvenile plumage evolution may be decoupled in many 
species (Moreno and Soler 2011). Finally, plumage signals could 
serve other functions outside the family, like acquiring social status 
among juveniles before the winter (Moreno and Soler 2011) or 
signaling “immaturity” to reduce aggression from adult conspecifics 
after fledging (Ligon and Hill 2013). These possibilities are com-
patible with our findings because signals are observed by multiple 
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Figure 1
Relationship between juvenile tail/wing whiteness (values close to 0 are 
species without white in tail or wing feathers; values close to 1 are those 
showing white in one of  the traits; values close to 2 are species with white 
in both traits) and mean clutch size (number of  eggs) across 210 Passerine 
species. Values of  tail/wing whiteness are residuals from a MCMCglmm 
model that included tail/wing whiteness as dependent variable and nest 
type (open vs. cavity/domed nest) and body mass as predictors, while 
controlling for phylogenetic relationships among species. The line is the best 
fit MCMCglmm model (also controlling for phylogeny).
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receivers and can function in several social contexts inside and out-
side families (West-Eberhard 1983; Morales and Velando 2013).

In conclusion, we found that offspring plumage whiteness in 
the tail and wing is more frequent in lineages with larger broods, 
suggesting that white plumage plays a role in the communica-
tion among family members close to fledging or thereafter. Also, 
juveniles have whiter plumage in open-nesting species, perhaps be-
cause social interactions at the juvenile stage are more important 
for open-nesters. Although the correlative nature of  comparative 
studies does not allow us to establish causality, we hope that our 
results encourage future research exploring other potential sources 
of  variation in juvenile plumage and also more experimental 
studies on specific plumage traits within species.
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