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Abstract
The evolution of sexually monomorphic ornamental traits is poorly understood and may require a shift in research focus away 
from strict sexual selection. To properly understand how selection affects such traits, we need to know to what extent they 
are constrained by their genetic architecture. Specifically, we need to understand how and in what state (monomorphic or 
dimorphic) ornamental traits first appear, how they are subsequently rendered sexually dimorphic, or not, and what mecha-
nisms underlie their further elaboration and diversification. Here, I argue that recent developments in the genomic studies of 
domesticated birds provide insights into these questions. The causal mutations of several ornamental traits have been identi-
fied, particularly in chickens. I briefly review this literature and show that ornamental traits can be caused by a range of differ-
ent types of mutations, including single-nucleotide polymorphisms and larger structural variations. Novel ornamental traits 
tend to be sexually monomorphic, suggesting that most cases of sexual dimorphism are the result of additional mutations, 
although we have no direct evidence for this in domestic birds. Several examples show how existing ornaments can be further 
elaborated and diversified by additional mutations. Ongoing research may also clarify what mutations cause the reversal 
to sexual monomorphism dull plumage in chickens. I conclude that current cases of sexually monomorphic ornamentation 
may consist of a mix of traits that are under selection for monomorphism and traits that are constrained to be monomorphic.
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Zusammenfassung
Die Evolution sexualmonorpher Ornamente ist bisher nur unzureichend verstanden. Es bedarf daher weiterer 
Erklärungsversuche, vor allem solcher, die nicht auf sexueller Selektion basieren. Um zu verstehen wie Selektion auf die 
Ausbildung sexualmonomorpher Ornamente wirkt, muss zunächst verstanden werden, in welchem Ausmaß sie durch ihre zu 
Grunde liegende genetische Architektur festgelegt sind. Insbesondere muss verstanden werden wie und in welchem Zustand 
(monomorph oder dimorph) Ornamente zunächst auftreten, ob und wie sie anschließend als sexualdimorph festgelegt werden 
und welche Mechanismen ihrer weitergehenden Ausschmückung und Diversifizierung zu Grunde liegen. Ich argumentiere an 
dieser Stelle, dass jüngste Entwicklungen im Bereich der Genomforschung domestizierter Vögel neue Einsichten in Bezug 
auf die genannten Fragestellungen eröffnen. Die der Ausbildung von Ornamenten zu Grunde liegenden Mutationen sind 
bereits bekannt, insbesondere in Hühnervögeln. Ich gebe hierzu eine kurze Literaturübersicht und zeige, dass die Ausbildung 
von Ornamenten durch verschiedene Typen von Mutationen verursacht werden kann, unter anderem durch Punktmutationen 
aber auch durch größere strukturelle Variationen. Neu auftretende Ornamente sind im Allgemeinen monomorph, was nahe 
legt, dass sexualdimorphe Ornamente ein Resultat zusätzlicher Mutationen sind. Letzteres ist jedoch bei domestizierten 
Vögeln bisher unbelegt. Es gibt jedoch eine Reihe von Beispielen, die zeigen wie bereits existierende Ornamente durch 
zusätzliche Mutationen ausgeschmückt und diversifiziert werden können. Aktuelle Forschung könnte zusätzlich klären, 
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welche Mutationen eine Umkehr zu sexualmonomorphem mattem Gefieder in Hühnervögeln bedingen. Abschließend 
folgere ich, dass gegenwärtige Fälle von sexualmonomorpher Ornamentation aus seiner Mischung von Merkmalen bestehen: 
Solchen, die einer Selektion auf Monomorphismus unterliegen, und solchen, bei denen Monomorphismus (bereits/genetisch?) 
festgelegt ist.

Introduction

Birds display a staggering diversity of traits that appear to 
serve no purpose in survival, such as bright plumage, elon-
gated tail and Crest feathers, elaborate song and exuberant 
visual displays. Such ornamental traits are sometimes most 
strongly expressed by the male. A large body of research 
has been devoted to the study of such sexually dimorphic 
ornaments, particularly in birds (Andersson 1994). The 
conclusion emerging from this work is that sexual selec-
tion is the dominant force shaping sexually dimorphic orna-
ments. However, in many other species, both sexes display 
the ornamental trait, resulting in sexually monomorphic 
ornamentation (Amundsen 2000; Kraaijeveld et al. 2007; 
Clutton-Brock 2009). Sexually monomorphic ornaments 

have received far less attention and may require a shift in 
focus away from strictly sexual selection towards selection 
resulting from a much broader range of social interactions 
(West-Eberhard 1979; Kraaijeveld et al. 2007; Lyon and 
Montgomerie 2012; Tobias et al. 2012).

Implicit in this discussion is the assumption that orna-
ments are free to evolve between sexually monomorphic 
and dimorphic states. To what extent this is the case may 
vary between ornaments and depend on the genetic architec-
ture underlying ornament development (Kraaijeveld 2014). 
Lande (1980) outlined the expected scenario for the evolu-
tion of sexually dimorphic ornamental traits; Lande’s model 
assumed that novel traits are caused by autosomal genetic 
variants and appear as sexually monomorphic traits. As 
most of the genome is shared between the sexes, most novel 

Fig. 1   Examples of chicken phenotypes that would be considered 
‘ornamental’ if they occurred in wild birds, and for which the causal 
genetic mutations have been identified (see Table 1). Clockwise from 

top left: Crest, Silky feather, Araucana (Ear tufted), Frizzle feather, 
Naked neck. Images: Shutterstock
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ornamental traits are expected to be expressed in both males 
and females. Such traits are then subject to sexual or social 
selection through mate choice and intraspecific competition, 
as well as natural selection against their maintenance. These 
sources of selection often differ in magnitude between the 
sexes, resulting in sexually antagonistic selection on the 
ornament. When new mutations subsequently modulate the 
expression of the ornament such that it is only expressed 
in the sex that benefits from it for example by changing the 
sensitivity to hormones, sexual dimorphism ensues.

While this scenario makes intuitive sense, the predicted 
sequence of events is rarely borne out when sex-specific 
ornament expression is mapped onto phylogenies of closely 
related species (Wiens 2001; Price and Eaton 2014). There 
may be two reasons for this discrepancy. First, Lande’s 
model may be incorrect and ornaments frequently arise in 
the sexually dimorphic state or evolve unencumbered by 
intersexual genetic correlation. Alternatively, the phylog-
enies may not be explained by Lande’s model. If the ancestor 
of the taxonomic group under study already expressed the 
ornament, then the subsequent events, although interest-
ing in their own right, are not informative with regard to 
Lande’s model. In other words, the first appearance of sexual 
dimorphism and its subsequent loss and reappearance are 
governed by different processes.

To gain insight into the first stages of ornament evolution, 
we need to observe the appearance of new ornamental traits. 
Domesticated birds offer excellent opportunities for such 
an endeavour. Many novel traits have appeared in domestic 
birds, including chickens, pigeons, ducks and Budgerigars, 
and were favoured by breeders (Price 2002). Many of these 
traits would qualify as ‘ornamental’ when observed in wild 
birds (Fig. 1). Indeed, several novel traits in domestic birds 
closely resemble ornamental traits observed in wild birds 
e.g. Naked neck, Frizzle feather and Ear tuft phenotypes 
in domestic chickens function as display traits in Turkey 
Meleagris gallopavo (Buchholz 1997), Black Swan Cygnus 
atratus (Kraaijeveld et al. 2004) and eared pheasants Cros-
soptilon spp. (Lu 2007), respectively. In recent years, the 
molecular mechanisms underlying many of these traits have 
been clarified in both chickens and pigeons (Fig. 2; reviewed 
in Boer et al. 2017). I propose that these mechanisms may 
parallel those that underlie similar traits in wild birds. If so, 
these mechanisms may provide insights into the evolution 
of ornamental traits and sexual dimorphism. In this paper, I 
review the literature on the molecular genetics of ornamen-
tal traits in domestic birds and assess what it might teach 
us about evolution of ornaments and sexual dimorphism in 
the wild.

Fig. 2   Examples illustrating the diversity of genetic mutations (outer 
ring) causing ornamental phenotypes in chickens (inner ring). Clock-
wise from top: repeat expansion causing Pea comb, inversion caus-
ing Rose comb, tandem duplication causing Duplex comb, complex 

structural variation, including translocations, causing Muffs and 
beard, single-nucleotide mutations causing Sex-linked barring, sin-
gle-nucleotide mutation causing Silky, and deletion causing Frizzled. 
Image: Shraddha Shitut
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Most novel ornaments are rarely sexually 
dimorphic

The data from domesticated birds support the assumption 
of Lande’s model that novel traits are caused by autosomal 
genetic variants and appear as sexually monomorphic traits. 
Price (2002) reviewed the genetics of ornamental traits in ten 
species of domestic birds and found that 80% show autoso-
mal inheritance. The 20% of traits with Sex-linked inherit-
ance may be biased upward because these traits are imme-
diately available for artificial selection, even when recessive 
(Price 2002). Because of female heterogameity in birds, 
these traits show female-biased expression when recessive. 
Sex-linked inheritance of recessive traits is therefore not a 
likely cause of sexual dimorphism of novel ornaments in 
birds, as sexually dimorphic ornaments in wild birds are 
overwhelmingly male biased.

Sex-linked inheritance of dominant traits may provide an 
avenue for the evolution of sexually dimorphic ornaments 
in birds. Because of incomplete dosage compensation for 
sex-linked genes in birds, dominant sex-linked traits show 
male-biased expression. This is exemplified by Sex-linked 
barring, the only sex-linked ornamental trait for which the 
causal mutation has been identified (Table 1). This pheno-
type is caused by two non-coding single-nucleotide muta-
tions and is further attenuated by two coding mutations 
(Schwochow Thalmann et al. 2017). These mutations are 
located on the Z chromosome, within the regulatory regions 
of the gene CDKN2A (Schwochow Thalmann et al. 2017). 

The causal alleles are dominant and cause barring phe-
notypes in hemizygous females and heterozygous males. 
Homozygous males show very little pigmentation due to 
incomplete dosage compensation (Schwochow Thalmann 
et al. 2017). Expression is thus strongest in homozygous 
males, although in this particular case the most attractive 
phenotype is produced by lower expression in heterozygous 
males and hemizygous females.

Sex-linked inheritance is not necessarily adaptive. It 
is possible that a trait appears as sex biased because the 
causal mutations are located on the sex chromosomes when 
selection would actually favour sexual monomorphism. The 
suggestion that sexually dimorphic expression could be a 
maladaptive effect of the genetic makeup of the trait has, to 
my knowledge, not been explored.

In addition to Sex-linked barring, one other novel trait in 
chickens (Crest) is slightly sexually dimorphic. In this case, 
males show a more voluminous crest than females (Wang 
et al. 2012). The phenotype shows autosomal inheritance 
and the causal mutation appears to be located on one of the 
microchromosomes (Wang et al. 2012). The mutation causes 
ectopic expression of HOXC8 in cranial skin (Wang et al. 
2012). HOXC8 is natively expressed in the dorsal dermis 
during embryonic development (Kanzler et al. 1997), where 
it may be involved in specifying the upper tail coverts, the 
shape of which is sexually dimorphic. Ectopic expression 
of HOXC8 may therefore reprogram the cranial dermis to 
resemble the—sexually dimorphic—dorsal dermis (Wang 
et al. 2012). Male-biased sexual dimorphism of the Crest 

Table 1   Novel ornamental traits in domestic birds for which the causal genetic mutations have been identified

SV Structural variant, SNP single-nucleotide polymorphism, Bp base pair

Phenotype Associated gene Mutation type Mutation impact Genetics Sexual dimorphism References

Chicken
Muffs and beard HOXB8 Complex SV Cis-regulation Autosomal incom-

plete dominant
Monomorphic Guo et al. (2016)

Sex-linked barring CDKN2A SNPs Two non-coding, 
two coding

Sex-linked domi-
nant

Dimorphic Schwochow 
Thalmann et al. 
(2017)

Silky PDSS2 SNP Cis-regulation Autosomal reces-
sive

Monomorphic Feng et al. (2014)

Ear tuft TBX1 ? ? Autosomal domi-
nant

Monomorphic Noorai et al. (2012)

Frizzle KRT75 69-Bp inframe 
deletion

Coding; alternative 
splice

Autosomal incom-
plete dominant

Monomorphic Ng et al. (2012)

Crest HOXC8 ? Cis-regulation Autosomal incom-
plete dominant

Dimorphic Wang et al. (2012)

Naked neck BMP12 Large insertion Cis-regulation Autosomal incom-
plete dominant

Monomorphic Mou et al. (2011)

Pigeon and dove
Crest EphB2 SNP Coding Recessive Monomorphic Shapiro et al. 

(2013) and Vick-
rey et al. (2015)
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phenotype thus seems the result of a mutation affecting a 
pathway that is already sexually dimorphic. In that sense, it 
is similar to various mutations affecting male-biased comb 
phenotypes in chickens (see below).

The majority of novel traits tend to appear in sexually 
monomorphic state (Table 1; Price 2002) and it follows that 
sexual dimorphism may take time to evolve. Some cases of 
sexually monomorphic ornamentation in nature may there-
fore be explained by the absence of selectable mutations 
that render the trait dimorphic. Alternatively, if selection 
does not favour sexual dimorphism, the genetic correlation 
will be maintained.

Establishment of sexual dimorphism

None of the novel ornaments that have appeared in domestic 
birds have subsequently evolved sexual dimorphism. These 
traits therefore provide no further insight into the early 
stages of the evolution of sexual dimorphism from mono-
morphic ancestors. However, the molecular mechanisms of 
sexual dimorphism of existing dimorphic ornaments have 
been resolved in numerous cases (reviewed in Pennell and 
Morrow 2013). Several mechanisms, including the action of 
hormones, alternative splicing, translocation of key genes to 
a sex chromosome and genomic imprinting have been impli-
cated in sexual dimorphism (Pennell and Morrow 2013). For 
example, high constitutive levels of circulating estradiol in 
transgenic male chickens feminized their combs, wattles and 
plumage, demonstrating hormonal dependency of ornament 
development (Lambeth et al. 2016). Remarkably, sexual 
dimorphism in weight, spurs or gonads was not feminized 
in these transgenic males (Lambeth et al. 2016).

It would therefore seem that all that needs to evolve 
to render a novel ornament sexually dimorphic is a link 
between one of the key developmental genes and any one 
of these sexual dimorphism-inducing mechanisms. Whether 
such a route towards sexual dimorphism is open to any 
given trait will depend on the genetic architecture of the 
trait. Some traits may be easier to modulate than others. 
For example, there is some evidence to suggest that bird 
crests tend to be sexually monomorphic even when the rest 
of the plumage is dimorphic (Kraaijeveld 2014). It seems 
reasonable to expect the crest to also be subject to selection 
for sexual dimorphism and the absence of a response to be 
due to a paucity of selectable variation. Recent studies have 
identified the causal mutations of novel crests in pigeons 
and doves, which are sexually monomorphic (Shapiro et al. 
2013; Vickrey et al. 2015). If similar mutations are the cause 
of crest ornaments in wild birds, these studies may repre-
sent advances in explaining the lack of sexual dimorphism 
of these traits. The gene in which these causal mutations 
appear, EphB2, is under the influence of androgens in mice 

(Lorenzo et al. 2003), suggesting that similar hormonal 
modification might be possible in birds. Why this does not 
appear to evolve readily requires further study.

Further elaboration and diversification 
of novel ornaments

Once a novel ornament has appeared, selection may favour 
further elaboration. In nature this would normally involve 
various forms of social selection (including sexual selec-
tion), but artificial selection in domestic birds closely mim-
ics this process. For example, Schwochow Thalmann et al. 
(2017) suggested that the different mutations involved in the 
Sex-linked barring phenotype arose in sequence, whereby 
the first mutation produced a highly diluted phenotype and 
breeders subsequently favoured additional mutations that 
produced a more appealing phenotype.

Novel ornaments may be modified in different ways, 
potentially providing the basis for divergent phenotypes to 
be selected. Breeders have applied such divergent selection 
by favouring and maintaining different novel forms of exist-
ing ornaments. This has been particularly well studied in 
chicken combs. The genetic mutations causing several differ-
ent comb phenotypes have been resolved (reviewed in Hea-
don 2015). For example, multiple variations of the Duplex 
comb phenotype exist in chickens. These breeds all share a 
20-kilobase tandem duplication that causes ectopic expres-
sion of the gene EOMES in the ectoderm of the comb-devel-
oping region, leading to a double or split comb (Dorshorst 
et al. 2015). Further mutations must distinguish between the 
distinct Duplex comb phenotypes, known as Buttercup and 
V-shaped, but these have not yet been identified (Dorshorst 
et al. 2015). These and other mutations have caused a wide 
variety of comb phenotypes in chickens. Each of the novel 
comb phenotypes are caused by structural mutations that 
modulate the expression of different transcription factors 
(Headon 2015). It is noteworthy that none of these muta-
tions affect the degree of sexual dimorphism: the ancestral 
sexual dimorphism is maintained in all the mutants (see for 
example Fig. 1 in Wright et al. 2009).

In the same category of mutations that cause elaboration 
or diversification of existing ornamental traits that may or 
may not have already evolved sexual dimorphism, we find 
mutations affecting plumage colour in a range of bird spe-
cies. Price (2002) suggested that plumage colour is one of 
the traits in which new mutants that appeal to breeders occur 
most frequently. However, most mutations reduce plumage 
brightness, rather than enhance it. Several mutations causing 
plumage colour differences have been identified in for exam-
ple Budgerigars (Cooke et al. 2017) and pigeons (Guernsey 
et al. 2013). Again, in none of these cases do the mutations 
affect the degree of sexual dimorphism of the trait.
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Reversal to sexual monomorphism

Phylogenetic studies have shown that once sexual dimor-
phism has evolved for a given ornament, it can be lost and 
regained easily (Wiens 2001; Price and Eaton 2014). While 
not studied directly in domestic birds, the loss of dimor-
phism in the direction of increased female ornamentation 
is straightforward. Sexual dimorphism in several bird orna-
ments, most notably in plumage colour, is achieved through 
hormonal suppression of ornament development (Kimball 
and Ligon 1999). In such cases, all that is needed for female 
ornamentation to reappear is altered hormone levels or sen-
sitivity. Ovariectomy leads to the development of male-like 
plumage in female birds (Owens and Short 1995). Similarly, 
females that start developing male-like plumage later in life, 
when hormone levels presumably change, are observed with 
some regularity (Owens and Short 1995).

The reverse does not happen: castration does not result 
in female-like plumage in male birds (Owens and Short 
1995). Instead, the production of female-like plumage in 
males (i.e. a change to monomorphic dull plumage) appears 
to require an increase in oestrogen levels. An interesting case 
in point is the Henny feathers phenotype in chickens. This 
phenotype is caused by an autosomal dominant mutation that 
causes males to express female-like plumage (Matsumine 
et al. 1991). While the precise mutation has not yet been 
identified, it is known that males carrying this phenotype 
express an alternatively spliced variant of aromatase mes-
senger RNA as a result of the activity of a promoter element 
contained in an endogenous retrovirus located upstream of 
the aromatase gene (Matsumine et al. 1991). Aromatase is 
an enzyme that converts androgens to oestrogen. Ectopic 
expression of aromatase leads to oestrogen production in the 
skin, where it is normally not found in males (Matsumine 
et al. 1991). Aromatase expression in these birds is sensitive 
to 5-azacytidine treatment (Leshin 1985), suggesting a role 
for DNA methylation.

The hormonal basis of sexual dimorphism of ornamen-
tal traits in birds implies that selection of hormone levels 
or associated (behavioural) traits could lead to increased 
or decreased levels of dimorphism as a pleiotropic effect 
(Kraaijeveld and Reumer 2008). While there are currently no 
known examples of this in (domestic) birds, this possibility 
further cautions against assuming adaptive explanations for 
(the lack of) sexual dimorphism.

Discussion

Most novel ornaments in domestic birds appear as sexually 
monomorphic traits as a result of mutations that affect the 
expression of key developmental genes. Whether similar 

mutations underlie the striking ornaments in wild bird spe-
cies remains to be seen. Several of the mutations uncovered 
in domestic birds reduce fitness, sometimes severely. The 
Silky feather phenotype is flightless and has poor thermoreg-
ulation (Feng et al. 2014), homozygosity for the Ear tuft 
mutation is lethal (Noorai et al. 2012) and the original muta-
tion that causes the Rose comb phenotype also impairs fer-
tility (Imsland et al. 2012). Such fitness-reducing mutations 
can be maintained in domestic birds when they are favoured 
by breeders. In populations of wild birds, they may similarly 
be maintained when they are favoured by mate choice or 
other social interactions. Furthermore, drift effects in small 
populations can also result in the fixation of (mildly) del-
eterious mutations. Subsequent evolution will then favour 
additional mutations that ameliorate the deleterious effect. 
This is exemplified by the Rose comb mutation in chick-
ens, in which the original mutation caused reduced sperm 
motility and thus impaired fertility (Imsland et al. 2012). A 
secondary mutation in the same genomic region restored 
fertility (Imsland et al. 2012). Such a compensatory muta-
tion is likely to be a pervasive force in evolution (Denver 
et al. 2010).

Once a new ornamental trait has established, subsequent 
mutations can cause further elaboration and diversification 
of the trait. Furthermore, sexual dimorphism may evolve 
through a variety of mechanisms, which may be easier for 
some traits than for others. Therefore, both selection and 
constraints are likely to play a role in the evolution of sex-
ual dimorphism, and their relative importance may differ 
between traits.

While the cases reviewed in this paper are largely con-
sistent with Lande’s model in terms of sequence of evo-
lutionary events, it is worth noting that some assump-
tions of this model are not supported. In particular, Lande 
(1980) assumed both traits and sexual dimorphism to be 
highly polygenic. This meant that the evolution of sexual 
dimorphism would have to be a slow process, as each gene 
involved in ornament development would have to evolve 
sexually dimorphic expression independently. Ornamental 
traits in domestic birds, however, show that ornaments can 
be caused by single mutations of large effect and thus appear 
more or less instantaneously. Likewise, sexual dimorphism 
may be gained by linking the expression of a key gene in 
the developmental pathway to an existing sexually dimor-
phic signal. Again, it would seem that sexual dimorphism 
may appear instantaneously, although we have no actual 
examples of this happening. Therefore, while the studies 
discussed here support the sequence of events leading to sex-
ually dimorphic ornamentation proposed by Lande (1980), 
they do not support the postulated slow and gradual mode 
of ornament evolution.

Based on these considerations, I propose that sexually 
monomorphic ornaments in birds may include traits that (1) 
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never evolved dimorphism because selection did not favour 
it; (2) are under positive selection for dimorphism, but are 
difficult to modulate; (3) could be modulated easily, but are 
selected for monomorphism; and (4) are a side-effect of 
selection on hormone levels, rather than on the ornament 
itself. The relative contribution of each of these processes to 
the diversity of sexually monomorphic ornaments in nature 
awaits further study. More generally, future studies on wild 
birds could be targeted using information from domestic 
birds, while further studies on domestic birds could address 
outstanding questions arising from patterns observed in wild 
birds. As first priorities, such studies should include scrutiny 
of the genes that cause novel ornaments in domestic birds 
in the genomes of wild birds and searching or selecting for 
domestic bird lineages in which the degree of sexual dimor-
phism has changed.
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