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Sex differences in song and plumage color do not evolve
through sexual selection alone: new insights from recent research
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Abstract

Recent studies show that traits long recognized as sexually selected ornaments, such as the bright plumage colors and melo-
dious vocal displays of songbirds, have evolved in surprising ways. Male plumage colors are generally more elaborate and
diverse than female colors, and in many species only males sing, so both of these dimorphisms are widely presumed to have
evolved through sexual selection on males. Yet, in multiple widely divergent songbird clades, sexual differences in colors
and songs have evolved through losses in females rather than gains in males. Indeed, changes in female phenotypes may be
the principle driving factor affecting such sexual dimorphisms in most songbirds. Sexual dichromatism and song dimorphism
also tend to be associated with life history traits other than mating system, such as seasonal migration or territorial behaviors.
Altogether, these recent findings support the view that sexual dimorphism is an evolutionary byproduct of multiple, different
selection pressures acting on each sex rather than just sexual selection on males. Researchers should therefore be cautious to
avoid assuming that dimorphism itself is a character solely reflecting levels of sexual selection in species.
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Introduction the most melodious or beautiful males, according to their
standard of beauty, might produce a marked effect” (Darwin
1859). The striking color patterns and complex vocalizations
of male songbirds, and concomitant differences between the
sexes in these features, are thought to have evolved primar-
ily through female choice and competition among males
(Andersson 1994).

Males are often more elaborate and conspicuous than

females in their colors and sounds, especially in northern

“Thus it is, as I believe, that when the males and
females of any animal have the same general habits
of life, but differ in structure, color, or ornament, such
differences have been mainly caused by sexual selec-
tion” (Darwin 1859).

The elaborate songs and plumage colors of birds have

long been considered textbook examples of sexually selected
ornaments (Andersson 1994; Hill and McGraw 2006; Catch-
pole and Slater 2008). Darwin himself referred to these traits
in outlining his theory of sexual selection, suggesting that
“female birds, by selecting, during thousands of generations,
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temperate passerine species, which have been the focus of
many studies to date (Marler and Slabbekoorn 2004; Hill
and McGraw 2006). Females of these species are often rela-
tively drab in comparison to males and rarely sing. Male
songs and plumage colors also appear more diverse across
taxa, whereas females are harder to distinguish, a fact well
known to novice bird watchers who generally focus on males
rather than females when learning to identify species (Sibley
2001). Given these patterns of elaboration and diversity, it
is perhaps not surprising that past evolutionary changes in
plumage and song are often assumed to have occurred pri-
marily in males (Darwin 1859, 1871).
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Surprises in the evolution of sexual
dichromatism

Yet, studies in recent decades seem to challenge these
views. In one of the first phylogenetic comparative studies
of plumage evolution, Irwin (1994) showed that variation
in sexual dichromatism across the New World blackbird
family (Icteridae) is largely explained by past evolution-
ary changes in females rather than in males. Reconstruc-
tions of ancestral character states using color data from
both sexes revealed greater evolutionary lability in female
colors than in male colors, with females of some spe-
cies having bright or iridescent plumage like males, and
females of other species having dull or brown plumage that
is strikingly different from that of males.

Irwin’s (1994) paper was among a succession of inno-
vative studies that used phylogenetic approaches to inves-
tigate avian plumage and behavioral evolution, follow-
ing the popularization of these methods by Brooks and
McLennan (1991), Harvey and Pagel (1991), and Martins
(1996). These studies revealed that sexual dimorphisms
can evolve through changes in either sex away from or
toward a shared pattern, rather than just through changes
in males (Wiens 2001; Badyaev and Hill 2003). Burns
(1998), for example, showed that the evolution of sexual
dichromatism in tanagers (Thraupidae) has involved more
frequent plumage changes in females than in males (but
also see Shultz and Burns 2017). Simpson et al. (2015)
showed similar evolutionary patterns in New World war-
blers (Parulidae). Likewise, using quantitative spectrome-
ter measurements of color rather than human visual scores,
Hofmann et al. (2008) showed that sexual dichromatism in
the New World orioles (genus Icterus) has evolved through
losses of bright colors in females rather than gains of these
colors by males. Males and females had similarly colorful
plumage in the tropical common ancestor of the genus.

Perhaps counterintuitively, studies have found rela-
tively frequent past changes in female colors despite the
fact that male colors appear more elaborate and diverse
across species today. This was illustrated in a recent study
of New World blackbird taxa (Price and Eaton 2014). Male
colors are significantly more divergent among taxa than
are female colors, yet female plumage colors have changed
more dramatically in the evolutionary past. Similar pat-
terns were found in Australasian fairy-wrens (Maluri-
dae), in which Johnson et al. (2013) used a model-based
approach to show that male plumage colors have diverged
among species at relatively steady rates, while female
coloration has changed rapidly in some lineages and lit-
tle in others. Both blackbirds and fairy-wrens include a
variety of strikingly colored males, with plumage that
clearly play a role in male reproductive success (Searcy

@ Springer

and Yasukawa 1995; Rowley and Russell 1997; Jaramillo
and Burke 1999). Nevertheless, within these and other pas-
serine clades, female colors have changed more frequently
and dramatically, repeatedly converging on similar cryptic
color themes that make them appear as if they have not
changed much at all (Burns 1998; Hofmann et al. 2008;
Johnson et al. 2013; Price and Eaton 2014).

Sexual dichromatism is widely presumed to reflect rela-
tive levels of sexual selection, with polygynous species
exhibiting higher levels of dichromatism than monogamous
species. Researchers have even used sexual dichromatism as
a proxy for sexual selection (e.g., Seddon et al. 2013). Yet
few studies have found evidence for this relationship (Bady-
aev and Hill 2003; Dale et al. 2015; Dunn et al. 2015; Price
2015; Shultz and Burns 2017). In both the New World ori-
oles and New World warblers, for instance, sexual dichroma-
tism shows no relationship with mating system and instead is
significantly associated with seasonal long-distance migra-
tion (Friedman et al. 2009; Simpson et al. 2015). Migra-
tion has evolved repeatedly in these two clades along with
relatively dull female plumage from brightly colored female
ancestors. Studies of other songbird groups have found asso-
ciations between sexual dichromatism and a variety of life
history factors other than mating system, including breeding
latitude (Johnson et al. 2013) and nesting behaviors (Martin
and Badyaev 1996; Soler and Moreno 2012; Drury and Bur-
roughs 2016, but see Matysiokov4 et al. 2017).

The life history correlates of sexual dichromatism can
differ even within a single taxonomic family, as illustrated
by the New World blackbirds. This diverse family includes
three well-studied sister clades (Fig. 1): the grackles and
allies, the New World orioles, and the oropendolas and
caciques (Jaramillo and Burke 1999). In the grackles and
allies, levels of dichromatism are significantly associated
with social mating system, with polygynous taxa being more
dichromatic than monogamous taxa (Irwin 1994; Price and
Eaton 2014). In the orioles, in contrast, sexual dichromatism
is not related to mating system but is significantly associated
with migratory behavior (Friedman et al. 2009). And, finally,
in the oropendolas and caciques, no one species is notably
dichromatic, yet plumage colors in both males and females
have diverged more rapidly among polygynous species than
among monogamous species, strongly indicating that color
patterns have changed under the influence of sexual selection
(Price and Whalen 2009). Why dichromatism is associated
with polygynous mating systems in the grackles and allies
but not in the oropendolas and caciques is not well under-
stood. But, clearly, the evolution of sexual dichromatism in
birds is more complicated than we often assume.
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(a) Sexual dichromatism
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Fig. 1 Ancestral state reconstructions of a sexual dichromatism and
b female song, calculated using unordered parsimony on a molecu-
lar phylogeny of the New World blackbird family. Both are scored as
binary characters, with sexual dichromatism scored based on whether
the sexes have plumage that is similar or notably different, often with
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relatively cryptic females (from Jaramillo and Burke 1999; Hofmann
et al. 2008; Price and Eaton 2014), and with female song scored
based on whether females sing as frequently as males or sing less fre-
quently, if at all (from Price et al. 2009). Four major subclades within
the family are indicated on the right
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Surprises in the evolution of singing
behavior

Phylogenetic studies of bird song have revealed evolution-
ary patterns that are surprisingly similar to the evolution
of sexual dichromatism (Price 2015). Both show relatively
frequent changes in females, often in the same lineages
(Fig. 1). A recent comparative study by Webb et al. (2016)
found a significant positive correlation between the pres-
ence of female song and elaborate female plumage colors
across songbirds, reflecting the evolution of reduced sex-
ual dimorphisms in both of these traits. Songs and plum-
age colors are often viewed as different types of traits, one
as a behavioral and the other as a morphological feature,
yet both can involve anatomical differences between the
sexes, whether in neuroanatomy (Gahr 2007) or in pigment
or structural colors (Hill and McGraw 2006). Furthermore,
although they are often treated as discrete binary charac-
ters, both actually vary continuously across taxa (Price
2015). The New World blackbird clade includes species
in which female song has never been recorded (e.g., Stur-
nella neglecta), others in which females sing occasion-
ally (Icterus spurius), still others in which both sexes sing
at similar rates (Agelaius assimilis), and even species in
which the sexes combine their songs into highly coordi-
nated duets (Dives dives) (Price 2009; Odom et al. 2015).
Color differences between males and females vary along
a similar continuum, from strikingly different to virtually
identical (Price and Eaton 2014). Both songs and colors
are used as signals during mate choice and, when they do
differ between the sexes, males are typically more con-
spicuous, elaborate, and diverse (Andersson 1994). Thus,
both are widely presumed to have evolved through sexual
selection on males (Darwin 1859, 1871).

As in sexual dichromatism, sexual differences in singing
behavior have generally evolved through losses in females
rather than gains in males (Price et al. 2009; Odom et al.
2014). Phylogenetic analyses of New World blackbird
taxa show that both sexes sang in tropical ancestors and
that female song has since been lost multiple times inde-
pendently, resulting in current species in which primar-
ily males sing (Fig. 1b; Price 2009; Price et al. 2009).
Likewise, in a more extensive analysis of all songbirds,
Odom et al. (2014) showed that females sang in ancestors
and that the absence of female song in so many songbird
species today is due to multiple evolutionary losses. Given
that nearly all male songbirds sing (Catchpole and Slater
2008), these findings suggest that past changes in sing-
ing behavior have been more dramatic in females than in
males.

Why has female song been lost in so many songbird
lineages? Kleindorfer et al. (2016) showed that female
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Superb Fairy-wrens (Malurus cyaneus) that sing near or
inside their nests experience significantly higher rates
of egg and nestling predation than do quieter females,
whereas similar patterns were not found among males.
Such sex-specific effects may be common in species in
which the sexes contribute differently to parental care
(Kleindorfer et al. 2016). As with the evolution of cryptic
color patterns in females (Martin and Badyaev 1996; but
see Cain et al. 2019), perhaps the evolution of not sing-
ing is an adaptation to avoid predation. Why this might
be more important in some species than others deserves
further investigation.

Studies show that female song is much more widespread
than previously thought (Langmore 1998; Riebel 2003; Gar-
amszegi et al. 2007; Odom et al. 2014; Riebel et al. 2019),
especially among tropical songbirds (Stutchbury and Morton
2001; Slater and Mann 2004; Price et al. 2009). Approxi-
mately 71% of the species surveyed by Odom et al. (2014),
across 32 deeply divergent avian families, exhibit female
song. Previous views of bird song as a primarily male trait
may be explained in part by the fact that most previous stud-
ies have focused on temperate songbird species, in which
typically only males sing (Marler and Slabbekoorn 2004;
Catchpole and Slater 2008). Moreover, considering the high
levels of biodiversity in the tropics, and that many species
with female song are also relatively sexually monomorphic
in their plumage (Stutchbury and Morton 2001; Webb et al.
2016), female singers might frequently be assumed to be
males, thus female song may be even more common than we
currently realize (Odom and Benedict 2018).

Studies also show that song dimorphism has little direct
relationship with mating system. Singing by both sexes does
tend to occur in monogamous species, but generally only
those species that are also non-migratory and defend year-
round territories, a set of characteristics that is especially
prevalent in the tropics (Slater and Mann 2004; Price et al.
2009). Indeed, this may largely explain why female singing
is so much more common among tropical than temperate
songbirds. The tropical ancestors of the New World black-
bird family were apparently monogamous with year-round
territories (Price 2009). Female song has been lost in some
blackbird taxa along with the evolution of polygyny, but it
has also been lost with the evolution of migration and with
the evolution of colonial, non-territorial breeding (Price
2009). Female singing rates have changed for multiple
reasons in different lineages. Thus, as with sexual dichro-
matism, levels of song dimorphism do not generally reflect
levels of sexual selection.

The convergent sex roles seen in many tropical songbirds,
in which both males and females jointly defend year-round
territories, reach their most extreme form in species that
combine their vocalizations into coordinated male—female
duets (Langmore 1998; Hall 2009). Although not strictly
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a tropical phenomenon (Garamszegi et al. 2007; Benedict
2008), female singing and duetting are nonetheless more
common at tropical latitudes (Slater and Mann 2004). A
variety of life history traits have been invoked to explain
the existence of female song and duets (Langmore 1998;
Hall 2009; Price 2009; Logue and Hall 2014; Baldassarre
et al. 2016). Yet, female singing and male—female duetting
are not equivalent, with one referring to song production
by both sexes and the other including the additional step of
male—female vocal coordination. Indeed, duetting behavior
has evolved multiple times in New World blackbirds, but
only in a small subset of the taxa in which both sexes sing
(Odom et al. 2015). Furthermore, associations between duet-
ting and various life history traits disappear when female
song is controlled for, leaving the question of why duets
evolved in these particular species unaddressed (Odom et al.
2015). Understanding the evolution of this striking exam-
ple of behavioral coordination will undoubtedly be a major
avenue of future research.

Changing our perspectives

Why are recent findings about the evolution of color and
song so surprising? Certainly the remarkable prevalence
of female song reported by Odom et al. (2014) was unex-
pected given our previous disproportionate focus on north-
ern temperate songbirds in which females rarely sing. But
such geographic biases do not easily explain why we are so
surprised to learn that evolutionary changes have occurred
primarily in females rather than males. These patterns of
female change do not necessarily disagree with the results
of any previous studies. Rather, they disagree with some of
our previous assumptions about how dimorphic traits tend
to evolve (Price 2015).

For example, given the striking diversity of male plum-
age colors and vocal displays, in contrast to the relative lack
of diversity in females, especially among temperate species
(Sibley 2001; Catchpole and Slater 2008), it seems obvious
that past changes have occurred primarily in males (Darwin
1859, 1871). Yet, recent studies suggest that these different
patterns of diversity are explained by different sex-specific
evolutionary modes, with males continuously diverging in
their colors and songs (Price and Lanyon 2002; Price and
Whalen 2009; Greig et al. 2013) and females exhibiting a
more punctuated pattern of rapidly gaining or losing male-
like traits (Price et al. 2009; Johnson et al. 2013; Price and
Eaton 2014). Females of different species have repeatedly
and convergently evolved similar traits, either through the
evolution of similarly cryptic plumage or through the loss of
song, which in effect has overwritten past changes. Appar-
ently there are numerous ways for males to be visually or

vocally elaborate, but only a few ways for females to be
cryptic or quiet.

However, greater changes in females do not necessarily
indicate that female traits have been under stronger selec-
tion. Numerous studies, for instance, have shown that the
conspicuous red epaulets and buzzy songs of male Red-
winged blackbirds (Agelaius phoeniceus) are important
sexually selected signals that affect male reproductive suc-
cess (Searcy and Yasukawa 1995). Nevertheless, phyloge-
netic analyses of the Agelaius genus show that these male
traits have changed relatively little and that most changes in
plumage colors and vocalizations have occurred in females
(Fig. 1). Males across this genus are remarkably similar
in their plumage colors and songs, whereas females differ
substantially among species, with some appearing nearly
identical to males (in Agelaius assimilis, Agelaius xantho-
mus, Agelaius humeralis) and others strikingly different
(in Agelaius phoeniceus, Agelaius tricolor) (Jaramillo and
Burke 1999; Price et al. 2009; Price and Eaton 2014). But
this lack of change in males does not necessarily indicate a
lack of selection. Although selection is generally viewed as
driving evolutionary change, adaptive phenotypic characters
can also be under strong stabilizing selection and remain
unchanged for long periods of evolutionary history (Price
and Lanyon 2002). Rapid female changes may have no direct
bearing on how male traits are influenced by sexual selection
(Johnson et al. 2013; Price 2015).

The evolution of sexual dimorphism, whether through
gains or losses in males or females, involves the evolution
of sex-specific mechanisms of genetic expression, favored
in one sex but concurrently opposed in the other (Kimball
and Ligon 1999; Wiens 2001; Kraaijeveld 2014). Unlike
divergence among species, in which certain genes may
be favored in some lineages and lost in others, divergence
between males and females within a species involves auto-
somal genes that remain in both sexes but just differ in their
influences (Kraaijeveld 2014). Given that all autosomal
genes spend roughly half of their time in males and half in
females, assuming equal sex ratios, genes cannot be lost in a
species if they are expressed in one sex. Increases in sexual
dimorphism likely involve the evolution of new sex-specific
physiological pathways but not necessarily the evolution of
new genes.

Following this logic, we should expect evolutionary
losses of dimorphism to occur especially rapidly, given that
the genetic and hormonal architecture for a trait expressed
in one sex is presumably already present in the other (Kim-
ball and Ligon 1999; Price 2015). This appears to be the
case in both the New World blackbirds (Price and Eaton
2014) and Australasian fairy-wrens (Johnson et al. 2013),
in which the evolution of bright male-like plumage colors
in females has occurred relatively abruptly. This might also
explain the apparently rapid evolution of female song in a
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recently established non-migratory population of Dark-eyed
Juncos (Junco hyemalis) in California (Reichard et al. 2018).
This population originated from a larger migratory popula-
tion during the 1980s. While female song is ancestral to all
songbirds (Odom et al. 2014), it has not been recorded in the
ancestral population of these juncos, presenting the intrigu-
ing possibility that female song has been rapidly regained
(i.e., song dimorphism lost) within just a few decades.

Conclusions and future directions

These and other new findings are prompting us to reconsider
long-held assumptions about how avian plumage colors and
songs evolve, which in turn presents exciting new challenges
to our understanding of the underlying evolutionary mecha-
nisms. Current trait diversity does not necessarily reflect past
patterns of change, and current differences between the sexes
do not necessarily indicate the influence of sexual selection
alone. Sexual dimorphism is a product of different evolution-
ary mechanisms acting on each sex rather than just sexual
selection acting on males.

Future research might disentangle these various selection
pressures using an integrative approach that focuses on both
sexes simultaneously (Price 2015; Webb et al. 2016; Rie-
bel et al. 2019). Sex-inclusive studies should investigate the
function and development of both female and male signals
in individual species, allowing comparative analyses across
species and between sexes to investigate the forces driving
evolutionary change. Understanding the evolution of avian
colors and songs will provide new insights into the evolution
of sex differences in general.

Traits long-recognized as sexually selected ornaments,
even referenced by Darwin (1859) himself in initially
describing the process of sexual selection, are now known
to have evolved in ways we did not expect. Yet, rather than
contradicting past results, these new findings are important
in that they reveal some of our own biases and preconcep-
tions. Indeed, it makes one wonder what the study of avian
evolution would look like if we had the opposite biases.
What if the field of evolutionary biology had originated in
a world where brightly colored, singing females were the
norm? What if Darwin had grown up in the tropics rather
than England? Would he have wondered why the females of
so many temperate songbirds have such dull plumage colors?
Would he have asked why females do not sing rather than
why males do?

Acknowledgments I am grateful to Kristal Cain and Michelle Hall for
inviting me to participate in their International Ornithologists” Union
symposium on female ornamentation in birds. Support to attend the
symposium was provided by a faculty development grant from St.
Mary’s College of Maryland.

@ Springer

References

Andersson M (1994) Sexual selection. Princeton University Press,
Princeton

Badyaev AV, Hill GE (2003) Avian sexual dichromatism in relation
to phylogeny and ecology. Annu Rev Ecol Evol Syst 34:27-49

Baldassarre DT, Greig EI, Webster MS (2016) The couple that sings
together stays together: duetting, aggression and extra-pair pater-
nity in a promiscuous bird species. Biol Lett 12:20151025

Benedict L (2008) Occurrence and life history correlates of vocal duet-
ting in North American passerines. J Avian Biol 39:57-65

Brooks DR, McLennan DA (1991) Phylogeny, ecology, and behavior:
a research program in comparative biology. University of Chicago
Press, Chicago

Burns KJ (1998) A phylogenetic perspective on the evolution of sexual
dichromatism in tanagers (Thraupidae): the role of female versus
male plumage. Evolution 52:1219-1224

Cain KE, Hall ML, Medina I, Leitao AV, Delhey K, Brouwer L, Peters
A, Pruett-Jones S, Webster MS, Langmore NE, Mulder RA (2019)
Conspicuous plumage does not increase predation risk: a conti-
nent-wide test using model songbirds. Am Nat 193:359-372

Catchpole CK, Slater PIB (2008) Bird song, biological themes and
variations, 2nd edn. Cambridge University Press, New York

Dale J, Dey CJ, Delhey K, Kempenaers B, Valcu M (2015) The effects
of life history and sexual selection on male and female plumage
colouration. Nature 527:367-370

Darwin C (1859) The origin of species. Murray, London

Darwin C (1871) The descent of man and selection in relation to sex.
Murray, London

Drury JP, Burroughs N (2016) Nest shape explains variation in sexual
dichromatism in New World blackbirds. J Avian Biol 47:312-320

Dunn PO, Armenta JK, Whittingham LA (2015) Natural and sexual
selection act on different axes of variation in avian plumage color.
Sci Adv 1:1400155

Friedman NR, Hofmann CM, Kondo B, Omland KE (2009) Correlated
evolution of migration and sexual dichromatism in the New World
orioles (Icterus). Evolution 63:3269-3274

Gahr M (2007) Sexual differentiation of the vocal control system of
birds. Adv Genet 59:67-105

Garamszegi LZ, Pavlova DZ, Eens M, Moller AP (2007) The evolution
of song in female birds in Europe. Behav Ecol 18:86-96

Greig EI, Price JJ, Pruett-Jones S (2013) Song evolution in Maluridae:
influences of natural and sexual selection on acoustic structure.
Emu 113:270-281

Hall ML (2009) A review of vocal duetting in birds. Adv Study Behav
40:67-121

Harvey PH, Pagel MD (1991) The comparative method in evolutionary
biology. Oxford University Press, Oxford

Hill GE, McGraw KJ (2006) Bird coloration: function and evolution,
vol 2. Harvard University Press, Cambridge

Hofmann CM, Cronin TW, Omland KE (2008) Evolution of sexual
dichromatism. 1. Convergent losses of elaborate female coloration
in New World orioles (Icterus spp.). Auk 125:778-789

Irwin RE (1994) The evolution of plumage dichromatism in the New
World blackbirds: social selection on female brightness. Am Nat
144:890-907

Jaramillo A, Burke P (1999) New World blackbirds: the icterids.
Princeton University Press, Princeton

Johnson AE, Price JJ, Pruett-Jones S (2013) Different modes of evolu-
tion in males and females generate dichromatism in fairy-wrens
(Maluridae). Ecol Evol 3:3030-3046

Kimball RT, Ligon JD (1999) Evolution of avian plumage dichroma-
tism from a proximate perspective. Am Nat 154:182-193

Kleindorfer S, Evans C, Mahr K (2016) Female in-nest chatter song
increases predation. Biol Lett 12:20150513



Journal of Ornithology (2019) 160:1213-1219

1219

Kraaijeveld K (2014) Reversible trait loss: the genetic architecture of
female ornaments. Annu Rev Ecol Evol Syst 45:159-177

Langmore NE (1998) Functions of duet and solo songs of female birds.
Trends Ecol Evol 13:136-140

Logue DM, Hall ML (2014) Migration and the evolution of duetting
in songbirds. Proc R Soc B 281:20140103

Marler P, Slabbekoorn H (2004) Nature’s music, the science of bird-
song. Elsevier, San Diego

Martin TE, Badyaev AV (1996) Sexual dichromatism in birds: impor-
tance of nest predation and nest location for females versus males.
Evolution 50:2454-2460

Martins EP (1996) Phylogenies and the comparative method in animal
behavior. Oxford University Press, Oxford

Matysiokova B, Remes V, Cockburn A (2017) Broad-scale variation
in sexual dichromatism in songbirds is not explained by sex dif-
ferences in exposure to predators during incubation. J Avian Biol
48:1322-1330

Odom KJ, Benedict L (2018) A call to document female bird songs:
applications for diverse fields. Auk 135:314-325

Odom KIJ, Hall ML, Riebel K, Omland KE, Langmore NE (2014)
Female song is widespread and ancestral in songbirds. Nat Com-
mun 5:3379

Odom KJ, Omland KE, Price JJ (2015) Differentiating the evolution of
female song and male—female duets in the New World blackbirds:
can tropical natural history traits explain duet evolution? Evolu-
tion 69:839-847

Price JJ (2009) Evolution and life history correlates of female song in
the New World blackbirds. Behav Ecol 20:967-977

Price JJ (2015) Rethinking our assumptions about the evolution of bird
song and other sexually dimorphic signals. Front Ecol Evol 3:40

Price JJ, Eaton MD (2014) Reconstructing the evolution of sexual
dichromatism: current color diversity does not reflect past rates
of male and female change. Evolution 68:2026-2037

Price JJ, Lanyon SM (2002) Reconstructing the evolution of complex
bird song in the oropendolas. Evolution 56:1514-1529

Price JJ, Whalen LM (2009) Plumage evolution in the oropendolas and
caciques: different divergence rates in polygynous and monoga-
mous taxa. Evolution 63:2985-2998

Price JJ, Lanyon SM, Omland KE (2009) Losses of female song with
changes from tropical to temperate breeding in the New World
blackbirds. Proc R Soc B 276:1971-1980

Reichard DG, Brothers DE, George SE, Atwell JW, Ketterson ED
(2018) Female dark-eyed juncos Junco hyemalis thurberi produce
male-like song in a territorial context during the early breeding
season. J Avian Biol. https://doi.org/10.1111/jav.01566

Riebel K (2003) The “mute” sex revisited: vocal production and per-
ception learning in female songbirds. Adv Study Behav 33:49-86

Riebel K, Odom KJ, Langmore NE, Hall ML (2019) New insights from
female bird song: towards an integrated approach to studying male
and female communication roles. Biol Lett 15:20190059

Rowley I, Russell EM (1997) Fairy-wrens and grasswrens: Maluridae.
Oxford University Press, Oxford

Searcy WA, Yasukawa K (1995) Polygyny and sexual selection in red-
winged blackbirds. Princeton University Press, Princeton. https://
doi.org/10.1515/9781400863938

Seddon N, Botero CA, Tobias JA, Dunn PO, MacGregor HE, Ruben-
stein DR, Uy JAC, Weir JT, Whittingham LA, Safran RJ (2013)
Sexual selection accelerates signal evolution during speciation in
birds. Proc R Soc B 280:20131065

Shultz AJ, Burns KJ (2017) The role of sexual and natural selection in
shaping patterns of sexual dichromatism in the largest family of
songbirds (Aves: Thraupidae). Evolution 71:1061-1074

Sibley DA (2001) The Sibley guide to bird life and behavior. Knopf,
New York

Simpson RK, Johnson MA, Murphy TG (2015) Migration and the
evolution of sexual dichromatism: evolutionary loss of female
coloration with migration among Wood-warblers. Proc R Soc B
282:20150375

Slater PJB, Mann NI (2004) Why do the females of many bird species
sing in the tropics? J Avian Biol 35:289-294

Soler JJ, Moreno J (2012) Evolution of sexual dichromatism in rela-
tion to nesting habits in European passerines: a test of Wallace’s
hypothesis. J Evol Biol 25:1614-1622

Stutchbury BJ, Morton ES (2001) Behavioral ecology of tropical birds.
Academic Press, New York

Webb WH, Brunton DH, Aguirre JD, Thomas DB, Valcu M, Dale
J (2016) Female song occurs in songbirds with more elaborate
female coloration and reduced sexual dichromatism. Front Ecol
Evol 4:22

Wiens JJ (2001) Widespread loss of sexually selected traits: how the
peacock lost its spots. Trends Ecol Evol 16:517-523

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

@ Springer


https://doi.org/10.1111/jav.01566
https://doi.org/10.1515/9781400863938
https://doi.org/10.1515/9781400863938

	Sex differences in song and plumage color do not evolve through sexual selection alone: new insights from recent research
	Abstract
	Introduction
	Surprises in the evolution of sexual dichromatism
	Surprises in the evolution of singing behavior
	Changing our perspectives
	Conclusions and future directions
	Acknowledgments 
	References




