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Abstract
The effect of sexual selection on extinction risk remains unclear. In theory, sexual se-
lection can lead to both increase and decrease extinction probability depending on the 
ecology of the study system. Thus, combining different groups might obscure patterns 
that can be found in groups that share similar ecological features. Using phylogenetic 
comparative analysis, we studied sexual plumage dimorphism in relation to the per-
ceived risk of extinction in hirundines (subfamily: Hirundininae), in which all species 
are socially monogamous aerial foragers. Among the 72 species studied, five species 
are facing a perceived threat of extinction. Species with sexually dimorphic plumage 
had a higher risk of extinction than did species with sexually monomorphic plumage. 
Likewise, when focusing solely on tail ornamentation, species that exhibit a sexual di-
morphism in tail length had a higher risk of extinction than did other species. In 
Hirundininae, which are affected a great deal by severe weather, sexual selection and 
the resultant sexual dimorphism would increase extinction risk.
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1  | INTRODUCTION

The effect of sexual selection on extinction risk attracts the attention 
of modern evolutionary biologists, because the direction in which 
sexual selection affects extinction risk is not straightforward at least 
in theory (e.g., Candolin & Heuschele, 2008; Kokko & Brooks, 2003; 
Martínez- Ruiz & Knell, 2017). For example, Martínez- Ruiz and Knell 
(2017) recently showed that whether sexual selection exerts a positive 
or negative effect on extinction risk depends on several factors, such 
as the condition dependence of sexually selected traits, fecundity, and 
nature of environmental variability (also see Kokko & Brooks, 2003 for 
high extinction risk when sexual selection results in fecundity costs to 
females). This indicates that sexual selection did not have the same 
effect in all study systems. Rather, the specific details of the ecology 
of the study system will determine whether sexual selection leads to 
positive or negative effect on extinction risk (Martínez- Ruiz & Knell, 
2017).

Using a phylogenetic comparative analysis, Morrow and Pitcher 
(2003) found no detectable relationship between sexual plumage 

dimorphism and extinction risk (i.e., an index of the perceived risk of 
extinction based on the International Union for the Conservation of 
Nature (IUCN) Red List; Fisher & Owens, 2004) in birds. Because they 
found a significant positive association between testis size and extinc-
tion risk, they concluded that sexual plumage dimorphism, and thus 
sexual selection of plumage characteristics, should be less important. 
Still, as noted above, several factors affect the impact of sexual selec-
tion on extinction risk, and thus combining different groups might 
obscure patterns that can be found in groups that share similar eco-
logical features. This is already pointed out in the analysis of the fate 
of birds introduced to islands, in which the relationship between sex-
ual selection and introduction success is taxon- specific (e.g., McLain, 
Moulton, & Redfern, 1995; Moulton, Mclain, & Moulton, 2009; Sorci, 
Møller, & Clobert, 1998). The relationship between sexual selection 
and extinction risk should be studied using a clade with similar eco-
logical features (also see Bro- Jørgensen, 2014; and citations therein 
for the taxon specificity of predictors of extinction risk in mammals).

Here, we investigated the relationship between sexual plumage 
dimorphism and extinction risk in hirundines (subfamily: Hirundininae). 
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In the Hirundininae, all species are socially monogamous with biparen-
tal care (Turner & Rose, 1994). Moreover, they are highly specialized to 
aerial foraging and thus may experience different selection pressures 
compared to the rest of passerines. In fact, Huber, Turbek, Bostwick, 
and Safran (2017) recently found a reversal of the correlation between 
migration and wing shape (pointedness, here) found in other avian 
taxa, indicating the importance of taxon- specific analysis in these 
aerial insectivores. Although sexual selection on socially monogamous 
species is classically thought to be weak, this is not always the case 
(Andersson, 1994). As is shown in the barn swallow, Hirundo rustica, a 
well- known model species of sexual selection, sexually selected orna-
mentation can evolve and be maintained by several sexual selection 
mechanisms, including the Darwin–Fisher mechanism (i.e., benefits 
of early breeding by attractive males), extrapair paternity, and differ-
ential parental investment (i.e., females paired with attractive males 
had higher reproductive investment: reviewed in Møller, 1994, 2003; 
Turner, 2006). Intense sexual selection associated with these mecha-
nisms may shape the evolution of sexual dimorphism (Møller, 2003).

Using a phylogenetic comparative analysis, we first studied the 
relationship between sexual plumage dimorphism (in all plumage- 
based characteristics) and extinction risk. Then, because long tails have 
been acquired and lost repeatedly in this clade (Johnson, Mitchell, & 
Brown, 2016), and because long tails are well- known sexually selected 
traits at least in the barn swallow H. rustica (see above), we also 
determined whether sexual tail dimorphism explained extinction risk. 
Hirundines are affected great deal by environmental changes, because 
they require adequate weather to feed (e.g., heavy rain, drought, and 
cyclone lead to population decline, population crash, and large- scale 
mortality; reviewed in Turner & Rose, 1994). Such a drastic environ-
mental effect would be particularly costly in highly ornamented spe-
cies (e.g., longer- tailed swallows exhibit reduced aerodynamic ability 
and thus have survival and fecundity costs; Møller, 1994; Hasegawa 
& Arai, 2017). For these reasons, we predicted that sexually dimor-
phic hirundines have a higher extinction risk than do monomorphic 
hirundines.

2  | MATERIALS AND METHODS

2.1 | Data collection

As in previous studies (Hasegawa & Arai, 2017; Hasegawa, Arai, & 
Kutsukake, 2016), morphological information (i.e., wing length, and 
sexual dimorphism/monomorphism in wing and tail length: note that 
male’s wing length was the only measurement used, while sexual 
dimorphism/monomorphism is binary variable) and migratory habits 
(migrants and others) were obtained from Turner and Rose (1994). 
Detailed information is provided in previous studies (Hasegawa & 
Arai, 2017; Hasegawa et al., 2016). For sexual plumage dimorphism, 
we used plates in del Hoyo and Collar (2016), because Turner and 
Rose (1994) lack some illustrations of males and females, even when 
they markedly differed (e.g., Hirundo smithii). Species were classified 
as sexually dimorphic when males and females had distinctive plum-
age, that is, when both male and female are depicted in the plates in 

del Hoyo and Collar (2016). In the plate of del Hoyo and Collar (2016), 
a single bird in breeding plumage is depicted for species with little 
or no sexual dimorphism while both male and female are depicted in 
breeding plumage for sexually dimorphic species (i.e., we followed this 
criteria: see del Hoyo & Collar, 2014 for the explanation). An alterna-
tive approach using the degree of sexual dimorphism as a continuous 
variable, for example, log(male tail length) −log(female tail length), was 
not adopted in the current case, because the accurate estimate is diffi-
cult to obtain from species with scarce information, and because sex- 
specific information cannot be obtained from some “monomorphic” 
species even when they show some degree of sexual dimorphism in 
measurements (note that, when multiple traits such as tail fork depth 
and plumage coloration are involved, degree of sexual dimorphism 
is difficult to compare even in well- known species: For example, 
whether H. smithii has a higher degree of sexual dimorphism than 
Progne subis). We also collected information from the IUCN red list 
using del Hoyo and Collar (2016). We regarded “threatened species” 
(i.e., critically endangered, endangered, and vulnerable) as species fac-
ing a perceived threat of extinction, as in previous studies (Morrow & 
Pitcher, 2003; reviewed in Fisher & Owens, 2004). Other species (i.e., 
least concerns) were deemed at lower risk (note that near threatened 
is absent in the current data set). In total, we obtained data from all 72 
species listed in Turner and Rose (1994). The data set for this study is 
given in Table S1.

2.2 | Phylogenetic comparative analysis

We conducted phylogenetic logistic regression analyses using the 
function phyloglm in the R package “phylolm” (Ho & Ané, 2014). To 
account for phylogenetic uncertainty, we fitted the models to each 
tree and applied multimodel inference using 1,000 alternative trees of 
swallows from birdtree.org (Garamszegi & Mundry, 2014; Hasegawa 
& Arai, 2017). We derived model- averaged mean coefficients, SEs, 
and 95% confidence intervals (CIs) via model averaging. We also pre-
sented the α value, which is associated with phylogenetic signals with 
larger values indicating greater rates of transitions (Ives & Garland, 
2010). To visually check replicated co- distribution (Maddison & 
FitzJohn, 2016), we also presented an example of ancestral charac-
ter reconstruction using the functions “ace” in the R package “ape” 
and “plotTree” in the R package “phytools” (Revell, 2012). Although 
there are only a few vulnerable species (N = 5), within- clade pseu-
doreplication should be negligible in the current case, because both 
sexual plumage dimorphism and vulnerable species appear scattered 
in the Hirundininae (i.e., not clustered in a specific clade). In fact, 
when we applied a threshold model to the subset of 1,000 alternative 
trees (function “threshBayes” in the R package “phytools”), which is 
immune to within- clade pseudoreplication, we obtained qualitatively 
similar results (i.e., a significant effect of sexual plumage dimorphism, 
although sexual tail dimorphism can be marginal in some cases; see 
Figure S1 for some examples). When we investigated the variance 
inflation factor (VIF) values using function “vif” in the R package “car” 
(Fox & Weisberg 2011), max VIF was 2.55, and thus, there was no 
clear indication of a problem (VIF >10 is problematic; Mundry, 2014).
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3  | RESULTS

Among the 72 species studied, five species are facing a perceived 
threat of extinction, and four of them exhibit obvious sexual plumage 
dimorphism (Figure 1). We found a significant association between 
sexual plumage dimorphism and the perceived risk of extinction 
(Table 1a): Species with sexual plumage dimorphism had a higher 
extinction risk than did other species (also see Figure 1). The odds 
ratio of the relationship was 17.99, indicating that sexually dimorphic 

species had ca. 18 times higher probability to be threated than mono-
morphic species. Although we included two potential confounding 
variables, log(wing length) and migratory habits (i.e., migrants or not), 
these variables were not significant (Table 1a).

We further studied whether sexual dimorphism in tail length can 
explain extinction risk. For this purpose, we included sexual wing 
dimorphism as a covariate to account for sexual size dimorphism. In 
this analysis, we found that species with sexual tail dimorphism, but 
not sexual wing dimorphism, had a higher extinction risk (Table 1b). 

F IGURE  1 Example of ancestral character reconstruction of sexual plumage dimorphism. Cyan (pale gray in print) and black circles at tips 
indicate sexually dimorphic and monomorphic species, respectively. Likewise, the proportions of cyan (pale gray in print) and black in nodes 
indicate the probability of sexually dimorphic and monomorphic states. Vulnerable species are indicated in red (gray in print)
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The odds ratio of the relationship was 12.06, indicating that sexually 
dimorphic species had ca. 12 times higher probability to be threated 
than monomorphic species. Again, log(wing length) and migratory hab-
its were not significant (Table 1b).

4  | DISCUSSION

As predicted, we found that species with sexually dimorphic plum-
age have a higher extinction risk in the Hirundininae, in part due to 
the sexually dimorphic tail length. We controlled for phylogenetic 
inertia, body size, and migratory habits; thus, these variables might 
not confound the observed pattern. This observation contrasts with 
Morrow and Pitcher (2003), in which relationship between sexual 
dimorphism and extinction risk was not detected across birds. The 
discrepancy between the two studies can be explained if combining 
different groups might obscure patterns that can be found in groups 
that share similar ecological features (i.e., hirundines, here; Martínez- 
Ruiz & Knell, 2017).

A simple theoretical model suggests that a catastrophe may lead 
to extinction of species with sexually selected traits, while nonsex-
ually selected species persist (Kokko & Brooks, 2003). Rare, severe 
weather leads to population decline, population crash, and large- 
scale mortality in hirundines that are aerial insectivores (Turner 
& Rose, 1994), and such catastrophic events might drive sexually 
dimorphic species to face a higher perceived risk of extinction due 

to the cost of ornamentation (e.g., reduced aerodynamic ability of 
long- tailed swallows; also see Møller, 2000 for a similar argument). 
Although the burden of bearing ornamentation is not added to that 
of environmental stress when species plastically reduce ornamenta-
tion expression in response to environmental stress (via condition 
dependence; Martínez- Ruiz & Knell, 2017), this is not the case in 
hirundines. They do experience sudden environmental changes (see 
above), and their plumage ornamentation has limited plasticity after 
the molting period.

Also, intra-  and interlocus sexual conflict might matter (Kokko 
& Brooks, 2003): If sexually selected traits, which are beneficial in 
males result in fecundity costs to females, it may lead to extinc-
tion. Ornamentation that trades off with reproductive investment 
(e.g., provisioning of nestlings; Møller, 1994) should constrain the 
evolution and maintenance of female ornamentation. This intralo-
cus sexual conflict can be partially resolved by the evolution of sex-
ual dimorphism (Chenoweth, Doughty, & Kokko, 2006; Fitzpatrick, 
Berglund, & Rosenqvist, 1995). However, in hirundines, which are 
socially monogamous with biparental care (Turner & Rose, 1994), 
females paired with highly ornamented males should have addi-
tional costs due to the low reproductive investment of mates (i.e., 
interlocus sexual conflict). Such costs would be particularly high 
during severe weather (see above). It remains to be clarified whether 
similar pattern can be found in other taxa with similar ecological 
features (e.g., swifts). Lastly, sexually dimorphic clades might have 
more speciation events, and the resultant young species might have 
a higher perceived risk of extinction. This explanation is unlikely in 
the current case, as the branch length of species with and without 
extinction risk is not so different (Figure 1).

In the current study, we found an association between sexual 
plumage dimorphism and extinction risk in the Hirundininae, which 
contrasts with no detectable relationship between sexual dimor-
phism and extinction risk when different groups of birds are com-
bined (Morrow & Pitcher, 2003). Shared ecological features of the 
Hirundininae, such as aerial foraging and social monogamy, might 
explain the relationship. Nonetheless, our data set could not clarify 
the relative importance of these and other factors due to the lim-
ited information available (e.g., fecundity, inbreeding depression, 
Allee effects, and so on), which remains to be clarified using other 
taxa.
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TABLE  1 Multivariable phylogenetic logistic regression model 
predicting the probability of vulnerability to extinction in relation to 
(a) sexual plumage dichromatism and (b) sexual size and tail 
dimorphism (both: N = 72)

Coefficient ± SE 95% CI

(a) Overall plumage

Sexual plumage 
dimorphism

2.89 ± 1.02 0.89–4.89

log (wing length) 1.75 ± 4.02 −6.12–9.62

Migratory habits 
(migrants = 1)

−1.16 ± 1.08 −3.28–0.96

Model- averaged 
alpha value = 0.16

(b) Wing and tail dimorphism

Sexual dimorphism in 
wing length

1.94 ± 3.26 −4.45–8.34

Sexual dimorphism in 
tail length

2.49 ± 1.24 0.06–4.92

log (wing length) −3.19 ± 4.35 −11.72–5.34

Migratory habits 
(migrants = 1)

−1.96 ± 3.18 −8.20–4.28

Model- averaged 
alpha value = 0.20

Model- averaged coefficients, SE, and 95% confidence intervals (CI) are 
shown. Significant results (i.e., 95% CI does not contain zero) are indicated 
in bold.
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