
        

Citation for published version:
Liker, A, Freckleton, RP & Székely, T 2014, 'Divorce and infidelity are associated with skewed adult sex ratios in
birds', Current Biology, vol. 24, no. 8, pp. 880-884. https://doi.org/10.1016/j.cub.2014.02.059

DOI:
10.1016/j.cub.2014.02.059

Publication date:
2014

Document Version
Peer reviewed version

Link to publication

http://dx.doi.org/10.1016/j.cub.2014.02.059

University of Bath

Alternative formats
If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 23. May. 2023

https://doi.org/10.1016/j.cub.2014.02.059
https://doi.org/10.1016/j.cub.2014.02.059
https://researchportal.bath.ac.uk/en/publications/18d15661-81ae-4cf1-aaac-e56cd207639c


 1 

Divorce and infidelity are associated with skewed adult sex ratios in 1 

birds 2 

 3 

András Liker
1,2,*

, Robert P. Freckleton
1
, Tamás Székely

3,4,5
 4 

 5 

1
 Department of Animal and Plant Sciences, Alfred Denny Building, University of 6 

Sheffield, Western Bank, Sheffield S10 2TN, UK 7 

2
 Department of Limnology, University of Pannonia, PO Box 158, 8201 Veszprém, 8 

Hungary 9 

3
 Biodiversity Laboratory, Department of Biology and Biochemistry, University of 10 

Bath, Bath BA2 7AY, UK 11 

4
 Department of Animal Behaviour, University of Bielefeld, PO Box 10 01 31 12 

33501 Bielefeld, Germany 13 

5
 Department for Sociobiology/Anthropology, Johann-Friedrich-Blumenbach Institute 14 

for Zoology & Anthropology, University of Göttingen, Kellnerweg 6, D - 37077 15 

Göttingen, Germany 16 

 17 

 18 

*
 Correspondence: andras.liker@gmail.com, phone: +36 88 624249 19 

 20 

Running head: Divorce and infidelity are related to sex ratio 21 

 22 

Word count (without title page, references and figure legends): 2663  23 



 2 

Summary 24 

Adult sex ratio (ASR) is a fundamental concept in population demography, and 25 

recent theory suggests that ASR plays a central role in social behaviour, mating 26 

systems and parental care [1-6]. Unbalanced ASRs are predicted to influence 27 

pair-bond and mating behaviour since the rarer sex in the population has more 28 

potential partners to mate with than the more common sex [1, 4]. Here we use 29 

phylogenetic comparative analyses to test whether ASR is related to three major 30 

aspects of mating behaviour: divorce, social polygamy and pair-bond infidelity. 31 

ASR is strongly correlated with long-term pair-bonds since divorce rate is higher 32 

in species with female-biased sex ratio, indicating that mate change by pair 33 

members and/or breaking of pair-bonds by unmated individuals is more 34 

frequent when females outnumber males. Short-term pair-bonds are also 35 

associated with unbalanced ASRs: males are more commonly polygamous when 36 

females outnumber males, and conversely, females are more polygamous when 37 

males outnumber females. Furthermore, infidelity increases with male-biased 38 

ASR in socially monogamous birds, suggesting that male coercion and/or female 39 

willingness to cheat the partner are facilitated by male-biased ASR. Our results 40 

provide the first comprehensive support for the proposition that ASR influences 41 

multiple aspects of pair-bonds and mating behaviour in wild populations. 42 

 43 

  44 
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Results and Discussion 45 

The significance of adult sex ratios 46 

Adult sex ratio (ASR, defined here as the proportion of adult males in the adult 47 

population) is one of the fundamental demographic characteristics that impacts on 48 

population growth, demography and extinctions [3, 5, 6]. Recent theoretical models 49 

predict that ASR also influences social behaviour including pair-bonds, mating 50 

behaviour and parental care [1, 2, 4]. Relationships between ASR and mating 51 

behaviour are expected since the members of the rarer sex have more potential 52 

partners to mate with, so they may obtain (or change) mate more easily than members 53 

of the common sex [1, 2, 4, 7]. For example, in a population with female-biased ASR 54 

(i.e. where females outnumber males), males may find partners more quickly than 55 

females and may mate with more partners, given the Fisherian condition [8].  56 

 57 

Although the theory for linking ASR and mating systems is relatively new, striking 58 

examples of the influence of ASR on mating behaviour and pair-bond dynamics have 59 

already been found in human societies [9-11]. For instance, divorce rates are higher in 60 

countries with female-biased ASR than with male-biased ASR [12], and more 61 

frequent divorces are reported in societies having strongly skewed local ASRs (e.g. in 62 

workplace), probably due to the higher mating opportunities of members of the rare 63 

sex [13, 14]. However, in spite of its theoretical significance, the generality of the 64 

relationships between adult sex ratio and components of mating behaviour are largely 65 

unexplored in wild populations [15, 16]. 66 

 67 

We analyse the most comprehensive dataset compiled to date (187 species from 59 68 

families) using the phylogenetic comparative method (Phylogenetic Generalised Least 69 
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Squares, PGLS) to test whether variation in ASR is related to interspecific differences 70 

in long-term and short-term pair-bonds in birds. ASR may influence long-term pair 71 

bonds by altering the frequency (or speed) of pair-bond dissolutions. ASR may also 72 

influence short-term pair bonds by altering the frequency of multiple matings, since 73 

the rarer sex has more opportunity to mate multiply than the common sex. Although 74 

recent models posit that ASR plays a prominent role influencing social behaviour and 75 

mating systems [1, 4], we are not aware of any empirical study that comprehensively 76 

explored the influences of ASR on both long-term and short-term pair-bonds. 77 

 78 

ASR and long-term pair-bonds 79 

Unbalanced ASR can destabilise pair-bonds in two major ways: first, it facilitates the 80 

rarer sex in finding a higher quality (e.g. more fertile) mate, that may then induce 81 

divorce [17].  Alternatively, the more common sex that experiences a shortage of 82 

available partners may harass (or lure away) already mated individuals and thus break 83 

up existing pair bonds [18]. Divorce rates (% of pairs that divorce from one year to 84 

the next) have an immense range in birds from 0% (e.g. swift Apus apus, wandering 85 

albatross Diomedea exulans) to 100% (house martin Delichon urbicum, grey heron 86 

Ardea cinerea; data from [19]). Although various ecological and life-history traits 87 

have been investigated to explain interspecific variation in divorce rates [17, 19, 20], 88 

the influence of ASR has not been explored.  89 

 90 

Consistently with expectation, divorce is related to ASR: divorce rates are over two 91 

times higher in species with female-biased ASR than in male-biased species (Figure 92 

1; mean [± SE] of 100 PGLS models with different phylogenies: slope = -0.239 93 

[0.001], p = 0.013 [<0.001], n = 40 species; see also Figure S1). Furthermore, ASR 94 
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remains the only significant correlate of divorce when we control for the effects of 95 

life-history variables: adult survival, chick development mode and body mass (Table 96 

S1A). ASR is also the strongest correlate of divorce when variables previously shown 97 

to influence divorce are statistically controlled for [19, 20], including the types of 98 

partnership, ornamentation and coloniality (see justification and results in 99 

Supplemental Experimental Procedures and Table S1A, respectively). Finally, the 100 

significant relationship between divorce and ASR remains when ASR is used as a 101 

continuous variable both in bivariate and multi-predictor models (Table S1B), and 102 

when phylogenetic multiple imputation is used to eliminate the possible effects of 103 

missing data in multi-predictor analyses (Tables S1A & B).  104 

 105 

The higher divorce rates in female-biased than in male-biased populations are 106 

consistent with the explanation that pair-bonded males initiate divorce more often 107 

than pair-bonded females when the ASR is unbalanced. Alternatively, unmated 108 

females may be more efficient in breaking up existing pair-bonds in female-biased 109 

populations than the unmated males in male-biased populations. Empirical studies 110 

support both of these processes. On the one hand, pair-bonded males initiate divorce 111 

in blue-footed boobies (Sula nebouxii) and in common murres (Uria aalge) in 112 

response to infidelity of their mates or to acquire a better quality partner [21, 22], and 113 

in house wrens (Troglodytes aedon) male-initiated mate-switching was more common 114 

when unmated females are available [23]. In the aforementioned cases the males 115 

deserted their previous mates, established a new territory and/or courted a female, and 116 

typically succeeded to breed with a new mate. On the other hand, unmated females 117 

can succeed breaking up existing pair-bonds: this may involve harassing established 118 

pairs, challenging and fighting with the male's previous mate, and evicting her from 119 
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the territory [24, 25]. Female harassment was proposed to explain the high divorce 120 

rate in a female-biased population of North Island brown kiwis (Apteryx mantelli) 121 

[18]. 122 

 123 

ASR and polygamy 124 

Short-term pair-bonds are also related to ASR: males are more polygamous at female-125 

biased ASR than at male-biased ASR (Figure 2A; PGLS, slope = 1.017 [0.004], p < 126 

0.001 [<0.001], n = 179  species). Conversely, female polygamy is associated with 127 

male-biased ASR (Figure 2B; slope = 0. 259 [0.003], p = 0.036 [0.001], n = 179). 128 

These results together suggest that at the short term, both males and females respond 129 

to improved mating opportunities as indicated by unbalanced ASRs. Furthermore, 130 

males are more polygamous relative to females at female-biased ASR than at male-131 

biased ASR (Figure 2C; slope = -1.396 [0.006], p < 0.001 [<0.001], n = 179). ASR 132 

remains the strongest correlate of polygamy when we control for the effects life-133 

history variables (Table S2A), and for the duration of parental care that was 134 

previously suggested to affect avian social mating systems [26] (Table S2A). Finally, 135 

the relationship between polygamy and ASR remains highly significant when ASR is 136 

used as a continuous variable both in bivariate and multi-predictor models (Table 137 

S2B). 138 

 139 

These results show that an unbalanced ASR facilitates polygamy by both males and 140 

females in a broad range of species, and thus extend previous findings restricted to 141 

one avian taxon, the shorebirds [16]. The results are also consistent with observational 142 

studies that found increased polygamy at biased adult sex ratios, for example in 143 

dunnocks (Prunella modularis) [15], blue tits (Cyanistes caeruleus) [27] and rock 144 
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sparrows (Petronia petronia) [28]. Furthermore, they are in line with experimental 145 

studies in wild populations, since polygamy by males was induced by creating 146 

female-biased local ASRs by removing territorial males in willow ptarmigans 147 

(Lagopus lagopus) and house wrens (Troglodytes aedon) [29, 30]. 148 

 149 

ASR and infidelity 150 

Pair-bond infidelity (i.e. mating with a partner outside the individual's social pair-151 

bond) is common in a wide range of taxa including birds and humans [26, 31, 32]. 152 

ASR may influence infidelity in two ways. On the one hand, if infidelity is the 153 

consequence of the females' constrained mating options [33], then the frequency of 154 

infidelity should decrease with male-biased ASR, because in male-biased populations 155 

a female can pair-bond with her preferred male. On the other hand, if infidelity is 156 

driven by male coercion through forced copulations [34], or by increased willingness 157 

of females when there are more potential males to choose from, then infidelity should 158 

increase with male-biased ASR. 159 

 160 

Our analyses do not support a general relationship between ASR and infidelity, since 161 

they are unrelated in both bivariate (slope = -0.029 [<0.001], p = 0.726 [0.004], n = 89 162 

species) and multi-predictor analyses including life-history traits and specific traits 163 

found to affect the frequency of infidelity, including male care [35-37], male 164 

polygamy [33], and clutch size [35] (see rationale and results in Supplemental 165 

Experimental Procedures and Table S3, respectively).  166 

 167 

However, ASR may influence infidelity differentially in monogamous and 168 

polygamous species for two reasons. First, monogamous males may guard their mate 169 
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more effectively than polygamous males, therefore ASR may have a weaker effect on 170 

infidelity in monogamous species than in polygynous ones. Second, females may be 171 

less constrained to mate with their preferred mate in polygamous mating systems than 172 

in monogamy, therefore ASR may have a weaker influence on infidelity in 173 

polygamous species than in monogamous ones [33]. 174 

 175 

Our results support the latter scenario. ASR and male mating system had an 176 

interactive effect on infidelity (PGLS, slope = -0.143, p = 0.007 n = 87 species): in 177 

socially monogamous species the frequency of infidelity is significantly higher in 178 

species with male-biased than female-biased ASR (Figure 3; slope = 0.336 [<0.001], 179 

p = 0.013 [<0.001], n = 51 species), whereas ASR is unrelated to infidelity in 180 

polygynous species (slope = -0.168 [0.001], p = 0.143 [0.002], n = 36 species). 181 

Furthermore, in monogamous species ASR remains the only significant correlate of 182 

infidelity in multi-predictor analyses when we control for the effects of general life-183 

history variables and specific predictors of infidelity (Table S4A). These relationships 184 

remain consistent when ASR is modelled as a continuous variable (Table S4B), or 185 

when a different cut-off line between monogamous vs. polygynous species (5% male 186 

polygamy as opposed to 1% male polygamy) is used in the aforementioned analyses 187 

(results not shown). The interaction between ASR and female polygamy on infidelity 188 

is not significant (slope= -0.086, p= 0.687, n = 86 species). 189 

 190 

To our knowledge, this is the first evidence that male-biased ASR facilitates infidelity 191 

in natural populations, primarily in socially monogamous species. Follow-up 192 

experimental studies are needed to disentangle whether the relationship between 193 

male-biased ASR and infidelity is manifested via increased frequency of forced 194 
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copulations by males, or by allowing females to shop around more extensively for 195 

extra-pair partners. Furthermore, studies are needed to investigate males in stable 196 

polygynous groups, and mate guarding behaviour of pair-bonded males since mated 197 

males may respond to biased ASR by increasing (or relaxing) mate guarding [38]. 198 

 199 

Adult sex ratios, pair-bonds and infidelity 200 

Taken together, we have shown that both short-term and long-term pair-bonds are 201 

related to ASR, although some of these relationships are more complex than 202 

theoretical models predicted. For example, infidelity is associated with skewed ASR 203 

only in socially monogamous birds. Our results are conceptually important for two 204 

reasons. First, they suggest that social environment (as indicated by ASR) may exert a 205 

significant influence on divorce, polygamy and infidelity, in addition to ecological 206 

and life-history variables that are usually emphasised by behavioural ecologists in the 207 

context of mating system evolution [26, 32], and the predictive power of ASR can be 208 

substantial [16]. They also demonstrate that both sexes respond to increased mating 209 

opportunity, although the higher frequency of male than female polygamy and the 210 

higher divorce rate in female-biased than male-biased species may indicate that males 211 

generally have a better ability to exploit mating opportunities than females. Second, 212 

variations in pair-bonds, sex roles and mating systems are often credited to 213 

operational sex ratio (OSR, the ratio of sexually active males to sexually active 214 

females) [39, 40]. OSR, however, is not an independent estimate of mating 215 

opportunity, since it is influenced by mating behaviour, parental care and post-care 216 

refractory periods [39; Székely, T., Komdeur, J. & Weissing, F., unpublished 217 

manuscript]. Our results therefore suggest that ASR, a demographic trait derived from 218 
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juvenile sex ratios, maturation times and sex specific survival of juveniles and adults, 219 

appears to exert significant effects on pair bonds, regardless of OSR [4]. 220 

 221 

In this study we use ASR as predictor and mating behaviours (pair-bonds, infidelity) 222 

as responses in the analyses. However, the relationship between these variables may 223 

be more complex. Behaviour, for instance competition for mates, may generate 224 

skewed ASR through its effects on the mortality of the sexes [41]. Furthermore, there 225 

may be feedbacks between ASR and behaviour, resulting in quick parallel changes in 226 

ASR, mating behaviour and breeding systems [4, 42, 43]. Experimental manipulations 227 

in laboratory and in semi-natural conditions made promising advances toward 228 

revealing these relationships [44-49], although further studies are needed to reveal the 229 

full implications of the positive and negative feedbacks between ASR and mating 230 

behaviour. 231 

 232 

Our results in birds show striking parallels with studies in humans: for instance, 233 

divorce rates were higher both in birds and humans in female-biased than male-biased 234 

populations [12]. ASR is also related to human mating systems, since polygamy by 235 

males increases with female-biased ASR [50], and conversely, most cases of 236 

polyandry are associated with male-biased ASR [51]. Furthermore, skewed ASR 237 

induces increased frequencies of sexual infidelity [52, 53], and sexual coercion by 238 

men [11]. Our results in wild populations put forward further topics where ASR 239 

research in humans is likely productive. For example, excellent data on human 240 

demography would allow researchers to identify the age-cohorts and socio-economic 241 

factors that may bias ASR, and to disentangle the complex relationships induced by 242 

ASR biases. For instance, sex-biased abortion may lead to heavily male-biased 243 
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contemporary societies with high rates of rape and extra-pair paternity, with knock on 244 

effects on family stability and parental behaviour [10]. 245 

 246 

Experimental Procedures 247 

We conducted an extensive literature search to collect published and unpublished data 248 

on ASR, divorce rates, social polygamy and infidelity from wild bird populations. 249 

ASR was commonly estimated in intensively studied breeding populations, although 250 

other methods were also used including demographic modeling and counting the 251 

sexes in non-breeding populations, or in samples of trapped or dead birds [16]. 252 

Annual divorce rate was measured as the percentage of pairs that divorce from one 253 

year to the next year in a population. Frequency of social polygamy was estimated for 254 

both sexes separately by using a five point scoring system (score 0: < 0.1%, score 4: > 255 

20% polygamy). We used the frequency of broods containing extra-pair offspring as 256 

proxy for infidelity frequency. Sample sizes differ between analyses because not all 257 

types of data were available for all species. 258 

 259 

We used Phylogenetic Generalized Least Squares (PGLS) with maximum likelihood 260 

estimates of Pagel’s λ values [54, 55] to analyse interspecific data, as implemented in 261 

the R package 'caper' [56]. 100 randomly chosen trees from the most recent global 262 

avian phylogenetic hypothesis [57] were used to control for phylogenetic 263 

relationships. The full details of the methods are given in the Supplemental 264 

Experimental Procedures, and we provide the data set in Table S5. 265 

 266 
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Figure legends: 419 

Fig 1. Divorce rates in wild bird populations that exhibit male-biased or female-420 

biased adult sex ratios. Divorce rate (mean ± 1 SE % of pairs that divorce from one 421 

year to the next year) is higher in birds with female-biased ASR (proportion of adult 422 

males in all adults < 0.5, pink bar) than in male-biased species (ASR > 0.5, blue bar; 423 

see text for statistics, and Figure S1 and Table S1 for supplemental results). 424 

 425 

Fig 2. Adult sex ratio and frequency of polygamous social pair-bonds in birds. (a) 426 

In males, polygamy is more frequent in species with female-biased ASR (pink bar) 427 

than in male-biased species (blue bar), whereas (b) in females polygamy is more 428 

frequent when the ASR is male-biased. Polygamy frequency is expressed as score 429 

(see Experimental Procedures). (c) Sex difference in polygamy frequencies 430 

(polygamy bias, male - female polygamy score) is higher in species with female-431 

biased than with male-biased ASR. Figure shows mean ± 1 SE (see text for statistics, 432 

and Figure S1 and Table S2 for supplemental results).  433 

 434 

Fig 3. Adult sex ratio, mating system and pair-bond infidelity. In monogamous 435 

birds (<1% polygyny, MO), pair-bond infidelity (estimated by the frequency of 436 

broods with extra-pair paternity) is higher at male-biased ASR (mb, blue bar) than at 437 

female-biased ASR (fb, pink bar). In polygynous species (>1% polygyny, PG) the 438 

frequency of infidelity does not differ significantly between female-biased and male-439 

biased species. Figure shows mean ± 1 SE (see text for statistics, and Figure S1 and 440 

Tables S3-S4 for supplemental results). 441 



 20 

 442 

 443 

 444 

 445 



 21 

 446 

 447 


