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Abstract

Sexual conflict in producing and raising offspring is a critical issue in evolutionary ecology re-
search. Individual experience affects their breeding performance, as measured by such traits of
provisioning of offspring and engagement in extra-pair copulations, and may cause an imbalance
in sexual conflict. Thus, divorce is hypothesized to occur within aged social pairs, irrespective of
current reproductive success. This concept was explored in the azure-winged magpie Cyanopica
cyanus by investigating the divorce of a social pair and its relationship to their changes in breeding
performance with prior experience. Females engaging in extra-pair copulation may intensify sexual
conflicts and may be the main reason for divorce. Once divorced, females repairing with an inex-
perienced male realized higher reproductive success than that repairing with an experienced male;
males repairing with an experienced female realized higher reproductive success than that repair-
ing with an inexperienced female. This finding indicates that the fitness consequence of divorce
depends on the breeding experience of new mates. Divorced females can obtain more extra-pair
copulations, whereas divorced males cannot, when they repair with inexperienced breeders.
Divorced females provisioned a brood at lower rates than inexperienced females whereas divorced
males had no such difference. It appears that divorced females can obtain an advantage in sexual
conflicts with inexperienced mates in future reproduction. Consequently, females are probably
more active than males in divorcing their aged mates so as to select an inexperienced male as a
new mate. Azure-winged magpies thus provide novel insights into the implications of sexual con-
flict in birds.
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In gamogenetic animals, males and females differ in their
approaches to maximize individual fitness, with males often focused
on producing offspring and females investing more in raising off-
spring (Bateman 1948; although many exceptions to this general
tenet are acknowledged). Hence, sexual conflicts between paired
males and females occur through both producing and raising

offspring (Andersson 1994; Lessells 2012). The sex that can acquire
a dominant position in sexual conflicts often over-exploits the par-
ental effort of its social mate, for example, females that engage in
extra-pair copulations (Griffith et al. 2002). The exploited sex will
be driven to make adaptive responses, among which is 1 divorce
(Smith 1984). Empirical studies have uncovered that divorce is
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widespread in birds (Choudhury 1995) and that divorce rates vary
greatly among species (Ens et al. 1996). The fitness consequences
and the reasons for divorce can be quite variable.

Current hypotheses suggest that the reasons for divorce deter-
mine their fitness consequences. In cases in which a social pair have
lower reproductive success than expected, due to incompatibility or
initial errors in mate selection, the costs of maintaining pair fidelity
will outweigh its benefits (Johnston and Ryder 1987; Triefenbach
and Itzkowitz 1998). As a result, both sides might initiate the di-
vorce and are expected to enhance reproductive success in remating
with new partners (Ens et al. 1993; Moody et al. 2005). In other
cases, if 1 partner of a social pair is ousted by a stronger competitor
(Jeschke et al. 2007; Maness and Anderson 2008) or if it loses a ter-
ritory because of late arrival, the other partner might repair (Dhondt
and Adriaensen 1994; Garcia-Navas and Sanz 2011). Under such
circumstances, divorce becomes a by-product of outside factors; and
divorced individuals do not necessarily enhance reproductive success
in their after-divorce reproduction. Therefore, to determine whether
the divorce has a positive or negative consequence to individual fit-
ness, it is essential to identify the factors that might drive a social
pair to divorce (Dhondt 2002).

Breeding performance of individuals, indexed by parental effort
in raising offspring and engagement in extra-pair copulations, may
influence the decision of divorce for a social pair, particularly be-
cause it often varies with the breeding experience of individuals
(Saether 1990; Martin 1995). On the one hand, experienced
breeders have higher resource-holding potential due to accumulated
breeding skills (Blas et al. 2009; Zabala and Zuberogoitia 2015) or
enhanced capacity because they have access to high-quality resour-
ces (Daunt et al. 2007; Martinez et al. 2008). Therefore, they are
expected to provide more parental care for offspring than their inex-
perienced counterparts and hence have reduced conflicts with their
mates over parental care. On the other hand, older breeders often
engage in a higher level of extra-pair copulations than younger
breeders (Richardson and Burke 1999; Dickinson 2001; Bouwman
et al. 2007); they are expected to intensify conflicts with their mates
over paternity. The antagonistic effects of experience on individual
breeding performance influence not only the tradeoff of paired indi-
viduals between maintaining the intact pairing and divorcing their
aging partner (Ramsay et al. 2000; Naves et al. 2006), but also that
of unpaired individuals between selecting an older, experienced
breeder and a younger, inexperienced breeder as their social mate
(Dhondt 2002). Because older, experienced breeders cope with
breeding conditions better (Hatchwell et al. 1999; Martinez et al.
2008) and can better compete with inexperienced breeders (Jaatinen
and Ost 2011), they are more likely to gain an edge in sexual con-
flicts if they pair with inexperienced breeders. That is, they provide
less parental care in raising offspring (i.e., making their social mates
contribute more to raising offspring) and/or engage in more extra-
pair copulations (or prevent their social mates from engaging in
extra-pair copulations). Consequently, when the experience-related
change of individual breeding performance causes an imbalance in
sexual conflicts of aged pairs, it may drive a social pair to divorce
and repair with a younger breeder irrespective of current reproduct-
ive success.

We tested the effect of experience-related change in breeding per-
formance on the divorce of animals in the azure-winged magpie
Cyanopica cyanus. It is a cooperatively-breeding bird that breeds on
the Tibetan Plateau in a high-density nesting pattern (20-180 nests/
ha, Ren et al. 2016). Nest predation and conspecific nest-raiding are
the main reasons for nest failure; accordingly, helpers in cooperative

groups contribute more to nest defense than to brood provisioning
(Ren et al. 2016). Parentage analyses in this Tibetan population
found a high level of extra-pair fertilizations that included both
extra-pair paternity (EPP) and maternity (EPM, Gao et al. 2018). In
such a community, EPP-cuckolded males and EPM-cuckolded
females raise unrelated young whereas EPM-cuckolded males and
EPP-cuckolded females raise only their offspring. Interestingly, a
study of parental provisioning behaviors revealed that cuckolded
breeders of the Tibetan azure-winged magpie increased parental
efforts in a nest with their offspring but did not reduce parental
efforts in nests containing extra-pair young (EPY; Gao et al. 2019).
These results indicate that sexual conflicts in social pairs of azure-
winged magpies are remarkably intense, not only over parentage but
also over parental care. In this context, the relationship between
experience-related changes of individual breeding performance and
divorce becomes a question central to understanding the evolution
ecology of Tibetan azure-winged magpie.

In this study, we addressed 1) whether the reproductive success
and breeding performance of both sexes in the current pair were cor-
related with the likelihood of the pair to divorce by the subsequent
breeding season; 2) whether reproductive success differed between be-
fore- and after-divorce breeding of divorced individuals, as well as
among social pairs formed by different—experience breeders; and 3)
whether the engagement in extra-pair copulations and provisioning of
offspring differed between experienced and inexperienced breeders.

Methods

Study area and population

This study was performed in the northeast of the Tibetan Plateau
(102.5°E, 34.6°N, height 3,400 m) from 2011 to 2019. The climate
of the region is characterized by low temperature (2.3°C) and high
precipitation (annual average of 782 mm). The typical landscape is
an alpine meadow, with shrubs composed mainly of Berberis hem-
sleyana and Hippophae rhamnoides. Azure-winged magpies prefer
to build nests on H. rbamnoides and Salix caprea in a highly-
clumped pattern. In a previous study, the breeding density ranged
between 20 and 180 nests/ha (Ren et al. 2016). The breeding season
lasts from late April to mid-September, including ~1 month of the
postfledging period. In mid-April, azure-winged magpies begin
migrating from their wintering site (in a spruce forest at a lower alti-
tude of 2,200 m) to their breeding site. Experienced breeders usually
arrive at or in the vicinity of their previous territory.

Adult banding and identification
We began to capture and band this population in 2011. Adult birds
were captured by mist net at the end of April or by scalable loops
when they provisioned the broods (Ren et al. 2016). The capture
was performed after the Wildlife Conservation Law of the 10th
National People’s Congress of China (28 August 2004). It caused no
known harmful effect to the birds as evidenced by the fact that no
nest abandoning occurred due to capture. Each adult was leg-
banded with a numbered aluminum band and a unique combination
of 2 plastic colored rings. The birds’ body mass was weighed to the
nearest 0.1g and their tarsus length was measured to the nearest
0.1 mm. About 20 uL of blood was sampled from the brachial vein
of each bird, treated with 4% EDTA in physiological saline as anti-
coagulant, and then stored in absolute ethyl alcohol.

Age of breeders that were banded when they were chicks could
be precisely determined. They were termed age 1. Breeders without
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rings and those banded when they were adults were labeled as “age
unknown.” The mating status of a breeder was determined accord-
ing to its leg rings. An individual in its first breeding attempt was
labeled as an “inexperienced breeder” and individuals in their se-
cond or later breeding attempt were labeled as “experienced
breeder.” If both sides of a social pair were experienced and
reunited, they were labeled as “intact-pairing.” If both sides were
experienced but repaired with a new partner they were labeled as
“divorced.” If only 1 side was recaptured, it was labeled as “mating
status unknown.” According to the leg rings of both sexes, the types
of social pairs were identified and included “inexperienced female/
male,” “inexperienced female/divorced male,” “divorced female/in-
experienced male,” and “experienced female/male”—a category
that included “divorced female/male” and “intact pairs.” In this
study area, azure-winged magpies brood once a year, so divorce
occurs across breeding seasons. Only individuals identified between
2013 and 2018 were used in subsequent analyses because their mat-
ing status and whether they had divorced could be determined.
Individuals with unknown age or mating status were excluded from
the analyses.

Life-history data collection

During the egg-laying period, nest contents were checked daily to as-
certain the clutch initiation date and size. For individual identifica-
tion, on the hatching day, each hatchling was marked on its
abdomen according to its hatching sequence, using a nontoxic mark-
ing pen; its body mass was then weighed to the nearest 0.1g.
Thereafter, the hatchlings’ body mass was measured every 2 days.
When chicks reached 40 g, we leg-banded and blood-sampled them
using the same method as in adults. Any missing egg or chick was
recorded as offspring loss.

Adult provisioning rates were recorded by digital camcorders
(ZX1; Eastman Kodak Company). The camcorders were positioned
on tripods, fixed 1 m diagonally above the nest during nest construc-
tion. This procedure minimized disturbance to the adults with no
nest abandoning having occurred because of the presence of the tri-
pod and camcorder. Recordings were performed every 2 days be-
tween 09:00 and 12:00. A total of 1,400 h of provisioning behaviors
of adults in 250 nests (mean = standard errors [SEs], 5.6 = 0.1h)
were recorded. Data on the number of feeding bouts per hour were
extracted from the video recordings and the identity of provisioner
was determined based on the leg bands.

Parentage analysis

Genomic DeoxyriboNucleic Acid (DNA) was extracted from blood
samples using a genomic DNA kit (Tiangen Biotech Co., Beijing,
China). Ten primer pairs of polymorphic microsatellites were used
to perform genotyping (Supplementary Appendix I, Gao et al.
2018). A polymerase chain reaction (PCR) system of 10uL was
composed of 1 x buffer, 1.5mM MgCl,, 100nM of each primer,
200 nM of each deoxy-ribonucleoside triphosphate (INTP), 0.5 U of
Taq DNA polymerase, and 100 pg genomic DNA as the template.
The PCR program started with a predenaturation step at 94°C for
5 min, which was then followed by 35 cycles of 95°C for 30's, 47.5—
59°C (Gao et al. 2018) for 30s, and 72°C for 30s. The program
ended with a final extension step at 72°C for 5 min. About 2 pL of
the PCR product was separated on 6% polyacrylamide gel and
bands were then silver-stained. DNA profiles were inspected to iden-
tify putative alleles, based on which the genotype of each was
scored. Cervus was used to perform parentage analysis (Kalinowski

et al. 2007). We first used parentage exclusion to identify EPY in
each nest, then we used the parentage assignment to identify the gen-
etic parents of each EPY with all sampled adults as candidates. The
confidence level was 95% for parentage exclusion and 80% for par-
entage assignment. An individual that produced EPY was considered
as engaging in cuckoldry.

Statistical analysis

To examine factors that might correlate with whether a social pair
divorced after mating once, a generalized linear model was fitted,
with predictor variables including current fecundity (clutch size in
the current breeding), percentage of offspring that fledged success-
fully, male’s contribution to brood provisioning, whether the male
and female engaged in extra-pair copulations and social pair types
(Table 1). Generalized linear mixed models (GLMMs) were then fit-
ted to examine factors correlated with whether a breeder engaged in
extra-pair copulations. Fixed effects included clutch initiation date,
the tarsus length and age of the breeders, and social pair types.
Random effects included the year and identity of the breeder.
Another GLMM was fitted to examine factors correlated with
male’s contribution to brood provisioning, in which fixed effects
included whether the female engaged in extra-pair copulations, the
tarsus length and age of both breeders, and social pair types.
Random effects included the year, nest identity, and identity of both
breeders.

Fecundity, the number and body mass of fledglings (averaging
the offspring of 1 nest) of experienced breeders, was compared be-
tween before- and after-divorce breeding, using a paired-sample z-
test. The fecundity, the number, and body mass of fledglings (aver-
aging the offspring of 1 nest) of different social pair types were com-
pared using 1-way ANOVA analysis.

All analyses were carried out using SPSS for Windows (version
19.0; IBM, Armonk, NY, USA). Descriptive results are presented as
mean = SEM. The null hypotheses were rejected when P <0.05.
Probabilities are reported as 2-tailed.

Data accessibility
Data available from the Dryad Digital Repository: https://doi.org/
10.5061/dryad.bk3j9kd70.

Results

Based on the mark-recapture data, the breeding experience of both
sexes could be determined in 307 azure-winged magpie nests in
which clutches completed. Of these, 68% (208/307) successfully
fledged at least 1 offspring. Recruitment rates of female and male in-
experienced breeders were 55% *+15% and 62% *13% (for
6 years of data), respectively. The annual divorce rate of the Tibetan
azure-winged magpie was 72% * 5%.

Factors correlated with the divorce of a social pair

The likelihood of divorce of a social pair by subsequent breeding
season was unrelated to their current fecundity, percentage of off-
spring that failed to fledge, and male’s contribution to brood provi-
sioning (Table 1). A social pair more likely divorced when the
female engaged in extra-pair copulations than when she did not. In
contrast, a social pair less likely divorced when the male engaged in
extra-pair copulations than when he did not (Table 1). Compared
with pairs formed by inexperienced females and males, pairs formed
by 2 experienced breeders had a lower likelihood of divorce and
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Table 1. Factors correlated with whether a social pair divorced by the subsequent breeding season

Parameters B+ SE n X2 P-value
Intercept 1.36 +£2.48 105 0.30 0.58
Current fecundity (clutch size in the current breeding season) 0.41+0.29 105 1.98 0.16
Percentage of offspring that fledged successfully 0.11 £0.88 105 0.02 0.90
Males’ contribution to brood provisioning —-3.20*+2.08 105 2.37 0.12
*Whether female engaged in extra-pair copulations 1.62 = 0.68 105 5.72 0.02
PWhether male engaged in extra-pair copulations —-1.30+0.58 105 -5.07 0.02
Pairing patterns Inexperienced female, experienced male -0.52+1.05 12 0.25 0.62
Experienced female, inexperienced male 0.3+0.98 15 0.15 0.70
Experienced female, experienced male —-2.6 £0.84 18 9.76 0.002

Variables in bold font indicate statistical significance (P < 0.05).

* Females engaging in no extra-pair copulations were set as zero.

b Males engaging in no extra-pair copulations were set as zero.

€ Pairs formed by inexperienced female and male (1 = 60) were set as zero.

pairs of mixed inexperienced and experienced breeders exhibited no
significant differences (Table 1).

Reproductive success comparison of experienced
breeders

Fecundity of experienced breeders did not differ significantly be-
tween their inexperienced and subsequently experienced reproduc-
tion (Figure 1A, Supplementary Appendix I). The fecundity of
divorced males that had repaired with inexperienced females was
significantly lower in their after-divorce breeding when compared
with that in their (Figure 1A,
Supplementary Appendix I). In terms of fledgling numbers, experi-

before-divorce  breeding
enced breeders did not increase their reproductive success, regardless
of pair composition (Figure 1B, Supplementary Appendix I).
Divorced males that had repaired with inexperienced females raised
fewer fledglings than the number before the divorce (Figure 1B,
Supplementary Appendix I).

Intact pairs fledged significantly larger offspring in their experi-
enced reproduction than in their inexperienced reproduction
(Figure 1C, Supplementary Appendix I). Similarly, divorced males
that had repaired with inexperienced females raised significantly
larger offspring in their after-divorce breeding than in their before-
divorce breeding (Figure 1C, Supplementary Appendix I). The
divorced female that had repaired with inexperienced males exhib-
ited no difference in fledgling body mass between their before- and
after-divorce breeding (Figure 1C, Supplementary Appendix I). For
divorced females or males that had repaired with a divorced breeder,
the offspring they fledged were significantly smaller than those they
fledged before the divorce (Figure 1C, Supplementary Appendix I).

Comparison of reproductive success of different social
pairs

The fecundity of different social pairs differed significantly
(Figure 2A, Supplementary Appendix II). Experienced females, ei-
ther divorced or within intact pairs, had higher fecundity than inex-
perienced females (Figure 2A). Inexperienced females that had
paired with a divorced male had the lowest fecundity (Figure 2A). In
terms of fledgling number, intact pairs fledged the most offspring
whereas divorced males that repaired with inexperienced females
fledged the fewest offspring (Figure 2B, Supplementary Appendix
II). Fledgling body mass was the highest in intact pairs whereas it
was the lowest when divorced males had repaired with inexperi-
enced females (Figure 2B, Supplementary Appendix II).

Individual breeding performance in terms of engaging
in extra-pair copulations

The likelihood that a female engaged in extra-pair copulations sig-
nificantly increased with clutch initiation date and decreased with
the age of its social mate, but it did not change with the tarsus length
or age of the female (Table 2). Later breeding initiation made
females more likely to engage in extra-pair copulations and pairing
with older males made females less likely to engage in extra-pair
copulations. Females in different pair types differed in their likeli-
hood of engaging in extra-pair copulations (Table 2). Between-year
differences contributed to the variance of females engaging in extra-
pair copulations were greater than that between individuals
(Table 2). Divorced females repairing with inexperienced males
engaged in extra-pair copulations more than those repairing with
divorced males or their original mates (Figure 3).

The likelihood that a male engaged in extra-pair copulations did not
change with the tarsus length or age of either sex, but it tended to in-
crease with clutch initiation date (P = 0.08; Table 2). Males were more
likely to engage in extra-pair copulations when breeding initiation was
late. Males in different pair types differed significantly in their likelihood
of engaging in extra-pair copulations (Table 2). Between-year differen-
ces contributed to the variance of males engaging in extra-pair copula-
tions were greater than that between individuals (Table 2). Divorced
males repairing with inexperienced females engaged in extra-pair copu-
lations more than those repairing with divorced females but less than
those repairing with their original mates (Figure 3).

Individual breeding performance in terms of
contribution to brood provisioning

Males’ contribution to brood provisioning did not change with their
tarsus length or the age of either sex; however, it differed significantly
between males whose partners engaged or not in extra-pair copula-
tions and tended to differ among different pairing patterns (Table 3).
Between-year differences contributed to the variance of males’ contri-
bution to brood provisioning and were greater than that between
nests and individuals (Table 3). Males made a significantly lower
contribution to brood provisioning when their partners engaged in
extra-pair copulations than when they did not (Figure 4A). Divorced
males made a similar contribution to brood provisioning to inexperi-
enced males either when they repaired with a divorced or inexperi-
enced female (Figure 4B). Divorced females contributed less to brood
provisioning than inexperienced females either when they repaired
with a divorced or inexperienced male (Figure 4B).
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Figure 1. Comparison of fecundity (A), fledgling number (B), and body mass (C) of experienced breeders during breeding before (blank columns) and after (filled
columns) divorce. Bars are SEs, and asterisks indicate experienced breeders that differ (P< 0.05) in their breeding traits between inexperienced and subsequent

experienced breeding.

Discussion

In Tibetan azure-winged magpies, females engaging in extra-pair
copulations seem to significantly affect the likelihood of divorce of a
social pair. Compared with maintaining an intact pairing, divorced
individuals of both sexes do not necessarily increase their after-
divorce reproductive success. The breeding experience of a new
mate determines whether a divorced individual could obtain positive
lifetime fitness benefits from the divorce.

Female engagement in extra-pair copulations, which will inten-
sify sexual conflicts over paternity and parental care, may be the
main reason for divorce in the azure-winged magpie. Cuckoldry of
females usually results in paternity loss of cuckolded males
(Andersson 2001; Arnold and Owens 2002), whereas cuckoldry of
males rarely reduces the fertilization of affected females (Dixon
et al.1994; Suter et al. 2009). Female engagement in extra-pair cop-
ulations will cause paternity loss of cuckolded males, but not vice

versa. Consequently, females’ engagement in extra-pair copulations,
but not that of males, is more likely to increase the probability of di-
vorce (Table 1). As a “retaliation” response to the cuckoldry of so-
cial mates, the divorce strategy adopted by cuckolded individuals
occurs more frequently after a reproductive period than during it
(Cezilly and Nager 1995). The reason is that if cuckolded individu-
als abandon the mixed brood during current reproduction, they
might endure the costs of wasting their invested energy without any
reward (Gao et al. 2018). In the azure-winged magpie, cuckolded
males increase, or at least maintain care for a mixed brood (Gao
et al. 2018, 2019). It thus increases the likelihood that their off-
spring fledge successfully. Consequently, azure-winged magpies are
likely to divorce their cuckolding mates after the reproductive
period. Moreover, both sexes have raised their nestlings by adopting
a brood survival strategy (Da et al. 2018). Therefore, nest failure in
the Tibetan azure-winged magpies should be attributed mainly to
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ent social pair types differ (P < 0.05) significantly in their breeding traits.

natural predators or conspecific nest-raiders (Ren et al. 2016), but
not to breeders. This explains why the divorce of the Tibetan azure-
winged magpies is unrelated to the fecundity and reproductive suc-
cess in current reproduction.

In terms of reproductive success, whether an individual gains
positive consequence from divorce depends largely on the breeding
experience of their new mate. Most studies have reported that the
causes of divorce are the major determinants of their fitness conse-
quences, with the proactive side in divorce more likely having a posi-
tive consequence in their after-divorce breeding (Moody et al. 2005;
Naves et al. 2006; Ludwigs and Becker 2007; Maness and Anderson
2008; Valcu and Kempenaers 2008). However, we find in the azure-
winged magpie that the breeding experience of new mates deter-
mines the fitness consequence of divorce in both sexes. For divorced
females, when they repair with experienced males, their after-
divorce reproductive success decreases significantly compared with
that in their before-divorce breeding (Figure 1); their after-divorce
reproductive success exhibits no difference between remating with

experienced and inexperienced males (Figure 2). For divorced males,
when they repair with inexperienced females, they fledge fewer but
larger offspring in their after-divorce breeding than before-divorce
breeding (Figure 1); they fledge fewer and smaller offspring when
remating with inexperienced females than with experienced females
(Figure 2). Therefore, from the viewpoint of fitness consequences, it
will be more beneficial for divorced females to repair with inexperi-
enced males and divorced males to repair with experienced females.
The experience-related changes of individual breeding perform-
ance, which affect the intensity of sexual conflicts, will result in a
sex-based difference between experienced breeders in selecting their
new mates, and, in turn, determine which sex more likely becomes
the initiator of divorce. Because engagement in extra-pair copula-
tions and potential of brood provisioning both increase with age
(Sundberg and Dixon 1996; Bouwman et al. 2007; Blas et al. 2009;
Zabala and Zuberogoitia 20135), their antagonistic effects will influ-
ence the mate selection of individual breeders (Iwasa and Harada
1998), including divorced individuals in selecting their new partners.
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Table 2. Factors correlated with whether the female or male engaged in extra-pair copulations, as examined by fitting GLMMs

Parameters of the GLMM Female Male

Fixed effects F df1, df2 P-value F df1, df2 P-value
Clutch initiation date 3.91 1,332 0.05 3.14 1,317 0.08
Tarsus length of the breeder 1.24 1332 0.27 0.37 1,317 0.55
Female age 0.09 1,332 0.76 2.30 1,317 0.13
Male age 5.43 1,332 0.02 0.03 1,317 0.86
Social pair types 2.12 4,332 0.08 3.54 4,317 0.008
Random effects Variance + SD VCA Variance = SD VCA
Year 0.2067 = 0.4547 0.62 0.2865 =0.5352 0.83
Identity of the breeder 0.0841 = 0.2899 0.25 0.0286 =0.1692 0.08
Residual 0.0447 =0.2115 0.13 0.0290 = 0.1702 0.09

The year and the identity of female or male were set as random effects. VCA is the variance component analysis for random effect variables. Variables in bold

font indicate statistical significance (P < 0.05).
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Figure 3. The likelihood of a female (circles) and male (diamonds) engaging in extra-pair copulations in different social pair types. Bars are SEs obtained in
fitting the GLMMs. Asterisks indicate that the likelihood of a breeder engaged in extra-pair copulations differed significantly (P< 0.05) among different social pair

types.

Table 3. Factors correlated with males’ contribution to brood provi-
sioning, examined by fitting GLMMs

Parameters F dft, df2 P-value
Fixed effects
Whether the female engaged 5.63 1,317 0.02

in extra-pair copulations
Tarsus length of the breeder 0.45 1,317 0.50
Female age 2.78 1,317 0.10
Male age 1.25 1,317 0.26
Social pair types 1.99 4317 0.07
Random effects Variance = SD VCA
Year 0.0113 = 0.1063 0.22
Nest identity 0.0042 = 0.0605 0.08
Female identity 0.0001 = 0.00006 0.0002
Male identity 0.00001 = 0.00001 0.0002
Residual 0.0367 =0.192 0.70

The year, the identity of the nest, and identity of both sexes were set as random
effects. Variables in bold font indicate statistical significance (P < 0.05).

In the azure-winged magpie, sexual conflicts might be intensified
mainly by females’ performance in the engagement in extra-pair
copulations (Table 1), but also by males’ performance in brood pro-
visioning because males contribute to raising offspring significantly
greater than females (Ren et al. 2016). These 2 aspects cause differ-
ent sexual conflicts among different types of social pairs (Figures 3
and 4). Within social pairs formed by an experienced female and
male, either an intact pairing or both divorced, females engage in
extra-pair copulations at a lower frequency (Figure 3) and males
make a greater contribution to brood provisioning (Figure 4B).
Thus, sexual conflicts in these 2 types of pairs would be low,
explaining why they realize higher reproductive success than in
other pairs (Figure 2). When divorced females repair with inexperi-
enced males, they engage in extra-pair copulations at the highest fre-
quency (Figure 3) and their mates make the greatest contribution to
brood provisioning (Figure 4B). It seems that the experienced
females in such pairs are in control of the sexual conflicts, hence,
their final reproductive success does not differ from that of intact
pairs (Figure 2). When divorced males repair with inexperienced
females, their social mates engage in extra-pair copulations at a
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higher frequency (Figure 3) and they make the lowest contribution
to brood provisioning (Figure 4B). These pairs might have the high-
est sexual conflict, which could explain why they achieve the lowest
reproductive success of all pair types (Figure 2). Consequently, in
terms of potential dominance in future sexual conflicts, it will be
more beneficial for experienced females to repair with inexperienced
males and experienced males to repair with experienced females.
This sexual difference of experienced breeders in selecting between
experienced and inexperienced breeders determines which sex more
likely initiates the divorce. As there is a high recruitment rate of in-
experienced breeders in the Tibetan population, it would appear
easy for experienced females to select an inexperienced male as new
mate and then obtain an advantage in the sexual conflict (more
extra-pair copulation chances, Figure 3; fewer efforts in raising off-
spring, Figure 4B). In contrast, it would be difficult for experienced
males to repair with an experienced female because the latter prefers
to repair with inexperienced males. Therefore, females are more
likely the initiator of divorce.

Our study reveals that divorce in the Tibetan azure-winged mag-
pies does not necessarily result in positive consequences to individ-
ual fitness in a single breeding season. However, as experienced
breeders gain an advantage in sexual conflicts by divorcing their
aged partners and then selecting new mates, divorce may be benefi-
cial for individuals to realize higher life-time reproductive success.
As an alternative breeding strategy, the effect of divorce on

individual life-time fitness warrants further investigation in future
studies. Such model systems provide key insights into the complex
dynamics of the evolutionary ecology of bird species.
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