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A general introduction 

 

Individuals vary in traits associated with reproduction (McNamara and Houston 

1996; Cam and Monnat 2000). For example, some individuals may be in better 

physiological condition, have more breeding experience and/or higher quality than 

conspecifics. The causes and consequences of such between-individual 

heterogeneity have been a central aspect in studies of animal ecology and evolution. 

This is because individuals of a given species are rarely equally adapted to their 

environments and thus show heterogeneity in breeding performance, which in turn 

may have a profound influence on population dynamics (Newton 1989; Smith 2004; 

Hochachka 2006). Furthermore, if a given trait is heritable, heterogeneity in 

breeding performance may lead to a genetic covariance between the trait and 

fitness (Falconer and Mackay 1996). Therefore, phenotypic evolution can be 

expected in that trait. For example, the parturition date of red squirrels 

(Tamiasciurus hudsonicus) appears to be under consistent directional selection, 

where earlier breeders obtain a better breeding performance (Réale et al. 2003). As 

a result, population-level breeding has been shown to commence progressively 

earlier due to individual plasticity and the genetic changes among generations 

(Réale et al. 2003). These results indicate that estimating the variation among 

individuals in the expression of traits associated with individual fitness is critical in 

understanding population dynamics, population genetic structure, and evolutionary 

change. 

Individuals may also experience different environmental and/or social contexts, 

which may influence their breeding strategies. With regard to environmental 

contexts, one common pattern in the seasonal environment is the deterioration of 

environment across the time of the breeding season due to, for example, lower food 

availability and/or increased predation pressure over time (Hedgren and Linnman 

1979; H G Smith 1993; Naef-Daenzer et al. 2001; Verboven, Tinbergen, Verhulst, 

et al. 2001; Gotmark 2002; Grüebler and Naef-Daenzer 2008). Individuals that are 

in better condition and have the ability to breed earlier may prefer to breed earlier 

(Møller et al. 2004; Ninni et al. 2004), because they can breed in a better 

environment in terms of more food and less predation. Moreover, the benefit of the 

selected breeding strategy for individuals may also depend on the decision made by 

other conspecifics (Smith 1974; Dominey 1984). If most individuals in the 

population select the same time to breed, it may lead to high competition during 

that period, which may be disadvantageous for individuals that are less competitive. 

Furthermore, breeding at the same time may also be disadvantageous for low 
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quality males because they may have a higher likelihood of being cuckolded since 

extra-pair mating may increase with high levels of breeding synchrony (Stutchbury 

and Morton 1995). For example, a study on ground tits (Parus humilis) reports that 

breeding synchrony on the individual-level (between female and her extra-pair 

partner), but not on the population level, predicts the probability of extra-pair 

paternity (Wang and Lu 2014). 

Once the breeding has commenced, males may also face an energetic and 

temporal trade-off between different breeding activities, such as caring for their 

own brood or seeking extra-pair matings (mate-parenting trade-off hypothesis, 

reviewed in Magrath and Komdeur 2003, Stiver and Alonzo 2009). High quality 

males may spend more effort in seeking extra-pair matings than low quality males, 

because they probably are less likely to be cuckolded by their partners and, by 

doing this, they can achieve relatively greater reproductive success. This is 

supported by many studies that demonstrate reduced paternal care in males with 

experimentally-increased attractiveness (e.g. Qvarnstroöm 1997), or increased 

paternal care in males with experimentally-reduced attractiveness (e.g. Sanz 2001; 

Hasegawa and Arai 2015). Meanwhile, social context can also influence whether 

and to what extent males engage in extra-pair mating efforts, since potential 

extra-pair mating opportunities are influenced by breeding density and the degree 

of breeding synchrony in the local population (Chuang et al. 1999; Richardson and 

Burke 2001; Wang and Lu 2014). Therefore, individuals may determine their 

breeding strategy based on both their own condition and the contexts they 

experience (McNamara and Houston 1996). Natural selection should favour those 

individuals who can adopt the best breeding strategy for themselves in order to 

maximize their fitness. 

 

Aim of the study 

 

In this thesis, I studied how individual body condition, breeding experience and 

male quality influenced the breeding strategy of a migratory Asian passerine, the 

hair-crested drongo (Dicrurus hottentottus), under different environmental and 

social contexts. I focused on the determination and influence of the timing of 

breeding, the effect of mate retention and breeding experience on breeding 

performance, and the trade-off between caring for own brood and seeking 

additional extra-pair matings in males. I also experimentally investigated the cost 

of (potential) territory competition from conspecifics as the proximate reason for a 

unique behaviour, nest-dismantling (parents dismantle their nest after breeding). 
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The aims of this study was: (i) to understand whether hair-crested drongos adopted 

the best breeding strategy based on their own condition and the environmental 

and/or social contexts that they experience, and (ii) to explore whether individuals 

benefited from their breeding strategy in terms of obtaining a higher fitness. The 

specific aims of each chapter will be explained in more detail in the thesis outline 

below. 

 

Study area and species 

 

This study was conducted at Dongzhai National Nature Reserve in the Dabieshan 

Mountains, in central China (Dongzhai, Henan Province, 31.95° N, 114.25° E, 

elevation 100-840 m, Figure 1.1). The field-based data were collected every year 

from early May to early August between 2008 and 2015 in a broadleaf forest of 

approximately 400 ha. 

Hair-crested drongos are medium-sized insectivorous songbirds in which males 

are slightly larger and brighter than females (Chen and Luo 1998) (Figure 1.2). The 

species is distributed in the eastern South Asia, southern and eastern East Asia and 

Southeast Asia (Figure 1.1). The breeding population in central and southern China 

(including our study site), is thought to overwinter in Indochina (Rocamora and 

Yeatman-Berthelot 2009). Birds arrive in late April at our study site, and leave 

before the middle of October (Z Gao et al. 2006). They have high breeding site 

fidelity with 91.7% of males (N = 134) and 82.5% of females (N = 120) reusing the 

same breeding site upon returning the next year. Individuals build nests either in 

trees in the vicinity of the previous nest tree, reuse the same nest tree, or sometimes 

even the same tree branch. Hair-crested drongos are highly faithful to their mates 

and form relatively long-term socially monogamous pair bonds (average length of 

pair-bond duration: 2.69 ± 0.13, mean ± SE, N = 61, range 2-6 years). If both mates 

survive to the next breeding season, only 13.1% of the total breeding pairs (N = 

107) split up to breed with a new partner (L. Lv, unpublished data). Females are 

faithful to their social partners and 90.7% of offspring are produced by the social 

father (690 offspring of 228 broods; L. Lv, unpublished data).  

Breeding starts about one week after arrival at the breeding site. Both parents 

participate almost equally in all breeding activities, including nest building, 

incubation and feeding of offspring (Chen and Luo 1998). The cup-shaped nest 

(Figure 1-2) is built near the end of a branch in the middle canopy of the tree with 

an average nest height of 8.3 ± 0.6 m (mean ± SE, N = 50; A. Cantrell unpublished 

data). The nest, which is made mainly of fine grass stems and rootlets, is attached 
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firmly in a tree crotch (Du and Zhang 1985). Modal clutch size is four (75.6%, 

range 3-5, N = 275), and both median incubation period and nestling period are 

around 17 days (L. Lv, unpublished data). The hatching rate was high (92.8%, N = 

484 eggs, L. Lv, unpublished data) and, due to an abundance of food, no nestlings 

died of starvation in our study population if they were not predated over the period 

of study (208 nests monitored from hatching to fledgling). The main reason for 

unsuccessful breeding is nest predation by e.g. Eurasian Jays (Garrulus glandarius) 

and Besra Sparrow Hawks (Accipiter virgatus) (L. Lv personal observation). As 

both parents defend their nests aggressively against predators over the course of the 

breeding season, 66.2% of nests produce at least one fledgling (N = 464). The 

species is generally single-brooded but 18.3% of the breeding pairs (in total, N = 

120) engage in another breeding attempt if their first clutch fails. Breeding pairs 

sometimes reuse their first nest and lay replacement clutches, but in most cases 

(72%, N = 25) they will rebuild a new nest on the same nest tree or another tree 

nearby. Furthermore, individuals will reuse the nest material for building the 

replacement nest. 

After the chicks fledge, birds live in a family group and parents keep feeding 

fledglings for up to 50 days (Rocamora and Yeatman-Berthelot 2009). After the 

breeding attempt has finished, either through nestling fledging or nest failure, 

breeding pairs show a unique behaviour of nest-dismantling, which has rarely been 

reported in other species (Islam 1989). It takes about two weeks and both of the 

parents participate. The interesting feature of this behaviour is that parents always 

dismantle their nest when breeding has finished (no more replacement clutches) 

and do not reuse the nest material for a new nest (see more in chapter 5). Birds 

leave the study area in late September and early October. The latest records of 

birds present in the study area are from mid-October (L. Lv unpublished data). 
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Figure 1.1 The distribution of the hair-crested drongo (Dicrurus hottentottus) and 

the location of study site. The wintering area of the studied population is also 

indicated. 

 

 
 

Figure 1.2 Hair-crested drongo and its nest with clutch. 
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Thesis outline 

 

In Chapter 2, we find a consistent negative relation between timing of breeding 

and breeding performance among years in the hair-crested drongo. We test whether 

this negative relationship is due to the deteriorating breeding environment over a 

breeding season (the ―date hypothesis‖), or to individuals of better quality breeding 

earlier (the ―quality hypothesis‖), or to a combination of both. A novel comparative 

method, which compares the reproductive success of the same perennial pair (pairs 

of mate retention over years) in the year of their earlier breeding with the 

reproductive success in the year of later breeding, is used. 

In Chapter 3, we examine whether perennial pairs, breeding with the same mate 

from previous year, perform better than newly formed pairs, and if so, whether this 

is due to perennial pairs consisting of more individuals of better condition than 

newly formed pairs. In addition, we explore how the condition of new male or 

female mates, breeding experience, influences the breeding performance. We also 

test whether breeding pairs perform better if they have longer pair-bond duration. 

In Chapter 4, we investigate how male quality influences the trade-off between 

parenting and mating efforts considering the availability of extra-pair mating 

opportunities. If the parental-mating trade-off hypothesis, which proposes that high 

quality males should provide less parental care when they have additional mating 

opportunities, is supported, we would expect to see how males adjust their 

incubation behaviour to spend more time in mating efforts. We also test how the 

females respond in terms of incubation time to the decreased incubation attendance 

of their high quality partners. 

In Chapter 5, we test whether hair-crested drongos dismantle their nest in order to 

decrease the potential intra-specific competition for territories from conspecifics 

that use the presence of a nest as a cue to select suitable territories for the next year. 

We discuss how breeding performance is related to the probability of reusing 

territories, and therefore influences the decision and speed of nest dismantling. We 

test whether experimentally strengthened nests can lead to higher competition for 

territories in the following breeding season and thereafter negatively influence the 

previous territory owners reusing the territories and their subsequent breeding 

performance. 

In Chapter 6, I provide a synthesis to summarize and discuss the main results of 

this thesis and suggest potential areas for future research. 
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Abstract 

 

Seasonal declining reproductive success in many avian populations may be 

attributed to the deteriorating environment conditions over time (the ―date 

hypothesis‖), or to high quality individuals occupying superior territories and 

breeding earlier (the ―quality hypothesis‖). Different experimental approaches of 

manipulating the timing of breeding within a breeding season have been used to 

test these two hypotheses. However, as there is no direct control over the timing of 

breeding, manipulating the time of breeding indirectly may introduce potential 

confounding effects and misleading results. We tested the influence of timing of 

breeding on reproductive success in a socially monogamous passerine, the 

hair-crested drongo (Dicrurus hottentottus), by using a novel method of comparing 

the number of fledglings produced by the same perennial pair in the year of their 

earlier breeding with what they produced in the year of later breeding. In this 

species, birds produced fewer fledglings over the breeding season and this trend is 

consistent among years. Our results show that early breeders, who are in good 

quality and always laid earlier in the different years relative to the population mean, 

produced more fledglings than late breeders. Although there was no difference in 

clutch sizes between early breeders and late breeders, early breeders tended to have 

a higher survival rate of egg to fledgling. However, females of perennial pairs 

produced similar number of fledglings when they bred later compared to what they 

produced in other years. This pattern was true for both early and late breeders, who 

consistently started breeding earlier or later than the population mean, respectively. 

Our results supported the ―quality hypothesis‖, but not the ―date hypothesis‖. The 

seasonal decline in reproductive success in the hair-crested drongo, at least in 

perennial pairs, was due to the difference of quality between early breeders and late 

breeders. Our novel comparative method may offer a new powerful approach of 

testing the influence of actual timing of breeding on reproductive success. 
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Introduction 

 

For organisms living in seasonal environments, reproductive success is often 

affected by the timing of reproduction. In birds, the seasonal pattern in 

reproductive success has been documented in many species with most studies 

showing a consistent seasonal decline (Perrins 1970; Daan et al. 1988; Price et al. 

1988). This seasonal pattern is especially true among bird species that generally 

fledge only one brood annually (Verhulst and Nilsson 2008). Such seasonal pattern 

may be attributed to the seasonal deteriorating environmental conditions over time, 

for example food availability (Hedgren and Linnman 1979; Verboven, Tinbergen, 

Verhulst, et al. 2001; Grüebler and Naef-Daenzer 2008) and/or predation pressure 

(H G Smith 1993; Naef-Daenzer et al. 2001; Gotmark 2002). However, it may also 

result from high quality individuals occupying superior territories and breeding 

earlier than low quality breeders. As the effects of the actual timing of breeding are 

usually confounded with individual quality, it is often difficult to assess to what 

extent a seasonal decline in reproductive success is attributable to the effects of 

timing per se (the ―date hypothesis‖), as opposed to difference in quality between 

individuals (the ―quality hypothesis‖; Parsons 1975; Hatchwell 1991; Brinkhof et 

al. 1993; Christians et al. 2001). Disentangling the effects of actual timing of 

breeding and individual quality on seasonal decline in reproductive success is 

becoming increasingly important because of their potentially different influence on 

(avian) populations under global climate change (Both and Visser 2001; 

Miller-Rushing et al. 2010). 

Experimental approaches of manipulating the timing of breeding within a 

breeding season have been used intensively to investigate whether the seasonal 

decline in reproductive success is due to the effect of timing independently of 

individual quality. Most of these manipulations have been carried out by either 

cross-fostering clutches that differed in laying dates (reviewed in Verhulst and 

Nilsson 2008), or by removing the first clutch that induces the breeding pair to 

produce a replacement clutch (reviewed in Nilsson 1999; Verhulst and Nilsson 

2008). However, these manipulations can also alter the overall parental investment 

in the incubation period (cross-fostering) or the condition of females because of 

producing the first clutch which was removed. These side effects potentially have 

the same effect on subsequent reproductive success as the effect of the timing and, 

therefore, can have misleading results. For example, removing the first clutch can 

decrease a female‘s condition due to producing an extra-clutch and consequently 

may negatively affect the survival of her chicks in the successive breeding attempt 
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(Smith et al. 1987; Nilsson and Svensson 1996). Hence, the decline in reproductive 

success of re-laying females can also be due to their decreased condition caused by 

the previous extra reproductive effort, and not to late breeding (Hansson et al. 

2000). Overall, it is seemingly impossible to manipulate the timing of breeding 

without introducing the potential effects on other traits, because there is no direct 

control over the timing of breeding and we can only manipulate the time of 

breeding indirectly (Verhulst and Nilsson 2008).  

A seasonal decline in reproductive success can be measured in each breeding 

season as the selection pressure on timing of breeding by regressing reproductive 

success against the timing of breeding. Although the selection pressure can change 

among years, the negative correlation between timing of breeding and reproductive 

success can be quite consistent in consecutive years (Charmantier et al. 2008; Reed 

et al. 2009). As the laying date of many iteroparous bird species is a heritable trait 

showing consistency within individuals (Noordwijk et al. 1981; Sydeman and Eddy 

1995; Sheldon et al. 2003; Lourenço et al. 2011; Charmantier and Gienapp 2014), 

some females, who always lay earlier relative to the population mean (early 

breeders), may obtain a consistent higher reproductive success than later breeding 

females (late breeders) in such context. Meanwhile, there are also considerable 

variations in the laying dates within individuals in that females may lay earlier or 

later compared with their previous laying date. According to the ―date hypothesis‖, 

females have a lower reproductive success in the year of later breeding compared 

to the year of earlier breeding if other ecological factors (e.g. year effect) were 

controlled for or their influence was negligible. In contrast, the ―quality hypothesis‖ 

predicts that reproductive success is not changed because the parental quality of 

individuals remain quite stable among years. We provide the first empirical test of 

this idea in a migratory passerine, the hair-crested drongo Dicrurus hottentottus. 

This species forms long-term socially monogamous pair bonds which offer a good 

opportunity to test this idea. 

We tested whether actual timing of breeding influenced the reproductive 

success of perennial pairs, which keep pair-bonding in consecutive years, in 

hair-crested drongos. Perennial pairs of the hair-crested drongo are excellent 

candidates for testing this idea for the following reasons. First, the number of 

fledglings produced by perennial pairs declines with timing of breeding 

consecutively among years (see result). Second, the laying date of females in 

perennial pairs is repeatable among years (see method). Third, laying date and the 

number of fledglings produced by perennial pairs were not influenced by the 

duration of pair-bonding (years together) (Lv et al. 2016), which means that the 
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quality of perennial pairs was quite stable among years. Fourth, perennial pairs of 

the hair-crested drongos are highly faithful to their territory across years, therefore 

laying date or the number of fledglings produced by perennial pairs are less likely 

to be affected by the differences in territory quality among years because of 

switching territories and/or changes in territory quality. By comparing the number 

of fledglings produced by the same perennial pair in the year of their earlier 

breeding with what they did in the year of later breeding, we tested whether their 

decreased reproductive success was due to the difference in the quality of parents 

or the influence of actual breeding timing. 

 

Methods 

 

Study Species and Field Methods 

Hair-crested drongos are medium-sized insectivorous songbirds in which males are 

slightly larger and brighter than females (Chen and Luo 1998). The species is 

distributed in the eastern South Asia, southern and eastern East Asia and Southeast 

Asia, and the population that breeds in central and southern of China (including our 

study site) is traditionally thought to overwinter in Indochina (Rocamora and 

Yeatman-Berthelot 2009). The data used in this study were collected each year 

between 2010 and 2015 in the study area (ca 400 ha) consisting of broadleaf forest, 

situated in the Dabieshan Mountains, Dongzhai National Nature Reserve (31.95° N, 

114.25° E, elevation 100-840 m). Birds arrive in late April at our study site, and 

leave before the middle of October (Z Gao et al. 2006). Breeding starts about one 

week after arriving. Both parents participate almost equally in all breeding 

activities, including nest building, incubation and feeding of offspring (Chen and 

Luo 1998). Modal clutch size is four (75.64%, range 3-5, N = 275), and both 

median incubation period and nestling period are 17 days. The hatching rate is high 

(92.8%, N = 484, L. Lv, unpublished data) and, due to an abundance of food, no 

nestlings died of starvation if they were not predated (208 nests monitored from 

hatching to fledgling, L. Lv, unpublished data). As both parents defend their nests 

aggressively against predators during the breeding season, it resulted in about two 

thirds of all nests producing at least one fledgling. The main reason for 

unsuccessful breeding is nest predation by predators such as Eurasian Jays 

(Garrulus glandarius) and Besra Sparrow Hawks (Accipiter virgatus) (L. Lv 

personal observation). 

Each year, we located nests by checking trees which had been used previously 

or searching the forest for nests systematically. Whether parental birds were ringed 
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as well as their identity (according to combination of colour rings) was determined 

either through direct observation with a telescope or binoculars or indirectly 

through video recordings. The latter were taken by placing video cameras (Sony 

HDR-160E, Sony HDR-260E or Samsung F40) at approximately 20 metres from 

the nest. Un-ringed parents were captured by mist-netting in close proximity to 

their nest trees during incubation or the nestling period. Birds were marked 

individually with a metal ring and a unique combination of three colour rings. Sex 

of the adults was determined by brood patch size because these were distinctively 

larger for females than males. Nests were checked every one to three days by 

mirroring over nests or climbing trees to determine laying date, clutch size, 

hatching date, number of nestlings and number of fledglings. 

 

Data Analyses 

To quantify the strength of selection on laying date in each year, we regressed 

number of fledglings against laying date by using linear models for all females 

(including females of perennial pairs), and for females of perennial pairs, 

respectively. Although the number of fledglings was always negatively correlated 

with laying date, the selection on laying date was significant only in some years 

(Table 2.1). Therefore, a linear mixed model with the number of fledglings 

produced by perennial pairs as the response variable was used to test the effect of 

laying date on the number of fledglings within the whole study period. The full 

model included ‗laying date‘, ‗pair-bond duration‘ and ‗year of pair-bond duration‘ 

as fixed effects, and ‗year‘ and ‗pair ID‘ as random effects. The final model 

demonstrated that the number of fledglings produced by perennial pairs declined 

with the timing of breeding (Table 2.2). As the laying date of females in perennial 

pairs is repeatable (r = 0.525 ± 0.074, range: 0.365 – 0.655, N = 71, p < 0.001), we 

investigated whether perennial pairs produced fewer fledglings when they laid later 

compared to what they produced in other years by using within-subject centring 

(van De Pol and Wright 2009). ‗Laying date‘ in the former model was replaced by 

‗mean laying date‘ within perennial pairs, ‗difference from mean laying date‘ of 

each perennial pair in each year, and their two-way interaction. If the number of 

fledglings was affected, we applied the same model with clutch size as the response 

variable to test whether the reduction in production of fledglings by perennial pairs 

was a consequence of lower clutch size. After that, a generalized linear mixed 

model, with Poisson distribution and log link, was carried out to test whether the 

survival rate of egg to fledgling was also affected or not. 

Laying date of each nest was standardized by subtracting the mean laying date 
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of the population in any given year. Statistical analyses were performed in R.3.1.1 

(R Core Team 2014) with the package lme4 (Bates et al. 2014) for mixed-effect 

modelling and the package ―rptR‖ (Schielzeth and Nakagawa 2011) for calculating 

repeatability. Repeatability values and confidence intervals were calculated based 

on a restricted maximum likelihood method (REML). Estimates and p values 

(based on permutations) were calculated using 1000 bootstrapping and permutation 

runs. We used an Information-Theoretic (IT) model selection approach, based on 

the Akaike information criterion (Burnham and Anderson 2002) with the Hurvich 

and Tsay correction for finite sample size (AICc). Model parameters were dropped 

if doing so resulted in a lower AICc score, which were obtained by using the 

―AICcmodavg‖ package (Mazerolle 2011), but ‗laying date‘ or ‗mean laying date‘ 

and ‗difference from mean laying date‘ were always kept in the final models. 

 

Results 

 

Selection on Laying Date 

The earliest breeding pairs of the hair-crested drongo start laying in mid-May and 

the mean laying date of the population is late May or early June (Table 2.1). The 

latest breeding pairs lay in mid-June (Table 2.1), which can be 30 days later than 

the date of the first egg in the population in that year. The laying date of the same 

female of a perennial pair in different years differed from 0 to 18 days. 

The results of the linear models examining selection on laying date each year 

for all females and females of perennial pairs are summarized in Table 2.1. 

Significant negative correlation between timing of breeding and reproductive 

success was detected in 3 out of 6 years for all females, and 1 out of 6 years for 

females of perennial pairs (Table 2.1). The negative correlations between laying 

date and number of fledglings was consistent both for all females present in the 

populations as well as for females of perennial pairs in all the years (Table 2.1). 

Furthermore, for the entire study period, the number of fledglings produced by the 

females of perennial pairs declined significantly with delayed onset of breeding 

(Table 2.2). 
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Table 2.1 Temporal patterns of selection on relative laying date of the hair-crested drongo. LDfirst = date of the first egg laid in 

the population. LDmean = mean laying date of the population. LDlast = laying date of the last breeding pairs in the population. N = 

number of breeding pairs monitored each year. Linear terms (β) indicate the strength of directional selection. P values are actual 

values from linear models. Subscript p = perennial pairs used in the later analyses. Only the first nest of breeding pairs in the 

breeding season was used. Relative laying date was used through standardising laying date by subtracting the mean laying date 

of the population in that specific year. Significant values are denoted in bold face. 
 

Year LDfirst LDmean LDlast N β SE t P Np βp SEp tp Pp 

2010 14-May 27-May 9-June 42 -0.051 0.037 -1.37 0.177 15 -0.036 0.052 -0.69 0.503 

2011 16-May 28-May 8-June 85 -0.088 0.031 -2.81 0.006 33 -0.084 0.044 -1.89 0.069 

2012 11-May 21-May 14-June 77 -0.027 0.032 -0.83 0.409 35 -0.039 0.052 -0.75 0.456 

2013 15-May 29-May 14-June 79 -0.023 0.034 -0.67 0.503 39 -0.019 0.052 -0.36 0.719 

2014 19-May 1-Jun 18-June 85 -0.073 0.028 -2.62 0.010 37 -0.016 0.048 -0.34 0.737 

2015 12-May 24-May 11-June 81 -0.079 0.035 -2.28 0.025 28 -0.116 0.048 -2.41 0.023 
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Table 2.2 Summary of three linear mixed models investigating whether laying date, 

mean laying date of perennial pairs and the difference of laying date from mean 

laying date of perennial pairs in each year (2010-2015) influence the number of 

fledglings and clutch size in hair-crested drongos. 187 breeding attempts of 71 

breeding pairs were used in the analysis. Significant effects are denoted in bold 

face. 
 

 

Table 2.3 Summary of a generalized linear mixed model investigating whether 

mean laying date of perennial pairs and the difference of laying date from mean 

laying date of perennial pairs in each year (2010-2015) influence the survival rate 

of egg to fledgling in hair-crested drongos. 187 breeding attempts of 71 breeding 

pairs were used in the analysis. 
 

 

  

Fixed effects Estimates SE df t-value p-value 

Number of fledglings: 

Laying date -0.054 0.020 143.42 -2.69 0.008 

 Number of fledglings: 

Mean laying date -0.071 0.024 81.16 -2.91 0.005 

Difference from mean laying date -0.018 0.036 120.07 -0.52 0.607 

 
     Clutch size: 

Mean laying date -0.010 0.011 69.30 -0.92 0.362 

Difference from mean laying date 0.008 0.014 86.38 0.60 0.551 

Fixed effects Estimates SE z-value p-value 

Mean laying date -0.025 0.013 -1.85 0.064 

Difference from mean laying date -0.009 0.020 -0.45 0.651 
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Figure 2.1 (a) The influence of mean laying date of perennial pairs of the 

hair-crested drongo, and (b) the difference of laying date from mean laying date of 

perennial pairs in each year (2010-2015) on the number of fledglings in 

hair-crested drongos. 187 breeding attempts of 71 breeding pairs. The corrected 

correlation coefficients based on linear mixed model was (a) r
2
 = -0.071 ± 0.024 (p 

= 0.005) and (b) r
2
 = -0.018 ± 0.036 (p = 0.607). 
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Selection on Difference of Laying Date Among and Within Pairs 
Early breeding females of perennial pairs fledged more nestlings than later 

breeding females of perennial pairs (Table 2.2, Figure 2.1a). However, females did 

not produce fewer fledglings when they bred later compared to the number of 

fledglings that they produced in other years (Table 2.2, Figure 2.1b). This pattern is 

consistent in early breeders and late breeders (Table 2.2, the interaction of ‗mean 

laying date‘ and ‗difference from mean laying date‘ was dropped from the full 

model). Although there is no difference in clutch sizes between early breeders and 

late breeders (Table 2.2), the survival rate of egg to fledgling tended to be higher in 

early breeders (Table 2.3). Neither clutch size nor the number of fledglings per egg 

in the nest were affected when females of perennial pairs bred later compared to 

what they produced in other years (Table 2.2, Table 2.3) and there was no different 

trend between early breeders and late breeders. 

 

Discussion 

 

In the hair-crested drongo, reproductive success, in terms of number of fledglings 

produced per clutch, was negatively correlated with laying date and this seasonal 

pattern is consistent among years. By comparing the number of fledglings 

produced by the same pair when they bred later in a given year compared to what 

they did in the other years, we found that perennial pairs did not produce fewer 

fledglings when they bred relatively later. However, early breeders produced more 

fledglings than late breeders, because they tended to have a higher survival rate of 

egg to fledgling. Therefore, our results support the ―quality hypothesis‖, but not the 

―date hypothesis‖, that the seasonal decline in reproductive success of the 

hair-crested drongo, at least in perennial pairs, was due to high quality breeders 

starting to breed earlier than low quality breeders. 

 

Timing of Breeding and Quality 

In perennial pairs of the hair-crested drongo, early breeding females produced more 

fledglings than late breeding females, because they tended to have a higher survival 

rate of egg to fledgling than late breeders. Timing of breeding has been usually 

related to individual quality in birds. In long-distance migratory bird species, high 

quality individuals who were in better condition (Ninni et al. 2004) and/or have 

lower parasite infestation (Møller et al. 2004) arrive early at the breeding area and, 

therefore, get priority of occupying or retaining high quality territories that are rich 

in food (Daan et al. 1990) and/or situated far from the nest of the avian predators. 
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Meanwhile, a positive correlation between arrival dates and laying dates has been 

documented in many migratory species (Potti 1998; Hötker 2002; Vergara et al. 

2007, but see Lourenço et al. 2011). High quality individuals occupying high 

quality territories and breeding early are likely to obtain higher reproductive 

success independent of breeding timing (Nilsson and Svensson 1993). Therefore, a 

consistent seasonal decline in reproductive success in the hair-crested drongo could 

be attributable to a difference in quality of individuals and/or their occupied 

territories between early breeders and late breeders. 

 

Timing of Breeding and Environmental Conditions 

Female hair-crested drongos of perennial pairs produced similar number of 

fledglings when they bred later in a given year compared to other years. As the 

laying date and the number of fledglings produced by perennial pairs of the 

hair-crested drongo were not affected by the pair-bonding duration (Lv et al. 2016), 

it suggested that the relative phenotypic quality of perennial pairs (with respect to 

the whole population) is more or less constant among years. Furthermore, perennial 

pairs of the hair-crested drongo are highly faithful to their territories (88.7% use the 

same territory in this study, N = 71, L. Lv unpublished data). Therefore, it indicated 

that the actual timing of breeding did not influence reproductive success of 

hair-crested drongos and breeding pairs, at least perennial pairs, did not produce 

fewer fledglings when they bred relatively later. In this species, the main reason of 

nest failure is predation by avian predators such as Eurasian Jays during the 

incubation period and Besra Sparrow Hawks during nestling period. For all failed 

nests, 30.2% failed during incubation period, and 69.8% failed during the nestling 

period (N = 139, L. Lv, unpublished data). Avian predators usually have fledglings 

near the peak fledging of their preys (Gotmark 2002), therefore breeding earlier has 

been reported to be advantageous in avoiding the time when avian predators have 

high food requirement to feed their nestlings (H G Smith 1993; Naef-Daenzer et al. 

2001; Gotmark 2002). However, this may not be the case in hair-crested drongos. 

Besra Sparrow Hawks, a common avian predator in our study area, usually have 

fledglings in the middle of June (L. Lv, personal communication). Therefore, early 

breeders of the hair-crested drongo, who usually have fledglings in the end of June, 

may face a similar predation pressure as their late breeding conspecifics. In terms 

of predation pressure, environmental conditions may not deteriorate over breeding 

season. 
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Interaction between Quality and Environmental Conditions 

High quality individuals may obtain similar reproductive success even when they 

breed later in a given year compared to other years, because they may be able to 

compensate for the negative effects of late breeding (De Neve et al. 2004; Verhulst 

and Nilsson 2008). If this is the case, the reproductive success of early breeders, 

who are good quality individuals, may not decrease even when they bred relatively 

later, but not for the late breeders who are low quality individuals. However, this is 

not the case in hair-crested drongos since there is no significant interaction between 

‗mean laying date‘ and ‗difference from mean laying date‘. Both early and late 

breeders produced similar numbers of fledglings when they bred later compared to 

what they did in other years. It highlights that environmental conditions did not 

deteriorate over the breeding season. 

 

Conclusion 

By using a novel method of comparing the reproductive success of the same pair of 

hair-crested drongos among years when their timing of breeding was different 

relative to the population mean, we demonstrated that the observed seasonal 

decline in reproductive success, at least in perennial pairs, was due to high quality 

individuals breeding earlier than low quality conspecifics, but not to the effect of 

time of breeding per se. This new method of analysis offers a powerful alternative 

to experimental approaches to investigate whether a seasonal decline in 

reproductive success is affected by actual timing of breeding. 
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An adult drongo lands on the trunk of its nest tree to peel off barks. 

Photo: Peng Zhang
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Abstract 

 

Individuals that retain their former partners often perform better than conspecifics 

that switch partners. This may be due to high quality individuals being more 

faithful to their partners and more productive. Investigations of the fitness benefits 

of mate retention that also control for potential confounding effects of individuals 

are scarce. We studied the influence of mate retention and breeding experience on 

breeding performance of the hair-crested drongo (Dicrurus hottentottus) by 

carrying out both cross-sectional and longitudinal analyses. Pairs with longer 

pair-bond duration did not fledge more young or fledglings of better body 

condition, nor did they produce more or better fledglings than newly formed pairs 

consisting of at least one experienced breeder, i.e. individuals that had bred before. 

Individuals produced fewer fledglings when they were paired with an 

inexperienced breeder, especially when females were paired with inexperienced 

males. Although clutch size was not affected by mate retention or breeding 

experience, pairs consisting of inexperienced breeder(s) had a relatively higher 

predation rate of eggs and/or nestlings, because they may be less effective in nest 

defence. The onset of breeding was advanced in the year following mate retention, 

but not in the second year thereafter, when pairs still remained together. 

Furthermore, only the breeding experience of the male determined the onset of 

breeding: pairs consisting of inexperienced males bred later in the season. Our 

results suggest that breeding experience, and particularly the breeding experience 

of the male, but not mate retention, is important in determining the breeding 

performance of hair-crested drongos.
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Introduction 

 

Social monogamy is the predominant mating system in birds (Lack 1968; Bennett 

and Owens 2002; Griffith et al. 2002). Breeding pairs may remain together for one 

breeding season (seasonal monogamy), or continuously for several years (perennial 

monogamy) (Smith 1978). Breeding with the same mate repeatedly (perennial pair) 

may be favourable, because finding or fighting for a new mate and/or territory can 

be costly (Ens et al. 1996), and reproductive success may decrease after changing 

mates (Hatch and Westneat 2007; Gabriel and Black 2013). Most studies 

comparing the mean breeding performance of pairs that breed either with the same 

or a different mate than the previous year, show that perennial pairs have a higher 

reproductive success than newly formed pairs (Perrins and McCleery 1985; Black 

and Hulme 1996; Hatch and Westneat 2008, but see Pampus et al. 2005). However, 

in these studies perennial pairs may consist of more individuals of high quality 

(older and more experienced) relative to newly formed pairs, which may also 

contribute to higher reproductive success (Black and Hulme 1996; van de Pol et al. 

2006). The poor breeding performance of newly formed pairs may not be a 

consequence of partner switching, but a consequence of newly formed pairs 

consisting of young, inexperienced, low-quality birds, who have little chance of 

staying together and/or being less experienced in breeding (Ens et al. 1996; Hatch 

and Westneat 2007). Yet, this potentially confounding effect needs to be controlled 

for in the analyses of mate retention. This problem can be solved by comparing the 

breeding performance of individuals across two consecutive years, that either did 

or did not switch breeding partners in the second year (Ens et al. 1996; Llambías et 

al. 2008). However, investigations of the fitness benefit of mate retention using 

longitudinal analysis are rare (Llambías et al. 2008). 

In this study, we investigated the influence of mate retention and breeding 

experience on breeding performance (for this study this includes laying date, clutch 

size, survival of eggs to fledglings, number of fledglings and body condition of the 

fledgling) of the hair-crested drongo (Dicrurus hottentottus), a migratory passerine, 

by carrying out both cross-sectional and longitudinal analyses. Individuals in this 

species form long-term socially monogamous pair bonds and are highly faithful to 

their previous season's mate (Rocamora and Yeatman-Berthelot 2009). They also 

show extreme site fidelity to their previous territories in that individuals build nests 

in trees in the vicinity of their previous nest tree, reuse the same nest tree, or 

sometimes even using the same tree branch. These characteristics allowed us to 

focus on the same individuals over consecutive years and examine the potential 
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mechanisms that influence mate retention and breeding experience on breeding 

performance. First, we explored whether mate retention and breeding experience 

influenced the number of fledglings produced. Second, to determine whether 

perennial pairs performed better than newly formed pairs and whether individuals 

that had breeding experience performed better than first-time breeders, we 

compared differences in laying date, clutch size and the proportion of eggs in the 

nest that survived to fledging. Third, we investigated the influence of pair-bond 

duration, i.e. the number of years that the same individuals bred together, on both 

laying date and number of fledglings. Fourth, we examined the effects of mate 

retention and breeding experience on body condition of fledglings. 

 

Materials and methods 

 

Study site and species 

We conducted this study at Dongzhai National Nature Reserve in the Dabieshan 

Mountains, (Dongzhai, Henan Province, central China, 31.95° N, 114.25° E, 

elevation 100-840 m; for more information on the study site see Li et al. 2009). 

The size of the study area is approximately 400 hectares. 

The hair-crested drongo is a medium-sized passerine with males being slightly 

larger and brighter than females (Chen and Luo 1998). Birds, which breed in 

central and southern China, are traditionally thought to overwinter in Indochina 

(Rocamora and Yeatman-Berthelot 2009). Hair-crested drongos arrive in late April 

on our study site, and leave before the middle of October (Z Gao et al. 2006). They 

are highly faithful to their mates. In 2011-2014, 87.8% of the breeding pairs (N = 

98) kept pair bonds if both male and female returned. Adults also have high 

breeding site fidelity with 89.5% of males (N = 143) and 79.5% of females (N = 

146) occupying the same territory as they did in the previous year. The average 

dispersal distance of those that moved to new territories was 131.9 ± 22.3 (mean ± 

SE) metres for males (N = 12) and 154.2 ± 28.6 (mean ± SE) metres for females (N 

= 29; L. Lv, unpublished data). Both parents participate equally in all breeding 

activities, including nest building, incubation and feeding of offspring (Chen and 

Luo 1998). Clutch size varies from 3 to 5 eggs (3.93 ± 0.30, mean ± SE, N = 276) 

with a high hatching rate of 92.8% (N = 484, L. Lv, unpublished data). Due to an 

abundance of food, no nestlings died of starvation if they did not fall victim to 

predation (2008 to 2014: 593 hatchlings from 166 nests of 105 males and 109 

females were monitored until fledging, L. Lv, unpublished data). The main reason 

for unsuccessful breeding is nest predation by e.g. Eurasian Jays (Garrulus 
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glandarius) and Besra Sparrow Hawks (Accipiter virgatus) (L. Lv personal 

observation). As both parents defend their nests aggressively against predators over 

the course of the breeding season, 66.2% of nests producing at least one fledgling 

(N = 464). 

 

Data collection 

Data collection took place from 2008 to 2014. Every year we located nests by 

checking the trees that had been used in previous years or by systematically 

searching the forest for nests. Adult drongos were captured by mist-netting either 

during incubation or the nestling-provisioning period in close proximity to nest 

trees. Birds were marked individually with a metal ring and a unique combination 

of colour rings. None of the individuals we caught abandoned their nest after 

release. Sex of the adults was determined by the size of the brood patch, which is 

distinctively larger in females. The identity of parents at each nest were determined 

either through direct observation with a telescope or binoculars or indirectly 

through video recordings. The latter were taken by placing video cameras (Sony 

HDR-160E, Sony HDR-260E or Samsung F40) at approximately 20 metres from 

the nest. In cases where only one parent was ringed, we deduced the sex of the 

unringed parent by the sex of its ringed partner. Nests were checked every one to 

three days to determine laying date, clutch size, hatching date, number of nestlings 

and number of fledglings. Nestlings were weighed to the nearest 0.1 g when they 

were between fourteen and eighteen days old (four to zero days before fledging) by 

using a digital balance. Each nestling was then ringed with a metal ring only. 

In 2008 and 2009, the breeding performance of 38 and 37 pairs respectively, of 

which 19.7% and 14.9% were ringed, was monitored. From 2010 to 2014, we 

studied the population more intensely with on average 76 pairs monitored each 

year and on average 77.5% of parents ringed. We presume that almost all nests 

present in the area were found over those years, since we searched for nests 

extensively and 72.5% of nests (N = 414) were found before the onset of egg laying. 

Thus, from 2011 onwards, we consider all birds without rings to be recruited 

inexperienced first-time breeders due to (1) our study area being quite large and 

covering around 80 territories, (2) almost all nests having been located and most of 

adults having been ringed from 2010 onwards, (3) adult hair-crested drongos 

having high breeding site fidelity and small breeding dispersal distances. 

 

Mating status and breeding experience classes 

According to the ringing records, breeding pairs were classified into five types on 
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the base of whether each respective partner had previous breeding experience and 

whether pair partners had bred together in the past. Thus, pairs were categorized as 

(1) perennial pairs of mates retained (PP); (2) newly formed pairs consisting of an 

experienced male and an inexperienced female (EMIF); (3) newly formed pairs 

consisting of an inexperienced male and an experienced female (IMEF); (4) newly 

formed pairs consisting of two experienced breeders (EMEF); and (5) newly 

formed pairs consisting of two inexperienced breeders (IMIF). To study the effects 

of mate retention and breeding experience on breeding performance, 240 breeding 

attempts by 114 males and 122 females were examined. To avoid the potential 

influence of age on reproductive success (Reed et al. 2008; Nussey et al. 2013), 

only the first two consecutive years of perennial pairs were used in comparisons 

between pair categories. For newly formed breeding pairs consisting of an 

experienced and an inexperienced breeder in a given year X+1, we considered only 

year X+1 in our analysis in cases in which any of the partners gained breeding 

experience (for the inexperienced breeder in year X) and paired with another 

inexperienced breeder in year X+2 year to avoid pseudoreplication. 

 

Data analyses 

Since most nestlings (76.0%, N = 233) were measured on days 15 and 16 after 

hatching, the total number of fledglings was equal to the number of nestlings 

sampled in the nest. At this point, nestlings already started to move out of the open 

nest and could be found standing on the nest branch or branches nearby. In order to 

control for annual variation, we standardized number of fledglings (total number of 

fledglings produced in one breeding season), clutch size and proportion of eggs in 

the nest that survived to fledging (restricted to first clutches), respectively, by 

subtracting the mean of each parameter in any given year and subsequently 

dividing the difference by the standard deviation of that year. We also standardized 

laying date of each nest by subtracting the date of the first egg laid in any given 

year. As nestling body mass is correlated with age (Pearson‘s correlation 

coefficient r = 0.153, p < 0.001, N = 699), we use the residuals from a regression of 

mass on age as true body mass of fledglings. The corrected body mass then was 

used as a measure of body condition at fledging (Magrath 1991; Naef-Daenzer et al. 

2001).  

To investigate the influence of mate retention and breeding experience on 

number of fledglings, we carried out both cross-sectional and longitudinal analyses. 

In the cross-sectional analyses, we carried out a Kruskal-Wallis ANOVA on ranks 

to compare the relative number of young fledged in all pair categories (PP, EMIF, 
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IMEF and EMEF), apart from the IMIF pair category, in a given year X. This was 

either the year before mate retention or the year before new pair bonds formed. We 

then compared the relative number of fledglings in all five pair categories in year 

X+1, i.e. the first year of mate retention or the year of new pair formation. In the 

longitudinal analyses, we tested the relative number of fledglings produced by 

individuals before and when mates were retained or new pair bonds formed over 

two consecutive years (year X and year X+1) with Wilcoxon signed-rank tests 

within the pair categories PP, EMIF and IMEF, respectively. For EMEF pairs, we 

performed individual Wilcoxon signed-rank tests depending on whether individuals 

newly paired with (1) experienced males or (2) experienced females in year X+1 

due to the fact that those experienced males or females came from different 

breeding pairs in year X or years prior to X. For newly formed pairs that consisted 

of an experienced and an inexperienced breeder (EMIF and IMEF) in year X+1, 

and which remained bonded in year X+2, we tested whether they produced more 

fledglings in year X+2 than they did in year X+1.  

Following the procedures for testing mate retention and breeding experience on 

number of fledglings described above, we investigated how mate retention and 

breeding experience affected (1) laying dates, (2) clutch size and (3) proportion of 

eggs in a nest that survived to fledging, respectively. All three of these breeding 

parameters were restricted to first clutches per breeding season only, because 

hair-crested drongos generally are single-brooded and only 18.3% of the breeding 

pairs (N = 120) lay replacement clutches after their first clutch fails. 

To investigate the effect of pair-bond duration on either laying date or number 

of fledglings, we employed linear mixed models with pair identity as a random 

factor, years as a covariant factor and number of years retained with the same mate 

as a fixed factor. The denominator degrees of freedom in the analysis were 

obtained by using the ‗KRmodcomp‘ function from the R-package ‗pbkrtest‘, 

because our data were unbalanced (Kenward and Roger 1997; Halekoh and 

Højsgaard 2012). 

To test the influence of mate retention and breeding experience on body 

condition of fledglings, we carried out linear mixed models with corrected body 

mass as the response variable. Nest ID was used as a random factor and pair 

category was used as a fixed factor. The effect of pair-bond duration on body 

condition of fledglings was also analysed by fitting a linear mixed model with 

years as a covariant factor and number of years retained with the same mate as a 

fixed factor. Random effects were included for nest ID nested within breeding pair 

ID to control for covariances among breeding pairs and breeding attempts of each 
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pair in different years. The denominator degrees of freedom in the analysis were 

obtained by using the ‗KRmodcomp‘ function whenever data were unbalanced. 

All linear mixed models were performed in R.3.1.1 (R Core Team 2012), using 

the package lme4 (Bates et al. 2014). All the other analyses were performed using 

SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Parametric analyses were employed 

whenever data distribution fulfilled the normality assumptions (Shapiro-Wilks test); 

otherwise, nonparametric analyses were applied. All tests are given two-tailed and 

–level was set to p < 0.05. 

 

Results 

 

Influence of mate retention and breeding experience on breeding 

performance 

Number of fledglings 

We found no significant difference in the number of fledglings produced by each 

of the four pair categories in year X (all except IMIF, Figure 3.1a). In year X+1 

that pairs remained together or formed new pair bonds, pairs consisting of two 

inexperienced breeders (IMIF pairs) produced fewer fledglings than pair categories 

consisting of experienced males (PP, EMIF and EMEF pairs; Mann-Whitney 

U-tests, all: p < 0.05; Figure 3.1a). In contrast, experienced females fledged more 

young only when they were paired with experienced males in comparison with 

females that paired with inexperienced males (Mann-Whitney U-test: Z = -2.004; p 

= 0.047; Figure 3.1a). When comparing two consecutive years within each of the 

four pair categories (all except IMIF), experienced females tended to produce 

fewer fledglings when paired with inexperienced males relative to how many they 

produced in the previous year (Wilcoxon signed-rank test: Z = -1.680, p = 0.093; 

Figure 3.1a). In contrast, experienced males tended to fledge more young than in 

the previous year if paired with experienced females in year X+1 (Wilcoxon 

signed-rank test: Z = -1.660, p = 0.097). Moreover, EMIF and IMEF pairs that 

retained their par bonds in year X+2 produced more fledglings than they did in year 

X+1, when bonds were newly formed (although this was marginally 

non-significant in IMEF pairs: Wilcoxon signed-rank test, EMIF: Z = -2.045, p = 

0.041; IMEF: Z = -1.753, p = 0.080; Figure 3.1b).  
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Figure 3.1. Influence of mate retention and breeding experience on the number of 

fledglings in hair-crested drongos: (a) relative number of fledglings (for definition 

see below) produced by each pair category before (year X, filled bars) and the year 

of (year X+1, open bars) mate retention or new pair bonds formed; (b) relative 

number of young fledged in pairs that newly formed in year X+1 (filled bars) 

consisting an experienced and an inexperienced breeder, and in year X+2 (open 

bars) when they kept that bond. We use relative number of fledglings through 

standardising the total number of fledglings produced by one breeding pair in one 

breeding season by subtracting the mean number of fledglings produced throughout 

the population of any given year and subsequently dividing the difference by the 

standard deviation of that year. Pair categories: PP = perennial pairs of mates 

retained; EMIF = newly formed pairs consisting of an experienced male and an 

inexperienced female; IMEF = newly formed pairs consisting of an inexperienced 

male and an experienced female; EMEF = newly formed pairs consisting of two 

experienced breeders; IMIF = newly formed pairs consisting of two inexperienced 

breeders. Boxplots show medians and quartiles, whiskers 10th and 90th percentiles, 

and circles 5th and 95th percentiles. Sample sizes are given above the X-axis. * and 

** represent p < 0.05 and p < 0.01, respectively. 
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Figure 3.2. Relative laying date of each pair category before (year X, filled bars) 

and the year of (year X+1, open bars) mate retention or formation of new pairs in 

hair-crested drongos. Relative laying date was used through standardising laying 

date by subtracting the date of the first eggs laid in that specific year. Boxplots 

show medians and quartiles, whiskers 10th and 90th percentiles, and circles 5th and 

95th percentiles. Sample sizes are indicated above the X-axis. * and ** represent p 

< 0.05 and p < 0.01, respectively. 

 

Laying date 

With respect to the onset of breeding, pairs consisting of two inexperienced 

breeders (IMIF pairs) bred later than pairs consisting of experienced males (PP, 

EMIF and EMEF pairs). Furthermore, pairs consisting of inexperienced males and 

experienced females (IMEF pairs) bred later than perennial pairs (PP) 

(Mann-Whitney U-test, all: p < 0.05; Figure 3.2). When comparing the laying date 

between years, the onset of breeding was advanced when mates were retained, but 

was delayed when females formed new pair bonds with inexperienced males 

(Wilcoxon signed-rank test or t-test, respectively, both p < 0.05; Figure 3.2). 
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Figure 3.3. Influence of mate retention and breeding experience on the proportion 

of eggs in the nest that survived to fledging in hair-crested drongos: (a) proportion 

of eggs surviving to fledging in each pair category before (year X, filled bars) and 

the year of (year X+1, open bars) mate retained or pairs newly formed; (b) 

proportion of eggs in the nest that survived to fledging in pairs that newly formed 

in year X+1 (filled bars) consisting an experienced and an inexperienced breeder, 

and in year X+2 (open bars) when they remained paired. The proportion of eggs in 

the nest that survived to fledging was restricted to the first clutch and was 

standardized by subtracting the mean proportion of eggs in the nest that survived to 

fledging throughout population of any given year and subsequently dividing the 

difference by the standard deviation of that year. Boxplots show medians and 

quartiles, whiskers 10th and 90th percentiles, and circles 5th and 95th percentiles. 

Sample sizes are indicated above the X-axis. * and ** represent p < 0.05 and < 

0.01, respectively. 

 

Clutch size and the proportion of eggs in the nest that survived to fledging 

Clutch size did not differ between or within pair categories (Kruskal-Wallis 

ANOVA or Wilcoxon signed-rank tests, respectively, all: p > 0.05). However, the 

proportion of eggs in the nest that survived to fledging in IMIF pairs was lower 

than in PP pairs and tended to be lower than in EMIF pairs (Mann-Whitney U-test, 

PP: Z = -2.572; p = 0.010; EMIF: Z = -1.902; p = 0.057; Figure 3.3a). In two 

consecutive years, the proportion of eggs in the nest that survived to fledging in 

IMEF pairs tended to decrease (Wilcoxon signed-rank test: Z = -1.792, p = 0.073; 

Figure 3.3a). In contrast, the proportion of eggs in the nest that survived to fledging 

tended to increase both in EMIF and IMEF pairs when mates were retained in year 

X+2 (Wilcoxon signed-rank test, EMIF: Z = -1.600, p = 0.110; IMEF: Z = -1.753, 

p = 0.080; Figure 3.3b).  

 

Influence of pair-bond duration on the onset of breeding and number of 

fledglings 
Over the study period, the average length of pair-bond duration was 2.69 ± 0.13 

years (mean ± SE, N = 61, range 2-6 years). Pair-bond duration had no effect on 

laying date or number of fledglings produced (linear mixed model, laying date: F = 

1.01, df = 96.8, p = 0.218; number of fledglings: F = 0.66, df = 59.3, p = 0.502).  
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Influence of mate retention and breeding experience on body condition 

of fledglings 

The body condition of fledglings did not differ between pair categories in year X 

(linear mixed model, F = 0.18, df = 83.7, p = 0.910) and in year X+1 (linear mixed 

model, F = 0.18, df = 76.0, p = 0.948) when mates were retained or new pair bonds 

were formed. Pair-bond duration also had no effect on the body condition of 

fledglings (linear mixed model, F = 0.20, df = 26.4, p = 0.938). 

 

Discussion 

 

Influence of mate retention and breeding experience on reproductive 

success 

Mate retention is the most common mating strategy in hair-crested drongos. If both 

mates survived to the next breeding season, only 13.1% of the total breeding pairs 

(N = 107) split up to breed with a new partner. It has been suggested for other 

species that mate retention saves time and energy spent finding a new mate, which 

instead can be spent on reproduction (Black and Hulme 1996; Adkins-Regan and 

Tomaszycki 2007). Furthermore, by retaining one‘s mate, the coordination of 

reproductive behaviours like behavioural synchrony and compatibility between 

partners may be improved, as mates are already familiar with one another (Griggio 

and Hoi 2011; Rooij and Griffith 2013, but see Gabriel and Black 2013). This, in 

turn, contributes to a better breeding performance compared with newly formed 

pairs (Choudhury et al. 1996; Spoon et al. 2006; Spoon et al. 2007, but see Lewis et 

al. 2009). In our study, however, hair-crested drongos did not perform better after 

mate retention in terms of reproductive success. 

Hair-crested drongo pairs that remained together in the following year did not 

fledged more young than they did in the first year they bred together, which is 

consistent with other studies (McDonald et al. 2004; Pampus et al. 2005; Llambías 

et al. 2008). Furthermore, perennial pairs did not produce more fledglings than 

newly formed pairs, except if newly formed pairs consisted of two inexperienced 

breeders (IMIF pairs). Meanwhile, newly formed pairs that consisted of an 

experienced and an inexperienced breeder (IMEF and EMIF pairs, respectively) 

fledged more young in the following year if they remained together. However, this 

may be due to the cumulative breeding experience of the originally inexperienced 

breeders (Pampus et al. 2005; Hatch and Westneat 2008). Both experienced and 

inexperienced females that paired up with experienced males produced more 
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fledglings than if they formed bonds with inexperienced males. This was also true 

in the longitudinal analysis, where females tended to fledge fewer young relative to 

the previous year, after they engaged in a new bond with an inexperienced male. 

This implies that the breeding experience of the male is critical in determining 

reproductive success. Inexperienced males can improve their prospective breeding 

performance during their first breeding experience. The breeding experience of 

females also influences the breeding performance of the pair with inexperienced 

females causing a reduced reproductive success, but the effect is much weaker than 

in the case of inexperienced males (Figure 3.1). The fact that there was no 

difference in the number of fledglings between pair categories before switching 

mates provides further evidence for the influence of breeding experience on 

breeding performance. In this species, most mate switches occur when a former 

mate die. Thus, most adults of these pair categories are experienced breeders before 

switching mates. Meanwhile, body condition of fledglings was not affected by 

mate retention or breeding experience, which suggested that, although the number 

of fledglings was different in some pair categories (see above), the quality of 

fledglings was not different between pair categories. Therefore, both our 

cross-sectional and longitudinal results support the idea that breeding experience, 

and particularly the breeding experience of males, influences reproductive success 

in hair-crested drongos. 

 

Influence of mate retention and breeding experience on the onset of 

breeding 

The hair-crested drongo is a long-distance migrant with a relatively long period of 

post-fledging parental care, which lasts for approximately 50 days (Rocamora and 

Yeatman-Berthelot 2009). Early breeding might improve reproductive success, 

because offspring fledged earlier in the season will have more time to gain mass 

and increase their foraging skills before the fall migration. Additionally, parents of 

earlier clutches may have more chances to produce a successful replacement clutch 

in cases where the first clutch fails (Dhondt 1987; Naef-Daenzer et al. 2001; 

Becker and Zhang 2010). In our study, the laying date was advanced in the first 

year of mate retention, which is consistent with other studies (Fowler 1995; Black 

and Hulme 1996; Llambías et al. 2008). However, the laying date was not 

influenced by longer-term pair-bond duration. As we only used the first two 

consecutive years of perennial pairs to test whether the laying date changed when 

mates were retained relative to the year prior, it suggests that mate retention will 

advance the onset of breeding in the first year of mate retention, but not from the 
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second year onwards. 

Perennial pairs bred earlier than newly formed pairs, which matches patterns 

found in many other studies (Rowley 1983; Black and Hulme 1996; Pampus et al. 

2005; Hatch and Westneat 2008, but see Llambías et al. 2008). However, contrary 

to many other studies where timing of breeding hinges on females (DeSteven 1978; 

Hipfner et al. 1997; González-Solís et al. 2004; de Forest and Gaston 2014), we 

found that the onset of breeding of newly formed pairs depended on the breeding 

experience of males. Newly formed pairs that consisted of inexperienced males 

initiated breeding attempts later than did pairs that consisted of experienced males, 

regardless of the breeding experience of females. Furthermore, females that paired 

up with inexperienced males bred later than they did in the previous year. Laying 

date, however, was not delayed if experienced males paired with inexperienced 

females. Younger and inexperienced males usually arrive later, because they may 

be in poorer physical condition and migrate more slowly relative to older and 

experienced males (Lundberg and Alatalo 1992; Dittmann and Becker 2003; 

Mitrus 2007). Hair-crested drongos behave like many other passerines in that males 

establish the territory and attract females. Young and inexperienced males that 

attempt to breed for the first time may need more time to find suitable females and 

establish territories to breed since they suffer from aggression and competition of 

early-arriving older and experienced males (Hill 1989). However, this may not be 

the case for young and inexperienced female hair-crested drongos, because 

widowed experienced males usually retain their former territories and engage in 

attracting first-time breeding females. Thus, the arrival date and the time needed 

for establishing a territory might be the reason why the breeding age and 

experience of males, but not females, matters in hair-crested drongos. Future 

studies with detailed information of arrival date and pair formation date will offer a 

good opportunity to investigate the male phenotypic contribution to laying date, a 

trait classically attributed to the female. 

 

Influence of mate retention and breeding experience on other breeding 

performance parameters 

The size of the first clutch produced in any given year was not influenced by mate 

retention or breeding experience. The proportion of eggs in the nest that survived to 

fledging, was similar for perennial pairs and newly formed pairs consisting of at 

least one experienced breeder. However, the proportion of eggs that survived to 

fledging tended to be lower when females paired up with inexperienced males. In 

contrast, the proportion of eggs in the nest that survived to fledging in newly 
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formed pairs consisting of an experienced and an inexperience breeder (EMIF and 

IMEF pairs), tended to increase when mates were retained in the following year. 

This implies that the cumulative breeding experience of inexperienced breeders 

from the first-time breeding leads to a higher reproductive success. Hatching 

success is high in hair-crested drongos and the main reason for nest failure is 

predation on eggs and/or nestlings. This may well be the reason for a lower 

reproductive success of pairs consisting of inexperienced breeders, as 

inexperienced breeders are usually less skilled in protecting eggs or nestlings from 

predators (Forslund and Pärt 1995). Furthermore, male hair-crested drongos are 

slightly larger than females and take more responsibility in defending nests from 

predators (Rocamora and Yeatman-Berthelot 2009), therefore, rendering the 

breeding age and experience of males more important in determining the 

reproductive success. 

Replacement clutches may reduce the negative effect of nest predation on 

breeding performance (Arnold 1993; Amat et al. 1999; Hipfner et al. 1999; Arnold 

et al. 2010). In our study, the three breeding pairs consisting of two experienced 

breeders, successfully re-nested after the failure of their first clutches and produced 

at least one fledgling. In contrast, of the eleven breeding pairs consisting of two 

inexperienced breeders, only two produced replacement clutches after failure of 

first clutches, and only one of those successfully fledged young from the 

replacement clutch. Fledging young from replacement clutches might be the reason 

why pairs consisting of two experienced breeders produced more fledglings than 

those pairs consisting of two inexperienced breeders.  

 

Influence of pair-bond duration on breeding performance 

Several studies have shown that individuals optimise the onset of breeding and 

breeding performance through repeated breeding attempts with the same partner 

(Bradley et al. 1995; van de Pol et al. 2006; Naves et al. 2007; Nisbet and Dann 

2009, but see McDonald et al. 2004). In our study, however, neither the onset of 

breeding or number of fledglings were influenced by pair-bond duration. This, 

combined with the fact that perennial pairs and newly formed pairs of two 

experienced breeders did not differ in these two variables, suggests that 

hair-crested drongos do not benefit from mate retention in terms of breeding 

performance. It is interesting to note that all previous studies that reported an 

improved breeding performance when pair bonds lasted over extended periods, 

occurred in long-lived birds (Bradley et al. 1995; Black 2001; van de Pol et al. 

2006; Naves et al. 2007; Nisbet and Dann 2009). In contrast, the average length of 
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pair-bond duration in the hair-crested drongo was less than 3 years, which is much 

shorter than in previous studies. Improved breeding performance in this relatively 

short-lived species, which usually happened from the first year of breeding to the 

second year of keeping pair bonds, may be prolonged in long-lived birds during the 

pair-bond and therefore show an obvious pattern of improving breeding 

performance. 

 

Why might hair-crested drongos engage in mate retention although 

they do not improve their breeding performance? 

Mate retention may be a by-product of breeding site fidelity if it results from both 

male and female returning to their previous breeding site (Burger 1974, Morse and 

Kress 1984, Cuthbert 1985, Pietz and Parmelee 1994, Ens et al. 1996, Naves et al. 

2007, Bai and Severinghaus 2012, but see Bried et al. 2003, Robert and Paiva 

2014). In hair-crested drongos, 92.3% of males (N = 39) and 71.4% of females (N 

= 28), whose initial mates of the previous year were presumed dead as they were 

not recorded over two consecutive years, reused the same breeding sites as in the 

previous year. This suggests that both male and female hair-crested drongos are 

quite faithful to their breeding sites. This, in turn, might lead to pairs breeding 

together again. If so, the evolution of mate retention in hair-crested drongos may 

not be related to fitness benefits of long-term partnerships. Nonetheless, 75.0% of 

recruited breeding birds (N = 8), who were ringed as fledglings, were produced by 

perennial pairs, whereas the rest was produced by all other pair categories 

combined (L. Lv, unpublished data). As the total number of fledglings produced by 

perennial pairs was similar to the number of fledglings from all four other pair 

categories combined over the 2011-2014 period (perennial pairs: 242 fledglings; 

other pair categories: 224 fledglings), it suggests that fledglings from perennial 

pairs may have a higher chance of surviving until breeding. This, however, may 

also be explained by a correlation between high quality breeding sites combined 

with high site fidelity. If individuals are more faithful to high quality breeding sites 

compared to low quality ones (Bollinger and Gavin 1989, Newton 1993, Bried and 

Jouventin 1999, but see Jiménez-Franco and Martínez 2013), it may lead to pairs in 

high quality sites being more likely to remain paired. Thus, the higher survival rate 

of fledglings from perennial pairs may have been caused by better growth 

conditions of high quality breeding sites. Only by clarifying the relationship 

between breeding site fidelity and mate retention while considering the influence of 

breeding site quality and individual quality, can the underlying benefits and 

mechanisms of mate retention be uncovered. 
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Abstract 

 

In socially monogamous species with bi-parental care, males may face a trade-off 

between parenting effort and pursuing extra-pair matings. The ―parental-mating 

trade-off‖ hypothesis predicts that males who are more successful at obtaining 

extra-pair matings (high quality) should provide less parental care. However, 

former studies have largely ignored potential confounding effect of availability of 

extra-pair mating opportunities for males in testing this hypothesis. Therefore, we 

explore whether the variation in paternal care is explained by the interaction 

between male quality and the number of local fertile females in the socially 

monogamous hair-crested drongo (Dicrurus hottentottus). We found males with 

longer tarsi were heavier and more likely to sire extra-pair offspring. In agreement 

with the ―parental-mating trade-off‖ hypothesis, longer-tarsus males incubated less, 

but they only did so above a threshold number of local females being fertile. 

Females incubated more to compensate for the reduced incubation attendance of 

their partners, but this compensation was not dependent on male tarsus length 

(rejecting the ―positive differential allocation‖ hypothesis). Our results highlight 

the need for future studies to quantify available mating opportunities when 

investigating how individual quality shapes the optimal investment allocation for 

males between parenting and mating efforts, and reveals the mechanism of how 

female parental care is affected by the quality of their partners.  
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Introduction 

 

Paternal care, where males invest time and energy in raising offspring, is a 

widespread phenomenon in socially monogamous animals (Clutton-Brock 1991; 

Ketterson and Nolan 1994). Males may benefit from caring for their offspring, but 

in contrast to females their fitness can also be strongly determined by the extent to 

which they can achieve additional fertilizations (Bateman 1948). Therefore, males 

in such species may be confronted with a trade-off between allocating resources 

(e.g. time and energy) in providing parental care and trying to obtain additional 

fertilizations by extra-pair matings (―parental-mating trade-off‖ hypothesis, 

Magrath and Komdeur 2003; Stiver and Alonzo 2009). This is especially the case 

when extra-pair mating opportunities for males coincide with periods in which they 

provide parental care (Grafen 1990; Andersson 1994), and which of these two 

strategies prevails in such periods depends on the relative fitness benefits of 

paternal care versus pursuing additional matings. 

If females mate with extra-pair males to obtain good genes for their offspring 

(Griffith and Immler 2009; Puurtinen et al. 2009), males‘ extra-pair matings 

success would depends on traits that reflect their genetic quality (attractiveness), 

like size, age or ornaments (Akçay and Roughgarden 2007; Bitton et al. 2007; 

Cleasby and Nakagawa 2012). Meanwhile, if males compete for extra-pair mating 

opportunities (McKinney et al. 1983; Castro et al. 1996; Kempenaers et al. 1997; 

Westneat and Stewart 2003), traits that determining the outcome of male-male 

competition, such as tarsi length (Vedder et al. 2010), would determine males‘ 

ability in gaining extra-pair matings (competitiveness). Variation in such traits, 

reflecting the potential for extra-pair mating success, may therefore define the 

optimal investment between providing parental care and pursuing extra-pair mating 

of different males. It can be expected that high quality males (more attractive 

and/or competitive), who have a higher chance of obtaining extra-pair matings, 

should invest more in mating effort and less in parenting effort. However, tests of 

this ―parental-mating trade-off‖ hypothesis have provided contrasting results 

(Kokko 1998; Nakagawa et al. 2007; Diniz et al. 2015; Grunst and Grunst 2015). 

One reason for this inconsistency may be that the influence of the availability of 

fertile females, and thus male extra-pair mating opportunities is often overlooked 

(Magrath and Komdeur 2003; Stiver and Alonzo 2009; Hill et al. 2011). However, 

due to variation in local density and breeding synchrony, the number of fertile 

females in the vicinity often varies spatially and temporally (Westneat and Sherman 

1997; Chuang et al. 1999; Richardson et al. 2001; Mayer and Pasinelli 2013), 
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which may affect extra-pair mating opportunities for males and thus the effort and 

time they should invest in seeking such matings. Thus, studies aimed at testing the 

―parental-mating trade-off‖ hypothesis should incorporate both the effects of male 

quality and the availability of fertile females on males‘ relative investment in 

parental care and pursuing extra-pair mating. To our knowledge, there is only one 

study that considered the influence of available extra-pair mating opportunities 

when investigating the relation between male quality and paternal care. Smith and 

Montgomerie (1992) reported that the incubation attendance of male barn swallows 

(Hirundo rustica) was not affected by their quality (tail length), the availability of 

extra-pair mating opportunities, or their interaction. However, in their study system, 

male care seems to have limited fitness consequences (on average males 

contributed only 9% of total incubation), which, in combination with modest 

sample size (N = 16), likely resulted in insufficient power to draw firm conclusions 

about the ―parental-mating trade-off‖ hypothesis (Magrath and Elgar 1997). 

Another, more conceptual problem with the parental-mating trade-off 

hypothesis is that the ―positive differential allocation‖ hypothesis also predicts a 

negative relationship between male quality and paternal care (Burley 1986; 

Sheldon 2000). It states that females investing more resources in offspring sired by 

high quality males when such offspring are of genetically higher quality. If this is 

the case, females liberate their high quality partners from providing care, who may 

search for extra-pair matings instead, but in such cases reduced paternal care is not 

a direct effect of an optimal parental-mating trade-off by males. Thus, testing the 

―parental-mating trade-off‖ hypothesis without considering the ―positive 

differential allocation‖ hypothesis may lead to a misinterpretation of the underlying 

mechanism in the relationship between male quality and paternal care. By 

investigating whether the presence of fertile females drives male investment in 

parental care in addition to quality may circumvent this problem, because paternal 

care in relation to male quality should be independent of the number of nearby 

fertile females if high quality males‘ partners are willing to contribute more in 

parental care. However, if the link between male quality and his paternal effort 

depends on the availability of fertile females, it strongly suggests that 

compensation by females is the result of male behaviour, rather than differential 

allocation by females. 

Here we test the ―parental-mating trade-off‖ hypothesis during the incubation 

period of the socially monogamous hair-crested drongo (Dicrurus hottentottus), a 

territorial songbird with bi-parental care. Males contribute on average 40.9% (191 

breeding attempts of 110 males) of the total incubation attendance. During this 
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period, males also seek extra-pair matings and most (58.3%) of extra-pair 

fertilizations (N = 12) occur during this relatively brief period (L. Lv, unpublished 

data). In this study, we investigate whether male hair-crested drongos trade off 

incubation attendance and mating effort according to their own quality and the 

availability of extra-pair mating opportunities. We hypothesize that high quality 

males incubate less, but only when they have more extra-pair mating opportunities. 

Additionally, we investigate whether the social partner compensates for the males‘ 

reduced investment and whether variation in female investment depends on male 

quality or is a direct response to reduced paternal care. Thus we test the 

parental-mating trade-off hypothesis while considering the often overlooked 

opportunities for males in pursuing extra-pair mating. Additionally, we make 

inferences on whether female care adjusted to male quality (the ―positive 

differential allocation‖ hypothesis) may be an alternative explanation for a 

relationship between male care and his quality. 

 

Materials and methods 

 

Study Site, Population and Field Procedures 

We collected data for this study yearly from 2010 to 2014 in a natural population 

of hair-crested drongo breeding in the Dongzhai National Nature Reserve (31.95° 

N, 114.25° E) in central China (for more information about the study site see Li et 

al. 2009). Each year, between 47 and 86 breeding pairs were present within the 

study area of approximately 400 ha. Almost 80% of the adults were ringed with a 

unique set of colour rings. 

The hair-crested drongo is a medium-sized migratory passerine with long-term 

socially monogamous pair bonds and exhibits high adult breeding site fidelity (84.4% 

of the surviving breeders (N = 289) returned to the same breeding site in the next 

year; L. Lv, unpublished data). At our study site, hair-crested drongos arrive from 

their wintering ground (Indochina; Rocamora and Yeatman-Berthelot 2009) in late 

April and leave before mid-October (Zhenjian Gao et al. 2006). They typically use 

the same nest tree as the previous year and actively defend their territory against 

conspecifics. Both parents participate almost equally in all breeding activities, 

including nest building, incubation and feeding of offspring (Chen and Luo 1998). 

Modal clutch size is four (75.6%, range 3-5, N = 275) and the median incubation 

period is 17 days (from the laying of the last egg to hatching of the last chick). 

During breeding, parents aggressively defend their nests from predators, which 

leads to about two thirds of the nests producing at least one fledgling. The species 
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is generally single-brooded but 18.3% of the breeding pairs (N = 120) laid 

replacement clutches after their first clutch failed (L. Lv, unpublished data). 

Each year, we searched for nests by checking trees which had been used 

previously as nest trees, and potential nesting sites in the forest. Nests were 

checked every one to three days to determine laying date, clutch size, hatching date, 

and number of nestlings and fledglings. We captured adults by mist-netting in close 

proximity to the nest trees during incubation or nestling-provisioning. Sex of the 

adults was determined by the size of the brood patch (Chen and Luo 1998), which 

was distinctively larger in females and in cases where only one parent was ringed, 

we determined the sex of the unringed parent based on the sex of its ringed partner. 

Standard morphological measurements such as bill length, bill-head length, tarsus 

length, wing length, tail length, body length and weight were taken by using 

callipers or rulers to the nearest 0.01 or 0.1 mm, or scales to the nearest 0.1g. The 

characteristic long hair-like feathers, which sprang from the forehead and extended 

over the hind crown and upper back, were also measured or counted for the length 

of the longest, the average length of the longest three and the number of hairs. We 

collected a blood sample from each adult via venepuncture of the brachial vein and 

sopped up the sample with alcohol (95%) soaked cotton swabs. The blood samples 

of nestlings were collected in the same way when they were 16 or 17 days old (one 

or two days before fledging). Tissue samples of dead nestlings that were found 

directly beneath nests were also collected. 

During 2011-2014, all nests with at least one ringed parent were filmed during 

the incubation period to determine the incubation attendance of both individuals. 

For nests used in this study, most (68.9%, N = 167) were filmed on the fifth or 

sixth day of incubation (range 1
st
 to 14

th
). Each nest was filmed either in the 

morning (6 am to 12 am) or in the afternoon (14 pm to 19 pm) for at least 3h (mean 

± SE: 195.6 ± 3.6 min, N = 167). Video cameras (Sony HDR-160E, Sony 

HDR-260E or Samsung F40) were fixed on tripods and placed on the ground or 

tied on another tree nearby the nest tree with a distance of 10 to 30 meters from the 

nest. Adult birds returned to the nest soon after the observer left and we did not 

detect any apparent effects of the cameras or tripods on incubation behaviour. As a 

precaution, however, we excluded the period before a bird first visited the nest after 

the installation of the camera from analyses. 

 

Molecular parentage analyses 

We extracted DNA from blood or tissue samples of both parents and nestlings via a 

salt extraction procedure (Richardson et al. 2001). Eleven microsatellite markers 
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were utilized to genotype parents and nestlings and they were amplified in three 

independent multiplex PCR reactions. Eight markers were newly developed for the 

hair-crested drongo by All Genetics & Biology SL (A Coruña, Spain), and 

amplified in multiplex 1 (Dh14, Dh27, Dh32 and Dh54) and multiplex 2 (Dh8, Dh9, 

Dh31 and Dh52). Multiplex 3 consisted of three markers previously developed for 

other bird species: Mjg1 (Li et al. 1997), Pocc8 (Bensch et al. 1997) and Pdo6 

(Griffith et al. 1999). The reaction conditions were the same for all multiplex 

reactions, and were carried out in a 10 µl volume (containing 20-50 ng DNA) using 

a QIAGEN Multiplex PCR Kit and manufacturer protocol. The PCR program was 

one cycle of 95°C for 15 min, then 30 cycles of 94°C for 30 s, 56°C for 1.5 min 

and 72°C for 1 min, followed by eight cycles of 94°C for 30s, 52°C for 1.5min and 

72°C for 1 min, and a final cycle of 60°C for 30 min. Fluorescently labelled PCR 

products were sized on an AB3730 DNA analyser. Subsequently, allele lengths 

were scored with GeneMapper 4.0 software (Applied Biosystems). 

The genotype of the nestlings matched their social mother in 99.3% of the cases 

(N = 690, five unmatched nestlings were excluded from analyses). Using Cervus 

3.0 (Kalinowski et al. 2007), the combined sire exclusion probability of the eleven 

markers was calculated to be 0.99632 for the first parent and 0.99988 for the 

second parent (given the genotype of mother). By comparing the genotypes of each 

nestling with its social father, a nestling was assigned as an extra-pair offspring if 

there were at least two mismatches between the genotype of the social father and 

the nestling. For all extra-pair offspring, we attempted to assign paternity to one of 

all the breeding males sampled during that year or in previous years, using Cervus. 

Extra-pair paternity was assigned when one of the sampled males in the population 

matched all of the offspring‘s paternal alleles given the mother‘s genotype. A total 

of 64 extra-pair offspring (9.3%) were identified from 690 offspring belonging to 

228 broods (16.7% of broods contained at least one extra-pair offspring). Among 

them, 35 extra-pair offspring (54.7%) were successfully assigned paternity to, in 

total, 13 genetic fathers. Males who obtained extra-pair paternity were only rarely 

cuckolded themselves: only in one of the 13 cases a male who had gained 

extra-pair paternity was cuckolded himself also. 

 

Data Analyses 

We used the video recordings to score the incubation attendance of both parents. 

Six incubation parameters were used in this study: male incubation attendance 

(min/h), male incubation absence (min/h, 60 min - male incubation attendance), 

female incubation attendance (min/h), overall nest incubation attendance (%), 
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average duration of male incubation bouts (min), and average duration of male 

recess periods (min).  

Last incubation bouts were almost always not fully covered in the recording 

period, because incubating parents left the nest when we removed the filming 

equipment or the cease of filming, and consequently lead to an underestimation in 

the average length of incubation bouts. Therefore, the last incubation bout was not 

included in calculating average duration of incubation bouts, but included in 

calculating incubation attendance, if the male incubated less than 24.94 min or the 

female incubated less than 40.60 min in that bout (resembling the average 

durations of incubation bouts of 52 undisturbed males and 56 females, 

respectively). As incubation bouts of both male and female are repeatable (R male = 

0.154 ± 0.084, N = 52, p = 0.023; R female = 0.649 ± 0.056, N = 56, p < 0.001; 

Lessells and Boag 1987), complete incubation bouts of short-bout individuals are 

more likely has already been covered in the recording period. Meanwhile, long 

incubation bouts (9.0% of incubation bouts was longer than 60 min, in total N = 

465) which are interrupted at the end of the recording period for long-bout 

individuals can be saved. This method likely accurately reflects the average 

duration of incubation bouts. 

We compared 10 morphological traits (mentioned in the method before) 

between males who gained extra-pair paternity (N = 12, excluding the male who 

also lost paternity in its own brood) with males who did not (N = 140). For all 

morphological traits, only the tarsus length was significantly different (tarsus 

length: t-test, t = 2.284, p = 0.024; other traits: t-test or Mann-Whitney U-test, all: 

p > 0.177), as males who gained extra-pair paternity (26.69 ± 0.23 mm, mean ± SE) 

had 2.2% longer tarsi than males who did not (26.11 ± 0.07 mm, mean ± SE). 

Although it was not significant if –value was set as 0.005 according to Bonferroni 

corrections for 10 comparisons (Bland et al. 1995), extra-pair males had longer 

tarsi than within-pair males they cuckolded (pair t-test, t = 3.458, p = 0.003, N = 

19). Therefore, it suggested that males who gained extra-pair paternity differed in 

tarsus length with males who did not. Thus, male tarsus length was used as a proxy 

for a male‘s likelihood to obtain an extra-pair mating (male quality). 

Extra-pair mating opportunity was quantified for each male by the number of 

fertile females within 216 meters from its nest (hereafter ‗circle‘) and in the 

annulus between the concentric circles radii of 216 and 570 meters (hereafter 

‗annulus‘). 216 and 570 metres constituted the average and maximum distance 

between the nests where male hair-crested drongos gained extra-pair paternity and 

their own nests, respectively. Furthermore, most extra-pair offspring (74.3%, N = 
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26) were sired by males within 216 m of a female (L. Lv, unpublished data). As the 

shortest period of sperm storage in birds reported by Birkhead et al. (1992) was 

five days, we assumed that the fertile period of a female hair-crested drongo 

extended from five days before laying the first egg to the day the penultimate egg 

was laid (Møller and Gregersen 1994). Few males had more than 3 fertile females 

(N = 9, range = 3-5) in the ‗circle‘ area. In order to meet homogeneity in sample 

sizes between compared groups, these males were pooled into a single group (3+). 

Accordingly, the number of fertile females for each male in the area of ‗annulus‘ 

was also grouped into four categories: 0-1, 2-3, 4-5, and ≥6 fertile females, 

respectively. Twenty-two breeding pairs (18.3% of total pairs, N = 120) produced 

second clutches after their first clutches failed. However, these were excluded from 

the analyses. 

To investigate whether male quality and extra-pair mating opportunities 

influence the incubation attendance of hair-crested drongos, we applied linear 

mixed models with normal error structure. We first examined whether ‗male 

incubation attendance‘ was affected by male tarsus length and the number of fertile 

females (in the area of the circle and of the annulus, respectively). The full model 

included ‗number of fertile females‘ (in the area of circle or annulus), ‗number of 

nests‘ (in the area of circle or annulus), ‗male tarsus length‘, ‗laying date‘, ‗number 

of days from filming date to laying date‘, ‗temperature of filming date‘, ‗recording 

time‘ (morning or afternoon) as fixed effects. In addition, the two-way interaction 

between ‗male tarsus length‘ and ‗number of fertile females‘ was included. ‗Year‘ 

and ‗male ID‘ were included as random effects in the model to control for year 

differences and the non-independence of repeated measurements of individuals, 

respectively. If male incubation attendance was affected, we determined how male 

tarsus length and the number of fertile females influenced ‗duration of male 

average incubation bouts‘ and ‗duration of male average recess periods‘, 

respectively, by using the same model structure. Thereafter, we tested whether 

‗female incubation attendance‘ was also affected by the interaction between male 

tarsus length and number of fertile females as a response to the changed incubation 

attendance of their partners with the same model structure. Finally, we assessed 

whether females responded to the decreased incubation attendance of their partners 

differently when number of fertile females varied and whether females responded 

to the decreased incubation attendance of their partners according to the tarsus 

length of their partners, by setting ‗female incubation attendance‘ as a response 

variable and adding ‗male incubation absence‘ as a fixed effect. The interaction 

between fixed effects (‗male tarsus length‘ and ‗number of fertile females‘) was 
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replaced by two two-way interactions between male incubation absence and the 

number of fertile females, and between male incubation absence and male tarsus 

length. If female incubation fully compensated for the absence of the male, the 

expected regression coefficient between these variables should not differ from 1 (β 

male incubation absence ≈ 1). To test this, we performed parametric bootstrap simulations 

and compared the 95% confidence intervals for overlap with this expected slope.  

To test whether male incubation attendance influenced the proportion of eggs in 

a nest that survived to nestlings of hair-crested drongos, we applied generalized 

linear mixed models with a binomial error structure (hatched vs unhatched or 

predated eggs). The full model included ‗male incubation attendance‘, ‗clutch size‘, 

‗laying date‘, ‗male age‘ as fixed effects; ‗Year‘ and ‗male ID‘ as random effects. 

We used an Information-Theoretic (IT) model selection approach, based on the 

Akaike information criterion (Burnham and Anderson 2002) with the Hurvich and 

Tsay (1989) correction for finite sample size (AICc). Models parameters were 

dropped if doing so resulted in a lower AICc score, which were obtained by using 

the ―AICcmodavg‖ package (Mazerolle 2011). All interactions still present in the 

final model were temporarily dropped for the estimation of main effects. 

‗Duration of male incubation bouts‘ was square-root transformed, and ‗duration 

of male recess periods‘ was log-transformed to meet the assumptions of normality 

and homoscedasticity of residuals. Daily temperature was obtained from ‗China 

Meteorological Data Sharing Service System‘, station 57297 (32.13
○
N, 114.05

○
E), 

which was the closest station (~30km distance) from our study site. Statistical 

analyses were conducted using SPSS 19.0 (SPSS Inc., Chicago, IL, USA), with the 

exception of mixed model analyses that were performed in R.3.1.1 (R Core Team 

2014), using the package lme4 (Bates et al. 2014). Confidence intervals for the 

parametric bootstraps were obtained using the package boot (Canty and Ripley 

2015). All tests are given two-tailed and –level was set to p < 0.05. 
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Results 

 

Male Incubation Attendance 

Fertile females present in circle area: Male incubation attendance decreased 

significantly with male tarsus length, but only when there were at least two fertile 

females (overall interaction effect, χ
2
 = 12.46, p = 0.006; Table 4.1a, Figure 4.1a). 

However, the main effects, male tarsus length and the number of fertile females, 

did not influence male incubation attendance (tarsus: t value = 0.04, p = 0.972; 

number of fertile females: overall effect, χ
2
 = 5.96, p = 0.114). 

Fertile females present in annulus area: Male incubation attendance was not 

correlated with male tarsus length (t value = 0.06, p = 0.956) and the number of 

fertile females (overall effect, χ
2
 = 2.78, p = 0.428). Additionally, there was no 

significant interaction between male tarsus length and the number of fertile females 

(overall effect, χ
2
 = 2.29, p = 0.514; Table 4.2). 

Since only the extra-pair mating opportunities in the circle area was associated 

with male incubation attendance, hereafter all analyses focus only on the number of 

fertile females present in the circle area. 

 

Male Incubation Recesses and Bouts 

Although the duration of male recess was not affected by male tarsus length (t 

value = -0.27, p = 0.789) nor by the number of fertile females (χ
2
 = 6.36, p = 0.095) 

as the main effects, males with longer tarsi recessed longer when there were at least 

two fertile females (Table 4.1c, Figure 4.1b, overall interaction effect, χ
2
 = 16.63, p 

< 0.001). However, males‘ average duration of incubation bouts did not change 

with their tarsus length (t value = -0.52, p = 0.603) or the number of fertile females 

(χ
2
 = 3.66, p = 0.301). Also, the relationship between the average duration of male 

incubation bouts and male tarsus length did not depend on the number of fertile 

females (overall interaction effect, χ
2
 = 5.35, p = 0.148; Table 4.1b).  

 

Female Incubation Attendance 

Although the interaction between male tarsus length and the number of fertile 

females was not significant (overall interaction effect, χ
2
 = 6.46, p = 0.092; Table 

4.1d), females who mated with longer-tarsus males tended to incubate more when 

there were at least two fertile females (Table 4.1d, Figure 4.1c). In an additional 

analysis, in which the number of fertile females was set at two levels by grouping 

no more than one fertile female and at least two fertile females, respectively, the 
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interaction between male tarsus length and the number of fertile females was 

significant (overall interaction effect, χ
2
 = 5.13, p = 0.023). However, in both 

analyses, female incubation attendance was not affected by the tarsus length of 

their mates or by the number of fertile females when their interactions were not 

included (all: p > 0.096). 

 

Male Incubation Absence and Female Incubation Compensation 

Females incubated significantly more when males were absent longer (Table 4.3, 

Figure 4.1d). However, this pattern was not dependent on the number of fertile 

females or the tarsus length of their partners (number of fertile females: overall 

effect, χ
2
 = 4.08, p = 0.253, male tarsus length was dropped from the full model; 

Table 4.3, Figure 4.1d). Females did not fully compensate for male incubation 

absence (bootstrapped 95% confidence intervals: 0.699 to 0.891) and 79% of male 

incubation absence was compensated (Table 4.3). 

 

Male Incubation Attendance and Eggs Survival Rate 

The proportion of eggs in a nest that survived to nestlings was not influenced by 

male incubation attendance (χ
2
 = 2.69, p = 0.101). 
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Table 4.1. Summary of four linear mixed models testing whether the incubation 

effort of hair-crested drongos was influenced by male quality (tarsus length), the 

number of fertile females within 216 meters from their nests and their interactions. 

‗Duration of male incubation bouts‘ was square-root transformed, and ‗duration of 

male recess periods‘ was log-transformed. Males who had three or more fertile 

females (N = 9, range = 3-5) within 216 meters from their nest tree were pooled 

into a single group. Significant effects are denoted in bold face. 
 

Fixed effects Estimates SE t-value p-value 

(a) Male incubation attendance (min/h, N = 167): 

# fertile female (1) 32.29 59.95 0.54 0.591 

# fertile females (2) 329.30 120.39 2.74 0.007 

# fertile females (≥3) 265.22 108.28 2.45 0.015 

Male tarsus length 1.72 1.47 1.18 0.242 

Recording time (pm) -3.27 1.63 -2.01 0.047 

# fertile female (1) × Male tarsus length -1.09 2.28 -0.48 0.634 

# fertile females (2) × Male tarsus length -12.67 4.61 -2.75 0.007 

# fertile females (≥3) × Male tarsus length -9.91 4.13 -2.40 0.018 

     
(b) Duration of male average incubation bouts (min, N = 162): 

# fertile female (1) 16.17 9.30 1.74 0.084 

# fertile females (2) 26.29 17.28 1.52 0.130 

# fertile females (≥3) 24.49 18.05 1.36 0.177 

Male tarsus length 0.22 0.22 0.96 0.338 

# fertile females (1) × Male tarsus length -0.60 0.35 -1.69 0.092 

# fertile females (2) × Male tarsus length -0.99 0.66 -1.49 0.138 

# fertile females (≥3) × Male tarsus length -0.94 0.69 -1.37 0.172 

     
(c) Duration of male average recess periods (min, N = 166): 

# fertile females (1) 5.05 3.28 1.54 0.125 

# fertile females (2) -16.82 6.10 -2.76 0.007 

# fertile females (≥3) -13.69 6.49 -2.11 0.037 

Male tarsus length -0.03 0.08 -0.37 0.712 

Recording time (pm) 0.28 0.09 3.11 0.002 

# fertile female (1) × Male tarsus length -0.20 0.12 -1.59 0.115 

# fertile females (2) × Male tarsus length 0.65 0.23 2.79 0.006 

# fertile females (≥3) ×Male tarsus length 0.51 0.25 2.06 0.041 
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(d) Female incubation attendance (min/h, N = 149): 

# fertile female (1) -8.16 63.98 -0.13 0.899 

# fertile females (2) -209.00 136.89 -1.53 0.130 

# fertile females (≥3) -217.32 108.57 -2.00 0.048 

Male tarsus length -1.34 1.53 -0.88 0.381 

Recording time (pm) 1.09 1.83 0.60 0.550 

Laying date -0.42 0.19 -2.21 0.029 

# fertile females (1) × Male tarsus length 0.13 2.43 0.05 0.957 

# fertile females (2) × Male tarsus length 8.01 5.25 1.53 0.130 

# fertile females (≥3) × Male tarsus length 8.08 4.13 1.96 0.053 
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Table 4.2. Summary of a linear mixed model testing whether the incubation 

attendance (min/h, N = 167) of male hair-crested drongos was affected by male 

quality (tarsus length), the number of fertile females in the annulus between the 

concentric circles radii of 216 and 570 meter and their interactions. Number of 

fertile females for each male in the annulus was grouped into four levels: 0 to 1, 2 

to 3, 4 to 5, and at least 6 fertile females, respectively. 
 

Fixed effects 
Estimate

s 
SE 

t-valu

e 

p-valu

e 

# fertile females (2-3) 72.49 65.16 1.11 0.268 

# fertile females (4-5) -47.28 81.72 -0.58 0.564 

# fertile females (≥6) -10.89 
169.7

1 
-0.06 0.949 

Male tarsus length 0.50 1.55 0.32 0.747 

Recording time (pm) -2.97 1.73 -1.72 0.089 

# fertile females (2-3) × Male tarsus length -2.70 2.48 -1.09 0.278 

# fertile females (4-5) × Male tarsus length 1.93 3.11 0.62 0.536 

# fertile females (≥6) × Male tarsus length 0.37 6.42 0.06 0.955 

 

Table 4.3. Summary of a linear mixed model testing whether female incubation 

attendance by 149 hair-crested drongos was influenced by the incubation absence 

of their partners considering the influence of their social male‘s/partners‘ quality 

(tarsus length) and the number of fertile females within 216 meters. 
 

Fixed effects Estimates SE t-value p-value 

Male absence 0.79 0.05 16.60 < 0.001 

# fertile female (1) -1.35 1.18 -1.14 0.258 

# fertile females (2) 2.03 1.79 1.13 0.259 

# fertile females (≥3) 1.03 2.15 0.48 0.633 

Temperature -0.76 0.23 -3.36 0.001 

Recording time (pm) -1.23 1.07 -1.15 0.252 
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Figure 4.1. The influence of male quality (tarsus length) and number of fertile 

females within 216 meters on (a) male incubation attendance, (b) duration of male 

average recess period and (c) female incubation attendance in hair-crested drongos, 

and (d) the effect of male incubation absence on female incubation attendance 

when the number of fertile females within 216 metres from their nests varies. Lines 

are regression lines with the raw data. The slope of the dashed line in (d) indicates 

the null hypothesis that females fully compensate for a reduction in male 

incubation attendance. 
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DISCUSSION 

 

In agreement with the ―parental-mating trade-off‖ hypothesis, we found that high 

quality male hair-crested drongos incubated less by recessing longer. However, this 

was only the case above a threshold number of nearby fertile females. This effect 

was not the consequence of improved incubation by females paired with high 

quality males. Females compensated for 79% of the decreased incubation 

attendance of their partners, irrespective of male quality. Breeding pairs did not 

suffer from lower proportion of eggs in a nest that survived to nestlings when 

males incubated less and were not fully compensated by their partners. We discuss 

these findings and their implications below. 

 

Paternal Care, Extra-pair Mating Opportunities and Male Quality 

High quality male hair-crested drongos incubated less only when there were at least 

two fertile females present nearby (within 216 meters from male‘s nest). This 

suggests that there is a threshold of available extra-pair mating opportunities for 

high quality males to spend more time off the nest. As males contribute to almost 

half of the incubation, they presumably play an important role in ensuring good 

conditions for development of embryos and egg protection against predators. Our 

result suggests that the availability of mating opportunities is important in 

determining the trade-off between parenting and extra-pair mating effort in males, 

which may explain why high quality males do not decrease their provisioning rate 

in many socially monogamous bird species with short breeding season (high 

breeding synchrony) (e.g. Komdeur et al. 2005; Limbourg et al. 2013; Grunst and 

Grunst 2015). In species with high breeding synchrony, the number of local fertile 

females is typically high during the incubation period, but low during the nestling 

period (Magrath and Komdeur 2003; Canal et al. 2012). Thus, the temporal conflict 

between parenting and mating, for males, may be lower during the nestling period 

(Kokko 1998; Stiver and Alonzo 2009). 

For male hair-crested drongos, the trade-off between incubation and extra-pair 

mating was affected by the number of fertile females within 216 meters, not in the 

area between 216 and 570 meters. This result suggests that males may be limited 

by distance to obtain extra-pair matings. In territorial avian species, males usually 

obtain extra-pair paternity from close neighbours and the probability of obtaining 

extra-pair paternity decreases with distance (Petrie and Kempenaers 1998; 

Pedersen et al. 2006; Canal et al. 2012). A recent study on the extra-territorial 

forays of blue tits (Cyanistes caeruleus) revealed that males were more likely to 
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visit direct neighbouring females than females present two territories away during 

the extra-pair mating period (Schlicht et al. 2015). Also in the hair-crested drongos, 

the accessible extra-pair mating opportunities for males are, to a large extent, 

restricted to their close neighbours. The average distance between two nearest nest 

trees is 87.5 ± 5.9 meters (mean ± SE, N = 123). Therefore, males who seek 

extra-pair copulations further than 216 meters away have to cross other territories 

and have a higher chance of being discovered and attacked by other territory 

owners.  

When more extra-pair mating opportunities were available, incubation 

attendance of male hair-crested drongos was negatively correlated with their 

quality as measured by tarsus length. This is likely due to the higher chance of 

obtaining extra-pair fertilizations for males with longer tarsi. In male hair-crested 

drongos, extra-pair males had longer tarsi than the within-pair males they 

cuckolded or males who did not get extra-pair paternity. Similar relationship were 

also found in other studies (blue tit: Kempenaers et al. 1997; red bishop: Friedl and 

Klumo 2002; pied flycatcher: Canal et al. 2011, but see Savi‘s warblers: Neto et al. 

2010). In hair-crested drongos, males who have longer tarsi are also heavier and 

tend to have longer bill-head (Pearson‘s correlation coefficient, body weight: r = 

0.240, p = 0.004; bill-head length: r = 0.155, p = 0.065, N = 143). Larger 

individuals typically have an advantage in male-male competition and 

consequently may be more competitive in obtaining extra-pair matings (Enquist 

and Leimar 1983; Bolund et al. 2007). From the other side, as morphological size 

is to a large extent heritable (e.g. Henrik G Smith 1993; Merilä 1997), females 

might choose large males as extra-pair partners because their offspring will inherit 

good competitive abilities from the father. Further studies are needed to investigate 

whether larger male hair-crested drongos are more likely to gain extra-pair matings 

due to their male-male competition advantage, preference of females in choosing 

larger extra-pair partners, or a combination of both. 

High quality male hair-crested drongos with more extra-pair mating 

opportunities recessed longer in-between incubation bouts, but did not incubate 

shorter in each bout. This is consistent with the idea that such males alternate 

incubation bouts with extra-territorial forays. A similar pattern, but without 

considering the influence of male quality, was documented for colonial fairy 

martins (Hirundo ariel) where male incubation attendance decreased with an 

increasing proportion of fertile females in the colony, which resulted primarily 

from recessing longer, but not from shorter incubation bouts (Magrath and Elgar 

1997). In hair-crested drongos, the duration of incubation bouts was repeatable in 
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both males and females. Therefore, males may also show behavioural consistency 

with regarding to the duration of incubation bouts even when they have more 

extra-pair mating opportunities, although repeatability is much lower for males 

than for females. Instead of shortening the duration of incubation bouts, males 

increased the duration of recess periods. Males who recess longer may have a 

higher chance of gaining extra-pair copulations. A study on the extra-territorial 

movements of common yellow throats (Geothlypis trichas) showed that males who 

intruded into their neighbour‘s territories with fertile female owners behaved 

covertly and never sang during intrusions (Pedersen et al. 2006). Similar studies on 

song sparrows (Melospiza melodia) and Seychelles warblers (Acrocephalus 

sechellensis) showed that intruding males were always chased away if they were 

detected by the territory owners (Komdeur et al. 1999; Akçay et al. 2012). Both 

studies suggest that males may have to stay cryptic and wait for the proper time to 

engage in extra-pair copulations during intrusions. However, further studies are 

needed to test this idea by tracking the movements of male hair-crested drongos 

during the incubation period. 

 

Female Compensation 

Incubation attendance of female hair-crested drongos was not affected by their 

partner‘s quality when extra-pair mating opportunities were rare. This indicates no 

support for the ―positive differential allocation‖ hypothesis, which predicts that 

females increase their breeding investment when paired with high quality males 

(Burley 1986; Sheldon 2000). However, females did compensate for the lack of 

male investment, but this compensation was not affected by partners‘ quality or by 

the number of nearby fertile females. Furthermore, presumably due to constraints 

on self-maintenance, females compensated for only 79% of male absence. This 

result is consistent with most game theoretic models of bi-parental care which 

predict that partial compensation is the most evolutionarily stable strategy (e.g. 

Houston and Davies 1985; McNamara et al. 1999). Interestingly, although reduced 

male incubation attendance was not fully compensated by their partners, male 

incubation attendance had no significant influence on the proportion of eggs in a 

nest that survived to nestlings. This result suggests that reduced male incubation 

attendance may not lead to a reduced hatching success or an increased predation 

rate of eggs. 

 

Conclusion 

This study demonstrates how extra-pair mating opportunities for males interact 
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with male quality in determining paternal care in a bi-parental species. The 

adaptive response to this trade-off for males is dependent on both male quality and 

number of nearby fertile females. Moreover, this result sheds light on the 

mechanism behind improved female parental care if females mate with high quality 

partners, which appears to be a response to the reduced time of high quality males 

spend on incubating, rather than to the quality of the male itself. Our results 

highlight the need for quantifying available mating opportunities in investigating 

how individual quality influence males trading off parental care and pursuing 

additional matings, and improves our understanding of how and why females‘ 

adjust parental care to the quality of their partners. 
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Abstract 

 

Animal species which breed seasonally usually prefer to use the same territory 

where they successfully produced young previously. However, intra-specific 

competition may be intense for those suitable territories. Therefore, it is predicted 

that natural selection favours behaviour of territory owners to reduce such 

competition. Hair-crested drongos, Dicrurus hottentottus, a territory faithful 

passerine, dismantle their nests after breeding. As most of the nests that were not 

dismantled remain intact till the next breeding season, we hypothesized that 

nest-dismantling serves a purpose of reducing territory competition from 

conspecifics that use the presence of a nest as a cue to select suitable territories for 

the next year. Here, we provide the first experimental test of this territory 

competition hypothesis. Our results showed that successful pairs, which usually 

reuse their territories in the next year, were more likely to dismantle their nests and 

dismantle their nests faster compared to failed breeding pairs which often moved 

out from their original territories. Experimentally strengthened nests that were 

placed in successful territories attracted prospectors and tended to result in a higher 

reuse rate of territories in the next year. However, the replacement rate of 

strengthened-nest owners in the next year was low and not higher than pairs that 

dismantled their nest. Furthermore, strengthened-nest owners did not initiate 

breeding later or produce fewer fledglings due to the potential higher territory 

competition. Altogether, our results partially support the territory competition 

hypothesis. We suggest that nest-dismantling may only be beneficial to hair-crested 

drongos when territory competition is very intense.  
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Introduction 

 

Breeding in the same territory over consecutive years is a widespread phenomenon 

in the animal kingdom (Greenwood 1980; Switzer 1993; Newton 2008; Piper 

2011). This kind of territory fidelity can benefit individuals because of their 

experience with local conditions (Beletsky and Orians 1991; Pärt 1995). Such 

experience consists of prior knowledge of local food resources, predator habits or 

predator refuges and support from familiar neighbours, which often leads to higher 

foraging efficiency, better breeding performance and higher survival rates (Hinde 

1956; Stamps 1995; Grabowska-Zhang et al. 2012). Furthermore, the phenomenon 

of territory fidelity usually follows good breeding performance at a particular 

territory (Gavin and Bollinger 1988; Switzer 1997; Haas 1998; Robert and Paiva 

2014). Individual former breeding performance can provide an indirect assessment 

of habitat or territory quality when habitat, predation or food conditions are 

temporally and spatially predictable (Boulinier and Danchin 1997; Doligez et al. 

2003). Thus, the optimal strategy for animals is to remain faithful to the territory 

where their past reproductive success was high (Nowak and Sigmund 1993; 

Switzer 1993; Schmidt 2001). 

Individuals that prefer to reuse a successful territory may face territory 

competition from conspecifics, especially when individuals use the past breeding 

performance of other pairs as a cue to assess the quality of the territory. There is 

indeed substantial evidence that prospectors, which are generally immatures, failed 

or non-breeders, gather information on local patch quality to select the optimal 

territory for the future (reviewed in Ponchon et al. 2013). Territory competition 

may have a large impact on the fitness of individuals not only because they may 

lose their preferred territories, but also in terms of time, energy expenditures and 

risks of injury incurred during aggression (Eason and Hannon 1994; Marler et al. 

1995; Cleveland 1999). Therefore, behaviour to reduce prospective territory 

competition is predicted to be favoured by natural selection. Indeed, in common 

loons, Gavia immer, where prospecting individuals use the presence of chicks as a 

cue to locate good territories and usurp it in the subsequent year (Piper et al. 2000; 

Piper et al. 2006), the territory owners show a tendency to conceal chicks from 

prospecting individuals, perhaps to avoid future territory take-overs (Piper et al. 

2006). 

The hair-crested drongo, Dicrurus hottentottus, a insectivorous passerine 

distributed in East and South Asia, exhibits a unique behaviour in that most parents 

dismantle their nests within two weeks after breeding (Li et al. 2009). Since nests 
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are solidly built with mainly of fine grass stems and rootlets, it is time and energy 

consuming to dismantle it. However, it is unclear whether this behaviour is 

adaptive. A previous study proposed that nest-dismantling may reduce the 

possibility that conspecifics are triggered by the presence of a nest to compete for 

the territory in the following breeding season (territory competition hypothesis; Li 

et al. 2009). This is likely, because, first of all, adult drongos show high fidelity to 

their territories (Lv et al. 2016). Meanwhile, the nest of drongos, which is 

conspicuously attached to tree crotches with a limited number of leaves, is easy to 

locate and therefore may be used as a cue by prospectors in searching for 

prospective territories. Studies on other species have also shown that the presence 

of a nest may indicate the suitability of the territory for successful nesting to 

conspecifics. For example, in the Eurasian penduline tit, Remiz pendulinus, males 

use old nests as a cue to select suitable territories (Gergely et al. 2009), and 

similarly, many hole nesters prefer nest boxes containing old nests over nest boxes 

without nests (Thompson and Neill 1991; Davis et al. 1994; Mazgajski 2003; 

Mazgajski 2007). In hair-crested drongo, it has been observed that some 

non-breeding yearlings obtained a territory in the subsequent year nearby the 

territory where they had been seen in the previous year (L. Lv, personal 

observation). Therefore, by dismantling the nest, drongos may conceal their 

successful territories from other individuals and avoid or reduce the potential costs 

of territory competition in the following year. 

Here we consider a number of predictions and assumptions of the territory 

competition hypothesis. First, nests should remain intact until the next breeding 

season if they were not dismantled. Second, if failed breeders are less likely to 

reuse the territory in the following year, they may be less motivated to dismantle 

their nest than successful individuals. Third, experimentally strengthened nests, 

which remained intact until the next breeding season, should attract conspecifics to 

the territory and lead to higher territory reusing rate and higher replacement rate of 

territory owners in the following year. Finally, strengthened nests placed in 

successful territories should lead to reduced breeding performance of owners in the 

following year due to the cost of competition for retaining or even losing the 

previous territory. By using observational and experimental data, this study 

provides the first experimental test of the territory competition hypothesis. 
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Materials and methods 

 

Study Site and Study Population 

We conducted this study in a 400ha area in the Dongzhai National Nature Reserve 

(31.95° N, 114.25° E, elevation 100-840 m) in central China (for more information 

on the study site see Li et al. 2009). The hair-crested drongo is a socially 

monogamous passerine which forms long-term pair bonds. Most of the birds that 

breed in southern and eastern China, including our study site, winter in Indochina 

(Rocamora and Yeatman-Berthelot 2009). At our study site, drongos arrive in late 

April and leave before mid-October (Gao et al. 2006). The data used in this study 

were collected between 2010 and 2016 with on average 77 (range 47-86) breeding 

pairs monitored each year, and almost 80% of the adults were ringed with a unique 

set of colour rings. We caught individuals by mist-netting in close proximity to the 

nest trees during incubation or nestling-provisioning period. None of the caught 

individuals abandoned their nest after release. 

Hair-crested drongos are territorial during the breeding period with most of 

their territories spread continuously over the study area. Birds defend their territory 

vigorously from conspecific intruders and raptors. They prefer to nest in larger 

hardwood trees or Chinese water firs (Metasequoia glyptostroboides) in our study 

area (Cantrell et al. 2016). The cup-shaped nest attaches firmly in a tree crotch (Du 

and Zhang 1985; see Figure 5.1), which located near the end of a branch in the 

middle canopy of the tall tree with an average ± SE nest height of 8.28 ± 0.55 m (N 

= 50; Cantrell et al. 2016). Both parents participate in all breeding activities, 

including nest building, incubation and feeding of offspring. Modal clutch size is 

four (range 3-5) and is featured of high hatching success (Lv et al. 2016). The main 

reason for unsuccessful breeding is nest predation by predators such as Eurasian 

Jays (Garrulus glandarius) and Besra Sparrow Hawks (Accipiter virgatus) (L. Lv 

personal observation). The species is generally single-brooded with about two 

thirds of all nests producing at least one fledgling. Few breeding pairs lay 

replacement clutches after their first clutch failed (Lv et al. 2016). 

 

Data Collection and Field Procedures 

We searched for nests by checking trees which had been used previously and 

potential nesting sites in the forest. After a nest was located, we determined the 

identity of the nest owners either through direct observation with a telescope or 

binoculars, or indirectly through video recording, where video cameras (Sony 

HDR-160E, Sony HDR-260E or Samsung F40) were placed 10-30 m from the nest. 
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To determine the breeding stage (nest-building, egg-laying, incubation and nestling) 

and the fate (successful or failure) of each nest, we checked the nest every two or 

three days by mirroring over nests or climbing trees. During the nest-dismantling 

period (started from the first check of nest failure or after the young fledged), we 

took pictures of the nest every two or three days to record the proportion of 

remaining nest material. 

To test whether the nest of drongos can remain intact until the next breeding 

season under natural conditions, we performed a nest intactness experiment. In July 

2010, we collected ten nests by cutting the nest branch from the base after fledging 

of the young. We then placed these nests individually at a site in the study area that 

consists of low shrubs. Drongos usually occur in the canopy of the forest and were 

rarely observed at the site where the experimental nests were situated. We placed 

all nests in their natural position with the base of the nest branch tied to shrub 

branches of similar thickness. Nests were 1 m above the ground with a distance of 

0.5 m to 4 m from each other. We photographed each nest after it was fixed and 

checked its condition again at the beginning of the next breeding season (middle 

May 2011). 

To investigate whether the territory reuse was affected by previous breeding 

performance, we determined the rate of reusing successful territories (at least one 

young fledged) and failed territories for which both male and female breeder were 

identified. We defined an individual as reusing the same territory if it built a nest in 

the same tree as in the previous year or in a tree within 106 m (the average distance 

between two nearest nest trees in 2014, N = 80) from the nest tree that it used in the 

previous year. Considering the utilization history of territories, we defined 

individuals as ‗changed territory‘ when they bred in their direct neighbour‘s nest 

tree that was less than 106 m from their previous nest tree. 

To examine whether drongos dismantled their nest according to breeding 

performance, we monitored the nest-dismantling of successful nests and failed 

nests. As some breeding pairs produced replacement clutches after their first 

breeding attempt failed and they might dismantle their first nest to use nest material 

for building a new nest (L. Lv, personal observation), failed nests of breeding pairs 

who subsequently produced a replacement clutch were not included in the analyses. 

We used photographs of the nest, which were taken during nest checks, to define 

the stage of the nest-dismantling (Figure 5.1). Four stages were used according to 

how much of the nest material was left (stage 4 ≥ 75%, 3 = 50-75%, etc.; see 

Figure 5.1). All nests were assessed by the same observer (L. Lv). We defined the 

duration of nest-dismantling as the average duration (in days) when more than 50% 
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of the nest and more than 75% of the nest was dismantled (i.e. from dismantling 

onset to the first recording date of stage 2 and stage 1), respectively. From 2011 to 

2014, drongos were present until October (2011: 11 October; 2012: 10 October; 

2013: 12 October; 2014: 9 October). Therefore, we defined nests, which still had 

more than one fourth of nest material left in late October, as not dismantled. 

To test whether the existence of a nest in a territory affected territory reuse in 

the following breeding season, we carried out a nest-hanging experiment by using 

successful nests for which both male and female breeder were identified. Nests 

were randomly assigned to a control or an experimental group after the young 

fledged. Nests in the experimental group were collected by cutting the nest branch 

from the base and strengthened by using grey Dyneema PE fishing line (line 

number: 8.0; diameter: 0.50 mm) to make the nests indestructible for drongos. All 

nests were stitched in the same manner by the same experimenter (C. Gao). Within 

two days after the nests were collected, we re-attached strengthened nests to the 

similar position and orientation of its original location by fixing the base of the nest 

branch to a similar sized branch with steel wire. 

To test whether drongos accept experimentally strengthened nests and treat 

them as natural nests, we compared the nest visitation rates of nest owners and 

conspecifics between strengthened nests and natural nests in the nest-dismantling 

period, respectively. In 2011, all strengthened nests (N = 11) in the experimental 

group were monitored by motion-triggered infrared cameras (Scoutguard SG550) 

which each was set about 0.4 m from the strengthened nest. We set cameras to the 

video mode with zero seconds after each trigger. Video length was set to 60 

seconds. Only the recordings for which nests had been monitored for the entire day 

(5:30 to 19:30) in the first month of monitoring were used in the analysis. On 

average, each nest was monitored 7.45 ± 2.88 days (mean ± SE, N = 11). 

Meanwhile, we recorded the nest visits of eleven natural nests that succeeded in 

producing fledglings through filming in the nest-dismantling period (from the 

dismantling onset until at least one fourth of nest material was left). Each nest was 

monitored on average ± SE: 25.56 ± 15.47 hours (N = 11). All owners of nests that 

were monitored by infrared cameras or video cameras were individually ringed 

with a unique combination of colour rings before monitoring. 

As the nest visitation rates of nest owners and conspecifics were the same for 

the strengthened nests and natural nests (Mann-Whitney U test: nest owners: Z = 

-0.962, N1 = N2 = 11, p = 0.336; conspecifics: Z = -1.194, N1 = N2 = 11, p = 0.232), 

we considered that drongos treated strengthened nests as natural nests. All nests in 

the control group, but none in the experimental group, were dismantled by drongos 
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in 9.82 ± 1.69 days (average ± SE, N = 39). Thus, nests in experimental group 

attracting conspecifics for a much longer period (about three months from early 

July till the migration time in September and October) than nests in control group. 

For this reason, we assume that nests in experimental group attract more 

conspecifics‘ visiting and are consequently experiencing a higher nest competition 

in the following year than nests in control group. We considered that the owners of 

a territory were replaced if both of the territory owners in the next year were not 

previous owners. Territory owners who moved to other territories were also 

recorded. And we assumed that a territory owner was died if it was not recorded in 

our study area for two years. All the hung nests were removed at the end of the 

breeding season (August) in the following year. 

 

 
Figure 5.1. An example of hair-crested drongo nest-dismantling stages: (A) stage 4 

of full nest; (B) stage 2 of between 25% and 50% of nest material left; (C) stage 1 

of less than 25% of nest material left. 

 

Statistical Analyses 

We tested whether the number of nests that were still intact and the number of 

nests that were incomplete in the following year of the nest intactness experiment 

were significantly different from the expectation that all nests were intact by using 

Fisher‘s exact test. Subsequently, we used the same statistical method to 

investigate whether the return rate and the territory reusing rate of territory owners 

were influenced by their breeding performance in the previous year. Furthermore, 

we explored whether the occurrence of nest dismantling behaviour was related to 

breeding performance. For nests which were dismantled, Mann-Whitney U-test 

was used to compare the speed of dismantlement between successful and failed 

nests. 

To investigate whether territories were more likely to be reused and territory 

owners were more likely to be replaced when nests were experimentally caused to 

persist in the territory, we fitted ‗year‘, ‗treatment‘ (experimental versus control) 
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and ‗number of fledglings produced in the previous year‘ as explanatory variables 

in (separate) generalized linear models (GLMs) with binomial error and logit link 

function. ‗Reused or not‘ and ‗replaced or not‘ were set as binomial response 

variables. We also analysed the influence of next hanging experiment on 

reproductive success of males and females, respectively, by fitting GLMs with 

binomial error and logit link function. Number of fledglings was used as an index 

for reproductive success with low reproductive success defined as producing none 

or one fledgling and high reproductive success defined as producing more than one 

fledglings (from 2 to 5). We used an Information-Theoretic (IT) model selection 

approach, based on the Akaike information criterion (Burnham and Anderson 2002) 

with the Hurvich and Tsay (1989) correction for finite sample size (AICc). Models 

parameters were dropped, except for ‗treatment‘ or ‗number of fledglings produced 

in the previous year‘, if doing so resulted in a lower AICc score, which were 

obtained by using the ―AICcmodavg‖ package (Mazerolle 2011). Two two-way 

interactions between ‗year‘ and ‗treatment‘, and between ‗treatment‘ and ‗number 

of fledglings produced in the previous year‘, were tested in all analyses, but not 

significant and therefore not reported. 

The effect of the nest-hanging experiment on the timing of breeding was 

analysed by fitting general linear models, using laying date of breeding pair of 

male ID or female ID as response variables, respectively. ‗Treatment‘ was used as 

a predictor and laying date in the previous year was used as a covariate. 

Laying date of each nest was standardized by subtracting the date of the first 

egg laid in any given year. Only the laying date of the first breeding attempt in that 

season was used. Laying dates were log transformed to meet the assumption of 

normality of the model residuals. 

All analyses were conducted in either SPSS 19.0 (SPSS Inc., Chicago, IL, USA) 

or R.3.1.1 (R Core Team 2012) package lme4 (Bates et al. 2014). All tests were 

given two-tailed and significance was assessed at p = 0.05. 

 

Ethical Note 

The experimental protocols used in this study abided by the Law of the People‘s 

Republic of China on the Protection of Wildlife (27 August 2009) and were 

approved by the Administration Bureau of Dongzhai National Nature Reserve. 

During the study period, we did not observe any fledglings returning to the nest for 

resting. Therefore, collecting nests after the young fledged will not influence the 

survival rate of fledglings. As drongos occasionally reuse the same branch in the 

next breeding season and there are many similar branches on the nest tree, we 
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presume that cutting one nest branch has no or little influence on the subsequent 

breeding activity.  
 

Results 
 

Nest Intactness Experiment 

Nests that were removed and stored elsewhere were still intact in 8 of 10 cases in 

the following breeding season. It was not significantly different from our 

expectation that all nests would be intact in the next year (Fisher's exact test, p = 

0.474). For the two incomplete nests, the nest material dropped from the branches 

and nothing left. 

 

 
 

Figure 5.2. Return rate and territory reusing rate of the hair-crested drongo after (A) 

successful or (B) failed breeding attempt to produce fledglings in the previous year. 
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Figure 5.3. Mean duration of nest-dismantling ± SE in hair-crested drongo nests 

which produced fledglings (successful nest) or not (failed nest). Numbers above 

bars indicate sample sizes. 

              
 

Figure 5.4. How territories were used by their former owners in the next year when 

successful nests were experimentally strengthened to persist in the territories 

(treatment). Blank: not used; changed: replaced by new birds, but former owners 

not seen; usurped: replaced by new birds and former owners seen; same: used by 

former owners. Numbers above bars indicate sample sizes. 
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Return Rate, Territory Reusing Rate and Nest-Dismantling 

There was no difference in the probability that successful males or failed males to 

return the study area in the next year (Fisher's exact test, p = 1.000; Figure 5.2), but 

fewer females returned if they failed in the previous year (Fisher's exact test, p = 

0.025; Figure 5.2). Both males and females were less likely to reuse the territories 

if they failed in the previous year (Fisher's exact test, both p < 0.015; Figure 5.2). 

Nine of the 83 failed nests (10.8%) and five of the 187 successful nests (2.7%) 

were not dismantled, so that failed nests were significantly less likely to be 

dismantled than successful nests (Fisher's exact test, p = 0.013). Furthermore, 

failed nests were dismantled on average 2.97 days longer than successful nests 

(Mann-Whitney U test: Z = -1.958, Mean failed = 12.61 ± 1.35 days, Mean successful = 

9.64 ± 0.70 days, N failed = 67, N successful = 174, p = 0.050; Figure 5.3).  

 

Nest-hanging Experiment 

Experimentally strengthened nests tended to increase the reuse rate of territories 

in the next year (Table 5.1). Also territories that produced more fledglings in the 

previous year also tended to result in a higher reusing rate of territories (Table 5.1). 

However, the replacement of territory owners was not affected by the persistence 

of strengthened-nest or the number of fledgling produced in the previous year 

(Table 5.1). Furthermore, laying date (Table 5.2) and reproductive success of 

returned nest owners (both male and female; Table 5.3) were also not significantly 

influenced by the nest hanging treatment. 

 

Table 5.1. Two generalized linear models for analysing whether the persistence of 

experimentally strengthened nests (treatment) and the number of fledglings 

produced in the previous year influence the reuse of territories and the replacement 

of territory owners. 
 

 

Estimate SE Z p 

Territory reused or not reused (N = 79) 

 Treatment 1.186 0.639 1.855 0.064 

Fledglings 0.586 0.316 1.857 0.063 

     Nest owners replaced or not replaced (N = 63) 

 Treatment -0.346 0.719 -0.482 0.630 

Fledglings -0.422 0.365 -1.157 0.247 
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Table 5.2. Two general linear models for analysing whether laying date of 

breeding pairs (female ID and male ID, separately) were influenced by the 

persistence of experimentally strengthened nests (treatment) with laying date of the 

previous year as covariates.  
 

 

Estimate SE Z p 

Breeding pair of female (N = 38) 

  Treatment -0.121 0.090 -1.339 0.189 

Laying date of previous 

year 0.498 0.222 2.246 0.031 

     Breeding pair of male (N = 46) 

  Treatment -0.047 0.073 -0.646 0.522 

Laying date of previous 

year 

0.340 0.149 2.277 0.028 

Laying dates were log transformed to meet the assumption of normality of the model 

residuals. Significant values are in bold. 

 

Table 5.3. Summaries of two generalized linear models for analysing whether 

reproductive success of territory owners (female ID and male ID, separately) were 

affected by the persistence of experimentally strengthened nests (treatment) or the 

number of fledglings that they produced in the previous year.  
 

 

Estimate SE Z p 

Breeding pair of female (N = 38) 

  Treatment -0.417 0.774 -0.539 0.590 

Fledglings -0.587 0.477 -1.232 0.218 

     Breeding pair of male (N = 47) 

  Treatment -0.150 0.701 -0.214 0.830 

Fledglings -1.501 0.691 -2.172  0.030 

Reproductive success was defined as low if individuals produced none or one fledgling 

and as high if individuals produced from two to five fledglings. Significant values are 

in bold. 
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Discussion 

 

Our results showed that most hair-crested drongo nests were still intact in the next 

breeding season if they had not been dismantled. Therefore, they have the potential 

to serve as cues for suitable territories to other individuals. Consistent with the 

prediction of the territory competition hypothesis (Li et al. 2009), we found that 

successful breeders were more likely to dismantle their nest and dismantled faster 

than failed breeders as territory reusing rate was higher after successful breeding 

attempts. Although strengthened nests, which were experimentally caused to 

persist in successful territories, attracted conspecifics and tended to result in a 

higher reusing rate of territories than other territories with nests which were 

dismantled, the replacement rate of territory owners in the following breeding 

season was not affected by this experimental treatment. Furthermore, nest owners 

did not initiate breeding later or produce fewer fledglings due to the potential 

higher territory competition after this treatment. Therefore, our results only 

partially support the prediction that nest-dismantling is an adaptive behaviour for 

hair-crested drongos to reduce territory competition from conspecifics in the 

following breeding season. 

 

Influence of Breeding Dispersal on Nest-Dismantling 

Drongos that had failed to produce fledglings in the previous year were more likely 

to change their territory than individuals that had succeeded (Figure 5.2). This is 

also found in other studies which demonstrated current breeding performance has a 

strong impact on breeding dispersal with high breeding dispersal probability after 

breeding failure (Alcock 1993; Switzer 1993; Haas 1998; Apollonio et al. 2003; 

Hoover 2003). Therefore, if individuals benefit from nest-dismantling in terms of 

reduced territory competition in the following year, failed breeding pairs that were 

more likely to disperse should be less motivated to dismantle their nest. 

Furthermore, there is substantial evidence that failed breeding individuals prospect 

the breeding performance of others to locate the high quality territories where they 

preferentially settle to breed in the following year (Eadie and Gauthier 1985; 

Cadiou et al. 1994; Doligez et al. 2004; Ward 2005; Calabuig et al. 2010; Schuett 

et al. 2012). As prospecting mainly occurs at the end of the breeding season (Arlt 

and Pärt 2008; Betts et al. 2008), which is normally the similar time after the 

breeding failure, failed drongos may prefer to engage in prospecting rather than in 

nest-dismantling behaviour. This may explain the less occurrence and low speed of 

nest dismantling in failed breeders. 
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Nest-Dismantling and Prospective Territory Competition 

The territory competition hypothesis predicts that prospectors use the presence of 

nests as a cue in selecting potential territories and compete for these territories in 

subsequent year (Li et al. 2009). Indeed, our nest-hanging experiment revealed that 

experimentally strengthened nests did attract prospectors. However, it did not lead 

to a higher replacement rate of strengthened-nest owners in the next year. When 

prospectors competed for territories that were selected based on the assessment of 

the previous year, prior residency of territory owners often confers an advantage in 

maintaining ownership of a territory regardless of who occupies it first. For 

example, when prospectors compete with individuals who already retained their 

previous territories, residents consistently dominate opponents in aggressive 

interactions within their familiar areas (the ‗resident advantage‘; reviewed by 

Kokko et al. 2006). Even if prospectors had occupied the territory before the 

owners from the previous year arrived, most of them were subsequently evicted 

when the owners from the previous year returned (Nolan 1978; Jakobsson 1988; 

but see Arcese 1987). For instance, a study on the northern wheatear, Oenanthe 

oenanthe, found that individuals selected the territories that they had prospected in 

the previous year, but the probability of successfully acquiring these territories was 

strongly dependent on the survival of the original owners (Pärt et al. 2011). In our 

study population, we also observed that new breeding pairs were replaced by pairs 

with at least one bird from the previous year during the nesting period (L. Lv, 

unpublished data). Therefore, the advantage of the original nest owners in retaining 

territories may have led to the relatively low replacement rates of nest owners in 

both of experimental and control groups, and the small difference between these 

two groups. In fact, only 10 out of 63 (15.9%) reused territories in the experimental 

and control group together were replaced by new birds in the next year (Figure 5.4; 

7 of 10 using the same nest tree and the other three nested in trees 11, 17 and 43 

meters away from the original nest tree, respectively). Among them, 7 territories 

(70.0%) were usurped and led to most of the replaced owners nesting near their old 

territories (Figure 5.4). This result suggests that territory competition does exist in 

our study population. However, the intensity of territory competition may be too 

weak to motivate drongos to reduce the prospective cost of territory competition by 

dismantling their nest. Furthermore, both the timing of breeding and the fledgling 

number of territory owners was not influenced by the strengthened nests hung in 

their territories in the previous year. These results suggest that potential territory 

competition as incurred by the strengthened nest did not lead to reduced breeding 

performance in drongos. Therefore, there was no or little cost for drongos if they 
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did not dismantle their nest under conditions of weak territory competition. 

In addition to the territory competition hypothesis, it has also been proposed 

that nest-dismantling may be an adaptive behaviour that benefited hair-crested 

drongos in the past, i.e. the ―once-beneficial hypothesis‖ (Li et al. 2009). Previous 

limitation of territories may have forced drongos to monopolize a territory but the 

restrictive factor has disappeared with environmental change or when entering a 

new breeding range. In this case, the nest-dismantling behaviour, assuming that the 

energetic cost to the breeding pair is low, has been retained but is no longer 

adaptive. From this point, the once-beneficial hypothesis may supplement the 

territory competition hypothesis when territory competition is weak in the 

population. Thus, it would be interesting to test whether drongos benefit from 

nest-dismantling when or where territory competition is more intense.  

 

Reusing Rate of Territory  

Although the replacement rate of territory owners was not differed between 

experimental group and control group, territories in experimental group tended to 

have a higher chance of being reused in the next year. For these territories that had 

not been reused, they were caused by former territory owners did not return (most 

likely died) or moved to other territories (number of territories that former owners 

did not return or moved to other territories; in experimental group: 2 and 3, in 

control group: 6 and 5). Nest hanging experiment may not increase the return rate 

of territory owners, but it may contribute to enhancing territory owners being more 

faithful to their former territories. As territory owners in experimental group have 

to spend more time in defending their territories due to more visiting of other 

conspecifics that are attracted by the strengthened nests, they may be more 

motivated to reuse their former territories in the next year. Further studies with 

larger sample size are needed to test this idea. 

Many studies reported that the number of fledglings was used by prospectors to 

assess the quality of the territory (e.g. Ward 2005; Parejo et al. 2007). Therefore, 

more chicks produced in the territory may attract more competing prospectors and 

consequently lead to a higher replacement rate of former territory owners in the 

next year. However, this was not supported in our study. As a contrast, territories, 

where more chicks fledged in the previous year, tended to be reused in a higher 

chance. Since the number of fledglings in the territory did not influence the 

replacement of former territory owners, this was most likely due to a higher 

territory reusing rate of former owner in territories where more young fledged in 

the last year. Therefore, these results suggested that territory owners, who produced 
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more fledglings in the previous year, performed better in retaining their former 

territories even with potential intense competition from conspecifics. This may 

cause by the variation of phenotypic quality or conditions among territory owners. 

High-quality individuals may be more productive and consistently dominate the 

inter-specific territory competition (Pierotti and Annett 1994; Bearhop et al. 1999; 

Renison et al. 2003). Meanwhile, better breeding performance also enhances 

territory fidelity (Gavin and Bollinger 1988; Switzer 1997; Haas 1998; Robert and 

Paiva 2014). All of this can contribute to a higher chance of territories being reused 

by these former owners who produced more chicks in the previous year. 

 

Conclusion 

Altogether our results only partially support the territory competition hypothesis 

that hair-crested drongos dismantle their nests to reduce territory competition in the 

following breeding season. Territory owners that succeeded in producing fledglings 

were more likely to dismantle nests and dismantle them faster if they prefer to 

reuse the territories in the following year. Prospectors may use the information of 

nest location in selecting preferred territories for the following breeding season. 

However, due to the advantage of original territory owners in retaining their 

territory, few prospectors may be able to usurp territories. Furthermore, owners did 

not seem to suffer from territory competition in terms of breeding performance. 

One potential alternative explanation is that nest-dismantling may benefit drongos 

only when territory competition is very intense in the population, a hypothesis that 

remains to be tested. As of now, however, the exact function of nest-dismantling 

remains a mystery. 
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In this thesis on the behavioural ecology of a migratory passerine, the hair-crested 

drongo, I have studied how individuals select specific breeding strategies to adapt 

to different environmental or social contexts based on their condition. For 

individual condition, I focus on the body condition, breeding experience and male 

quality that show individual variation and may be critical in determining individual 

breeding strategy. The environmental or social contexts are specified in terms of 

seasonal environment (environment deteriorates over the breeding season), mating 

status (maintaining pair-bonds or switching mates), extra-pair mating opportunities 

and intra-specific territory competition intensity. I investigate how individuals 

adapt to the environmental or social contexts through the timing of their onset of 

breeding, whether or not they retain their former mates, adjusting their investment 

in breeding, and their breeding behaviour (e.g. parents dismantle their nest after 

breeding). In this chapter, I discuss how my study contributes to the understanding 

of (1) condition-mediated breeding strategy, (2) context-dependent breeding 

strategy, and (3) how individual condition together with environmental or social 

contexts determine individual breeding strategy. Finally, I will outline several 

thoughts and recommendations for future studies on how condition mediates 

context-dependent breeding strategies and consequently influences individual 

fitness. 

 

Condition mediates breeding strategy 

In this thesis, I studied individual variation in body condition, breeding experience 

and quality in the hair-crested drongo, and how these traits can influence individual 

breeding strategies and subsequent breeding performance. Individuals show 

heterogeneity in several condition traits associated with reproduction. 

Individuals that vary in body condition may differ in physiological state (e.g. 

immune function and presence of infection), with individuals in better condition 

being more healthy and performing better in coping with environmental challenges 

(Jakob et al. 1996). In migratory species, individuals in better body condition can 

arrive earlier and start breeding earlier (Møller et al. 2004; Ninni et al. 2004). 

Arriving early is advantageous for territorial birds, because it allows priority for 

individuals to occupy or retain former high quality breeding sites with more food 

and/or less predation pressure (Daan et al. 1988). This can lead to early breeders 

obtaining higher reproductive success than late breeders. This phenomenon may 

also explain the seasonal decline in breeding performance observed in the 

migratory hair-crested drongo, as described in chapter 2. Furthermore, individual 



Summary and general discussion 

89 

 

body condition can be consistent within individuals or pairs among years. This is 

supported in chapter 2 by the fact that laying date was repeatable among years for 

females of perennial pairs (pairs of mate retention over years). Therefore, early 

breeders of the hair-crested drongo may consistently obtain a higher reproductive 

success and lead to a large difference in lifetime reproductive success between 

individuals. This may lead to a high proportion of recruits produced by a relatively 

small proportion of adults and subsequently have significant influence on 

population dynamics, population genetic structure, and evolutionary change of the 

population (Newton 1989; Smith 2004; Hochachka 2006). 

Individuals may also differ in breeding experience, which may influence their 

breeding strategies. First-time breeders who have no breeding experience may 

breed later and produce fewer eggs than experienced breeders (Coulson 1966; 

Pampus et al. 2005). Furthermore, first-time breeders may also have less skills in 

caring for the brood and defending the brood from predators (Forslund and Pärt 

1995). This may lead to first-time breeders having fewer and/or poor condition of 

young fledged (Hipfner and Gaston 2002; Pampus et al. 2005; Hatch and Westneat 

2008). In chapter 3, I demonstrated that hair-crested drongo pairs consisting of 

first-time breeders, especially male first-time breeders, bred later than pairs 

consisting of experienced breeders. Therefore, this may be caused by the fact males 

establish the territory in this species and male first-time breeders arrive later and 

establish territories later than experienced males. Moreover, although clutch size is 

similar for first-time and experienced breeders, first-time breeders, especially male 

first-time breeders, have a lower survival rate of eggs to fledglings. Male 

hair-crested drongos take more responsibility in nest defence from predators (L. Lv, 

personal observation), and therefore their breeding experience might be more 

important than female breeding experience in determining the breeding 

performance. Poor breeding performance in first-time breeders may be due to being 

less skilled in defending their brood from nest predators, but this needs further 

research. This idea is supported by the increased reproductive success in the next 

year of these first-time breeders when they have gained breeding experience from 

their first-time breeding. It has been suggested that individuals can improve their 

parenting skills from former breeding experience (Brandt 1984; Desrochers 1992; 

Weimerskirch 1992; Cichoñ 2003) and/or increase their reproductive effort 

(Pugesek 1981; Pugesek 1984; Part et al. 1992), which in turn may lead to an 

improvement in breeding performance. In long-lived birds, this improvement may 

be extended over several years and individuals of long-lived species show an 

increased reproductive success with age (reviewed by Sæther 1990; Forslund and 
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Pärt 1995; Klemming 1998). However, in hair-crested drongos and other relatively 

short-lived birds, the improved breeding performance may only be obvious 

between the first and the second breeding season. This is supported in my study by 

the fact that perennial pairs do not breed earlier or obtain a higher reproductive 

success due to longer pair-bond duration. To sum it up, individuals of the 

hair-crested drongo vary in breeding experience which in turn affects the timing of 

breeding and breeding performance. 

Males may differ in quality. Individuals with increased ornamentation, or 

possessing certain attributes (such as vocal signals), are often more preferred in 

mate choice (reviewed in Bradbury and Andersson 1987; Ryan and Keddy-Hector 

1992; Andersson 1994; Møller and Gregersen 1994; Johnstone 1995). This is 

because these characters may reflect individual‘s genetic quality and/or the 

capability of breeding investment (Hoelzer 1989; Hill 1991; Kempenaers et al. 

1992). Thus, mating with these high quality individuals may be advantageous for 

females in producing more and/or better quality offspring. This preference may 

also exist in choosing extra-pair mates by females in socially monogamous species 

(Kempenaers and Schlicht 2010). In species with bi-parental care, males are 

confronted with a temporal and energetic trade-off between providing care and 

pursuing additional matings (reviewed in Magrath and Komdeur 2003, Stiver and 

Alonzo 2009). As such, quality may influence the breeding strategy of males 

because the benefits they can gain from parenting and mating efforts are different. 

The parental-mating trade-off hypothesis proposes that high quality males should 

provide less parental care than low quality males, because they can achieve 

relatively greater reproductive success from seeking additional matings (Magrath 

and Komdeur 2003, Stiver and Alonzo 2009). This hypothesis is supported in my 

study. In chapter 4, I showed that high quality male hair-crested drongos incubated 

less to seek extra-pair matings. Furthermore, high quality males incubated less by 

recessing longer between incubation bouts, but not by incubate shorter in each bout. 

This indicates that individual quality can have a comprehensive influence in 

determining male breeding strategy. Thus, individuals seek to optimize the 

allocation of resources and time between parenting and mating effort to maximize 

their reproductive success. 

 

Context-dependent breeding strategy 

Individuals may experience different environmental or social contexts, which may 

consequently influence their breeding strategies. In this thesis, I focus on whether 

and how seasonal environment, mating status and extra-pair mating opportunities 
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influence individual breeding strategy. Additionally, I discuss whether intra-species 

territory competition play a role in shaping a unique behaviour, nest dismantling 

(parents dismantle their nest after breeding), in the hair-crested drongo. 

In a seasonal environmental context, breeding environment may deteriorate 

over time as some ecological factors change over the breeding season. For example, 

food availability for insectivore bird species may decrease over time resulting in a 

large proportion of the population breeding after the annual peak of insect 

abundance (Perrins et al. 1965; van Balen 1973; Daan et al. 1989; Verboven et al. 

2001). Meanwhile, predation pressure may increase over time as the breeding 

timing of avian predators usually follow the peak abundance of fledglings of prey 

species (Gotmark 2002; Verhulst and Nilsson 2008). From this point, breeding 

earlier in the season can be advantageous in terms of obtaining a better breeding 

performance. In chapter 2, I investigated the influence of breeding timing on 

reproductive success in the hair-crested drongo. In this species, parents produce 

fewer fledglings over the breeding season and this trend is consistent among years. 

As individual condition is consistent among years and the influence of other 

ecological factors (e.g. year effect) are negligible or can be controlled for, I 

hypothesize that if the environment always deteriorates over the breeding seasons, 

reproductive success of perennial pairs should decrease when individuals breed 

later relative to their timing of breeding in other years. However, perennial pairs 

produce a similar number of fledglings when they breed later compared to what 

they produce in other years. This suggests that environmental context does not 

deteriorate over the breeding season for this population. Predation of eggs and/or 

fledglings contributes to most of the nest failures in this population. As common 

avian predators have their young fledged before the hair-crested drongos have 

produced fledglings, earlier breeders may suffer similar predation pressures to late 

breeders. This raises the question of why individuals vary in their timing of 

breeding given that predation pressure is similar for earlier and later breeding 

hair-crested drongos. As mentioned above, breeding earlier may be advantageous 

in occupying or retaining former high quality breeding sites (Daan et al. 1988). 

Furthermore, parents and their offspring may also benefit from earlier breeding 

because parents may have more time for moulting and their offspring may have 

more time to gain mass and increase their foraging skills before the fall migration. 

Additionally, early breeders may have higher chance of producing a successful 

replacement clutch in cases where the first clutch fails (Dhondt 1987; 

Naef-Daenzer et al. 2001; Becker and Zhang 2010). From this point, breeding 

earlier is a breeding strategy for individuals of better condition to maximize life 



Chapter 6  

92 

 

reproductive success in a seasonal environmental context. 

Mating status may also influence individual breeding strategy because 

switching mates can be costly in terms of finding or fighting for a new mate and/or 

breeding site (Black and Hulme 1996). Furthermore, continuously breeding with 

the same mate may improve the coordination of reproductive behaviours, such as 

breeding synchrony and compatibility between partners, and lead to a higher 

reproductive success (Griggio and Hoi 2011; Rooij and Griffith 2013, but see 

Gabriel and Black 2013). It has been demonstrated in several studies that 

reproductive success decreases after switching mates (Hatch and Westneat 2007; 

Gabriel and Black 2013), but increase if individuals continue to breed with the 

same partner (Bradley et al. 1995; van de Pol et al. 2006; Naves et al. 2007; Nisbet 

and Dann 2009, but see McDonald et al. 2004). In chapter 3, I showed that 

hair-crested drongos which maintain pair-bonds from the previous year bred earlier 

than conspecifics. However, they did not obtain a higher reproductive success. 

Moreover, they did not breed earlier or perform better than pairs consisting of only 

experienced breeders. The results indicate that hair-crested drongos do not benefit 

from mate retention in terms of higher reproductive output. This is further 

supported by the fact that pair-bond duration has no significant effect on timing of 

breeding and reproductive success in perennial pairs. This also raises the question 

of why hair-crested drongos should engage in mate retention, because this has 

ostensibly no effect on improving their breeding performance. I suggest that mate 

retention may be a by-product of breeding site fidelity (Burger 1974, Morse and 

Kress 1984, Cuthbert 1985, Pietz and Parmelee 1994, Ens et al. 1996, Naves et al. 

2007, Bai and Severinghaus 2012, but see Bried et al. 2003, Robert and Paiva 

2014). As both male and female are faithful to their previous breeding site in the 

hair-crested drongo, it can lead to mate retention being the common mating 

strategy in this species. Furthermore, the quality of breeding sites may also 

promote this phenomenon as individuals are more faithful to high quality breeding 

sites compared with low quality ones (Bollinger and Gavin 1989, Newton 1993, 

Bried and Jouventin 1999, but see Jiménez-Franco and Martínez 2013). Thus, I 

conclude that mating status may not influence the breeding strategy of the 

hair-crested drongo. Moreover, individual breeding strategy and breeding 

performance is consistent when both partners have breeding experience. 

Social contexts, such as breeding synchrony, have a profound influence on 

individuals‘ breeding strategy. For bi-parental species with males seeking extra-pair 

matings, the extra-pair mating opportunities in the local social context may 

influence the trade-off between parenting and mating efforts for males (Magrath 
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and Komdeur 2003; Stiver and Alonzo 2009). It has been demonstrated that males 

decrease parental effort and increase mating effort when they have more extra-pair 

mating opportunities (e.g. Magrath and Elgar 1997; Hill et al. 2011; LaBarbera et 

al. 2012). However, in territorial bird species, extra-pair mating opportunities may 

also vary temporally and spatially. Both breeding density and breeding synchrony 

may influence the number of available fertile females for males, for extra-pair 

mating, during a specific period (Stutchbury and Morton 1995; Richardson and 

Burke 2001). Furthermore, the available extra-pair mating opportunities for focal 

males can also be distance-limited, because males need to defend their territories 

from conspecifics and protect their brood from predators (Wang and Lu 2014). 

Interestingly, this common finding has rarely been considered in investigating how 

extra-pair mating opportunities shape the optimal allocation between parenting and 

mating efforts for males (Smith and Montgomerie 1992; Magrath and Komdeur 

2003; Stiver and Alonzo 2009; Hill et al. 2011), although incorporating such 

ecological factors may substantially change this relationship. In chapter 4, I found 

that male incubation attendance was negatively correlated with their quality when 

they have more extra-pair mating opportunities nearby. Furthermore, there was a 

threshold for high quality males to incubate less. A decrease in male incubation 

attendance occurred only when the males have at least two fertile female 

neighbours present. I suggest that males only incubate less when the chance of 

obtaining extra-pair matings is relatively high, because male hair-crested drongos 

contribute to substantial incubation attendance of the nest and consequently are 

critical for the breeding success of the brood. These results highlight the 

importance of quantifying available extra-pair mating opportunities in investigating 

how individuals determine their breeding strategy in trading off parenting and 

mating efforts.  

Territory fidelity, in which individuals reuse the same territory over consecutive 

years, is common among many migratory bird species (Greenwood 1980; Newton 

2008). Individuals benefit from this phenomenon because they are experienced 

with local conditions, which usually leads to a better breeding performance (Hinde 

1956; Beletsky and Orians 1991; Pärt 1995; Stamps 1995; Grabowska-Zhang et al. 

2012). However, for the owners of breeding territories, where breeding 

performance is usually good, they may also be under high territory competition 

from conspecifics. This is particularly the case when prospecting individuals use 

the past breeding performance of other pairs as a cue to assess the quality of 

breeding territories and select the optimal breeding territory for the future 

(reviewed in Ponchon et al. 2013). I tested whether a unique behaviour observed in 
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the hair-crested drongo, nest dismantling of their own nest after a reproductive 

event, was an adaptive breeding strategy to reduce prospective territory 

competition in the next year by masking the potential cue to conspecifics (territory 

competition hypothesis, Li et al. 2009). I showed that territory owners who 

succeeded in producing fledglings were more likely to dismantle nests and 

dismantle faster if they preferred to reuse the territories in the following year. By 

removing the natural nests from trees and leaving them in a natural habitat where 

hair-crested drongos rarely visited, I found most nests remained intact until the 

next breeding season. Moreover, experimentally strengthened nests in successful 

territories, which had chick(s) fledged, attracted prospectors and tended to result in 

a higher reuse rate of territories in the next year. However, it did not lead to a 

higher replacement rate of the territory owners, and territory owners did not breed 

later or perform worse due to the potential territory competition in the next year. 

These results suggest that hair-crested drongos may not suffer from potential 

territory competition if they do not dismantle their nest in the previous year. This 

may be explained by the advantage of original territory owners in retaining their 

territory (Nolan 1978; Jakobsson 1988; but see Arcese 1987). Although 

prospectors may locate territory through other cues (e.g. presence of fledglings), 

few of them may be able to usurp territories. I suggest that nest-dismantling may 

benefit hair-crested drongos only when territory competition is very intense in the 

population. 

 

Condition mediates context-dependent breeding strategies 

Individuals may select specific breeding strategies to adapt different environmental 

or social contexts based on their condition. In this thesis, I discuss whether 

individual body condition interact with environmental quality in determining the 

breeding performance across different times during the breeding season, whether 

mate retention and individual breeding experience lead to a difference of breeding 

performance between perennial pairs and newly formed pairs, and how male 

quality interacts with extra-pair mating opportunities in determining a male‘s time 

and energetic allocation between parenting and mating efforts. 

A seasonal decline in breeding performance may be due to individuals in better 

condition occupying superior breeding sites and breeding earlier, or to deterioration 

of environment over time, or a combination between these two (Verhulst and 

Nilsson 2008). As individual conditions usually interact with environmental 

context, it is difficult to distinguish these possibilities. Furthermore, due to no 

direct control over the timing of breeding, manipulating breeding timing (e.g. 
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removing the first clutch) without introducing potential confounding effects (e.g. 

decreased female condition) seems impossible (Verhulst and Nilsson 2008). 

Therefore, in chapter 2, I applied a novel comparative method to test the influence 

of breeding timing on breeding performance by using the natural variation of 

timing of breeding within perennial pairs among years. As shown above, the results 

indicated that early breeders, who are in better condition and always lay earlier in 

consecutive years relative to the population, performed better than late breeders. 

However, both early breeders and late breeders did not perform worse when they 

bred relatively late compared to when they bred in other years. This ruled out the 

possibility that individuals of better condition compensated for the negative effects 

of late breeding and consequently lead to no effect of actual timing of breeding on 

performance (De Neve et al. 2004; Verhulst and Nilsson 2008). It indicates that the 

observed seasonal decline in breeding performance in the hair-crested drongo is 

due to an effect of individual condition (individuals of better condition occupying 

high quality site breeding early), but not a direct effect of breeding timing. Thus, 

breeding earlier may be an adaptive breeding strategy of individuals in better 

condition to gain advantage in a seasonal environment in terms of occupying better 

quality breeding sites, producing replacement clutch in case of failure of first 

clutch and having more time for moulting before the fall migration. 

Individuals which maintain pair-bonds usually perform better than conspecifics 

switching mates. However, this may be due to newly formed pairs consisting of 

young, inexperienced birds of low condition which may in turn lead to poor 

breeding performance of such pairs (Ens et al. 1996; Hatch and Westneat 2007). 

Furthermore, individuals of better condition may have a better chance of staying 

together as they could invest more in breeding and are more likely to obtain higher 

reproductive success which usually facilitates mate retention (Streif and Rasa 2001; 

Dubois and Cézilly 2002; Moody et al. 2005). These potential confounding effects 

need to be controlled for when investigating the influence of mate retention on 

breeding performance. I solved this problem with longitudinal analyses by 

comparing the breeding performance of individuals across two consecutive years 

that either did or did not switch breeding partners in the second year (Ens et al. 

1996; Llambías et al. 2008). The results in chapter 3 showed that hair-crested 

drongos bred later and performed worse when they newly paired with 

inexperienced breeders, especially male first-time breeders. However, individuals 

did not perform better through mate retention. Furthermore, perennial pairs did not 

perform better than newly formed pairs consisting of experienced males. These 

results indicate that individuals do not perform better through mate retention, but 
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breed later and perform worse when pairing with an inexperienced breeder, 

especially male first-time breeder. Thus, breeding experience in the hair-crested 

drongo is more important than mate retention in determining individuals‘ breeding 

strategies and the resulting breeding performance in this species. 

Quality may influence the optimal investment of males between parenting and 

mating efforts, because the success of gaining additional matings usually varies 

with male phenotype. It is expected that high quality males would invest more in 

mating effort as they are more likely to gain additional matings and therefore can 

achieve relatively greater reproductive success (Magrath and Komdeur 2003; 

Stiver and Alonzo 2009). Meanwhile, males may not only consider their own 

quality but also the availability of extra-pair mating opportunities in the local social 

context when they seek extra-pair matings. I quantified the available extra-pair 

mating opportunities for hair-crested drongos during the incubation period and 

investigated how individual quality influences the trade-off between parenting and 

mating efforts for males in chapter 4. I found that male quality had no significant 

influence on parenting effort when there were no or little extra-pair mating 

opportunities from their close neighbours. However, male quality was negatively 

correlated with their parenting efforts when they had more extra-pair mating 

opportunities. I suggest that male hair-crested drongos change their allocation 

between mating and parenting efforts according to the local social context based on 

their own quality. Meanwhile, although females increase breeding investment to 

compensate for the decreased incubation attendance of their high quality partners, 

they could not fully compensate. This may lead to reduced overall nest incubation 

attendance and result in a low hatching success of their own brood. Therefore, male 

hair-crested drongos have to determine their breeding strategy considering the 

benefits from seeking extra-pair matings and the corresponding cost of decreasing 

parenting care in their own brood. Males may only be able to incubate less as long 

as their partners can compensate and maintain the nest attendance at a level where 

embryos can still successfully develop (Jones et al. 2002). 

 

Future perspectives 

This thesis provides new insights on how individuals adopt a specific breeding 

strategy to maximize their reproductive success based on their own condition and 

the environmental or social contexts that they experienced. Nonetheless, several 

topics remain to be investigated in future studies. The most important is how 

individuals trade off current reproduction with future reproduction. This is because 

the current condition of individuals may be influenced by their breeding strategy in 
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the previous breeding seasons and the determination of current breeding strategy 

may not only depend on the benefit from current reproduction, but also the 

potential influence on survival and future reproduction (Boonekamp et al. 2014; 

Lemaître et al. 2015). Future studies based on complete individual life histories 

may provide a good opportunity for better understand how individual condition 

interacts with environmental and social context in determining individual breeding 

strategy. 

Another worthwhile point is the potential role of breeding site quality in 

affecting individual breeding strategy and subsequent breeding performance. In 

chapter 2, I concluded that the seasonal decline in breeding performance was due to 

individuals of better condition arriving earlier and occupying superior breeding 

sites. Therefore, if breeding sites differ in quality, it may promote the difference of 

breeding performance between earlier breeders and late breeders. Thus, testing how 

individual variation in conditions contributes to the seasonal decline of breeding 

performance needs to control for the confounding effect of breeding site quality. In 

chapter 3, I suggested that mate retention might be a by-product of breeding site 

fidelity. As individuals are more faithful to high quality breeding sites compared to 

low quality ones, breeding site quality may be the potential reason that promotes 

breeding site fidelity and leads to the breeding performance differences between 

pairs which keep pair-bonds or not. Thus, the investigation on whether individuals 

benefit from mate retention needs to clarify the influence of site quality on 

breeding site fidelity. In chapter 4, I showed that although high quality males did 

less parenting than low quality males when they had available extra-pair mating 

opportunities, males who had more extra-pair mating opportunities did not invest 

less in parenting than others who had less or no extra-pair mating opportunities. 

This may be because males who have more extra-pair mating opportunities usually 

breed at high quality sites. Breeding density is usually high in high quality breeding 

areas which may also lead to more extra-pair mating opportunities. Individuals who 

breed at high quality sites may invest more in parenting effort. Therefore, high 

quality males, who breed at high quality sites and invest less in parenting, may 

spend similar parenting effort as males who breed at low quality sites. Thus, 

investigating how extra-pair mating opportunities influence parenting efforts of 

males needs to control for the effect of breeding site quality. Longitudinal analyses 

of how individuals change parenting effort when available extra-pair mating 

opportunities varied may offer a good opportunity to test it. In chapter 5, I suggest 

that nest-dismantling may benefit hair-crested drongos only when territory 

competition is very intense in the population. Territory competition may correlate 
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with territory quality as individuals compete for high quality territories that are 

usually in short supply. Therefore, it can be expected that nest dismantling occurs 

more often and faster in high quality territories. Future studies measuring territory 

competition among territories of different quality may provide a good chance to 

further test the territory competition hypothesis.  
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Fledglings of black drongo (Dicrurus macrocercus) 

 
 An Indian Cuckoo (Cuculus micropterus) chick sits in the nest of black drongo.  
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Individuals vary in condition traits associated with reproduction. Such 

between-individual heterogeneity may influence how individuals adapt to 

environments and consequently affect their breeding performance. Meanwhile, 

individuals may also experience different environmental or social contexts. Natural 

selection should favour those individuals who can determine their breeding strategy 

based on both their own condition and the contexts they experience to maximize 

their fitness. In this thesis, I investigated how body condition, breeding experience 

and male quality influenced the breeding strategy of a migratory Asian passerine, 

the hair-crested drongo (Dicrurus hottentottus), under different environmental or 

social contexts. 

I showed that hair-crested drongos produced fewer fledglings over the breeding 

season, which was consistent among years. This was due to some perennial pairs 

(pairs that remained stable across years), which were in good condition and 

consistently laid earlier relative to the population mean among years, produced 

more fledglings. Moreover, females of perennial pairs did not produce fewer 

fledglings when they bred later compared to what they produced in other years. 

The seasonal decline in reproductive success in the hair-crested drongo, at least in 

perennial pairs, is due to the difference of quality between early breeders and late 

breeders (―quality hypothesis‖), rather than an effect of deteriorating environmental 

condition over time (―date hypothesis‖). 

By carrying out both cross-sectional and longitudinal analyses, I showed that 

pairs with longer pair-bond duration did not produce more young or fledglings of 

better body condition, nor did they fledge more or better young than newly formed 

pairs consisting of at least one experienced breeder, i.e. individuals that had bred 

before. However, individuals bred later and produced fewer fledglings when they 

were paired with an inexperienced breeder, especially when the female was paired 

with an inexperienced male. Thus breeding experience, particularly the breeding 

experience of the male, but not mate retention, is important in determining the 

breeding performance of hair-crested drongos. 

Extra-pair mating opportunities for male hair-crested drongos during the 

incubation period were limited to nearby females (within two or three territory 

distance). In agreement with the prediction of ―parental-mating trade-off‖ 

hypothesis, high quality males, who have longer tarsus and are more likely to sire 

extra-pair offspring, incubated less than low quality males by recessing longer 

between incubation bouts, but only when more neighbouring females were fertile. 

Females incubated more to partially compensate for the decreased incubation 

attendance of their partners, but this accounted for only 79% of the reduced effort. 
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Thus, male hair-crested drongos reduce their parental care if their quality are higher, 

but only when they have more opportunities to find fertile extra-pair partners. 

Hair-crested drongos dismantled their nest after breeding. They were more 

likely to dismantle their nests and dismantle their nests faster if they successfully 

produced fledglings that breeding season and preferred to reuse their territories in 

the next year. Experimentally strengthened nests attracted prospectors and resulted 

in a higher reuse rate of territories in the next year. However, it did not lead to a 

higher replacement rate of ―strengthened-nest owners‖ or poor breeding 

performance of ―strengthened-nest owners‖ due to the potential higher territory 

competition. The results partially support the territory competition hypothesis. We 

suggest that nest-dismantling may only be beneficial to hair-crested drongos when 

territory competition is very intense. 

To conclude, individuals determine their breeding strategy according to their 

own condition and the environmental and social contexts that they experience. 

Better understanding of how individual condition interacts with environmental and 

social context in determining individual breeding strategy requires the knowledge 

of complete individual life histories and consideration of the influence of territory 

quality.
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Individuen verschillen in reproductie-gerelateerde kenmerken. Een dergelijke 

heterogeniteit tussen individuen kan invloed hebben op het individuele vermogen 

zich aan te passen aan de omgeving, en daarmee op reproductief succes. Individuen 

ervaren mogelijkerwijs verschillende omgevings- of sociale contexten die de 

optimale expressie van broedgedrag zou kunnen beïnvloeden. Natuurlijke selectie 

zou die individuen moeten bevoordelen die hun broedstrategie kunnen bepalen op 

basis van hun eigen conditie én de contexten die zij ervaren, om hun fitness te 

maximaliseren. In dit proefschrift onderzoek ik hoe lichamelijke conditie, 

broedervaring en mannelijke aantrekkelijkheid van invloed zijn op individuele 

broedstrategieën van de Haarkuifdrongo (Dicrurus hottentottus), een migrerende 

Aziatische zangvogel. 

Ik liet zien dat het aantal jongen dat haarkuifdrongos grootbrachten afnam 

gedurende het broedseizoen, wat consistent was door de jaren heen. Dit werd 

veroorzaakt door de aanwezigheid van meerjarige broedparen (bestaande uit 

individuen die ook samen in vorige jaren hebben gebroed), die in goede staat 

verkeerden en consequent eerder eieren legden ten opzichte van het vastgestelde 

populatiegemiddelde. Bovendien, produceerden vrouwtjes van meerjarige paren 

niet minder jongen als ze later gingen broeden vergeleken met wat ze produceerden 

in andere jaren. De seizoensgebonden daling van reproductief succes in de 

Haarkuifdrongo, althans in meerjarige paren, is te wijten aan het verschil tussen de 

kwaliteit van vroege en late broeders en niet aan de achteruitgang van de omgeving 

in de tijd. Deze resultaten bevestigen de "kwaliteitshypothese", maar niet de 

"datumhypothese". 

We verzamelden individuele data door zowel dwarsdoorsneden te nemen van de 

populatie (―cross sectional‖), als individuen te volgen tijdens hun leven 

(―longitudunal‖). Hiermee toonde ik aan dat paren met een langdurige paarband 

niet meer jongen of jongen met een betere lichamelijke conditie produceerden dan 

nieuwgevormde paren met ten minste één ervaren broeder. 

Desalniettemin, individuen broedden later en produceerden minder jongen als 

ze met een onervaren broeder gepaard waren, vooral wanneer het vrouwtje was 

gepaard met een onervaren mannetje. Dus, broedervaring, voornamelijk die van 

mannetjes, maar niet partnerbehoud, is van belang bij het bepalen van reproductief 

succes van haarkuifdrongos. 

Kansen om te paren met andere partners voor mannelijke haarkuifdrongos 

tijdens de incubatieperiode werden beperkt tot het aantal vrouwtjes in de nabije 

omgeving. In overeenstemming met de voorspelling van de "parental-mating 

trade-off" hypothese, broedden aantrekkelijke mannetjes, met een langere tarsus en 
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een hogere kans om buitenechtelijke jongen (met andere partners) te verkrijgen, 

minder dan niet-aantrekkelijke mannetjes. Vrouwtjes broedden meer om te 

compenseren voor de verminderde incubatie van hun partners, maar deze 

compensatie was niet volledig. Aldus, mannelijke haarkuifdrongos verminderen 

hun ouderlijke zorg wanneer ze aantrekkelijker zijn, maar alleen als ze een hoge 

kans om te paren met andere partners. 

Haarkuifdrongos ontmantelen hun nest na het broedseizoen. Ze waren meer 

geneigd om hun nesten te ontmantelen en ontmantelden hun nest sneller, wanneer 

ze in hetzelfde broedseizoen succesvol jongen gereproduceerd hebben. Verder 

hadden individuen die hun nest ontmantelden een grotere kans om in het volgende 

broedseizoen hetzelfde territorium te gebruiken. Experimenteel versterkte nesten 

trokken territorium-onderzoekende vogels aan en resulteerde in een hogere mate 

van hergebruik in het komende jaar. Echter, het leidde niet tot meer vervanging of 

lager reproductief succes van de "versterkte-nest eigenaren" te wijten aan de 

potentiële grotere territorium competitie. Deze resultaten bevestigen gedeeltelijk de 

territorium competitie hypothese. Wij suggereren dat nest-ontmanteling alleen 

voordeling is in het geval van sterke competitie om territoria. 

Haarkuifdrongos bepalen hun broedstrategie op basis van hun eigen conditie en 

de omgevings- en sociale context die zij ervaren. Volledige kennis van de 

individuele ―life-history‖ en van de invloed van territoriumkwaliteit zou kunnen 

bijdragen aan een beter begrip van hoe individuele conditie interacteert met 

omgevings- en sociale factoren bij het bepalen van de individuele broedstrategieën. 
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