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The investment of animals into energy-demanding activities, such as reproduction, 

may depend on environmental conditions and also on their individual potential or 

quality. As animals in a population differ in quality and occupy different 

environments based on reproductive requirements, the effects of environmental 

and individual quality on reproductive performance attract a great deal of attention 

from ecologists and have been extensively studied in animal populations.  

For many species, there is a relatively brief period in the year where 

conditions are favourable for reproductive performance (Lack, 1968). This period 

of favourable conditions varies from year to year based on environmental 

conditions, such as ambient temperature and habitat quality. Hence, environmental 

quality affects reproductive performance in animals through its effects on habitat 

resources (e.g. food availability). In addition to environmental quality, within-

population differences in individual quality lead to differences in reproductive 

performance (Stearns, 1992). In this thesis, I will focus only on habitat quality and 

ambient temperature as indices of environmental quality and individual age and/or 

lifespan as indices of individual quality. I will then explain the effects of these 

environmental and individual quality parameters on habitat preferences as 

expressed by nest-site occupancy and features of reproductive performance 

including laying date, clutch size and incubation patterns (female incubation and 

male incubation feeding). As environmental requirements (e.g. habitat  

requirements) for reproductive performance are varied in different animal species, 

I specifically focus on insectivorous birds in forest habitats as a study system. 

 

1- Environmental quality and reproductive performance 

Environmental variables are important factors that exert considerable influence on 

reproductive performance. The environment comprises many different variables, 

but in this thesis I will focus only on two highly important indices of 

environmental quality: habitat quality and ambient temperature.   

 

1-1- Habitat quality 

Habitat quality is a major determinant of reproductive performance for most bird 

species (Newton, 1989; Komdeur, 1992; Laaksonen et al., 2004). Different species 

and individuals have specific requirements for breeding in different habitats with 

different qualities and resources (e.g. food frequency; see Avery & Leslie, 1990; 

Jones, 2001; Mörtberg, 2001).  

As a result of natural selection, individuals try to seek the best habitats for 

reproductive performance based on ideal choice (Fretwell & Lucas, 1970). 

Sometimes, non-ideal habitat selection occurs and individuals select lower-quality 
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habitats due to lower experience, greater competition and/or limitation of high-

quality habitats (Lima & Zollner, 1996).  

According to the theory of habitat selection, individuals of a breeding 

population which occupy high-quality habitats would achieve higher fitness than 

individuals occupying in low-quality habitats (Fretwell & Lucas, 1970; Bernstein 

et al., 1991). There are different indices to estimate habitat quality for birds (e.g. 

occupants’ average survival, breeders density, number of fledglings per hectare, 

reproductive rates; for details see Chandler & King, 2011; Janiszewski et al., 

2013). In all of these indices, food availability (which varies considerably between 

habitats (Tremblay et al., 2003)) is one of the main factors limiting habitat-related 

reproductive performance (Newton, 1998). In forest habitats, habitat quality for 

avian populations can be expressed and measured by vegetation structure and 

maturity surrounding the nesting sites, which have been correlated with insect 

abundance as food resources (Tye, 1992; Santos & Tellería, 1995; Bellamy et al., 

2003). High-quality habitats with higher food availability have been shown to 

result in higher reproductive performance (Keller & van Noordwijk, 1994; Naef-

Daenzer et al., 2000).  

Habitat loss due to anthropogenic activities is increasing for many species in 

the recent years (Sih et al., 2000). Hence, knowledge of the influence of habitat 

quality on reproductive performance is important in birds (Lusk et al., 2003, 

Quevedo et al., 2006). 

 

1-2- Ambient temperature 

One of the environmental variables that most clearly affects the variation in timing 

of reproductive performance is ambient temperature. Ambient temperature 

influences the forthcoming of favourable conditions (Wingfield et al., 1992), such 

as the period of maximal food abundance when young should be produced. 

Furthermore, at low temperature, energetic costs are higher and thus may constrain 

reproductive performance (Stevenson & Bryant, 2000). For example, individuals 

should intensify their investment in reproductive performance (e.g. incubation 

behaviour) in lower ambient temperature to meet their offspring’s thermal 

requirements. Therefore, ambient temperature negatively affects the timing of 

breeding in insectivorous birds. With higher temperatures, the timing of bud burst 

of leaves will be started earlier which have an influence on abundance of foods 

such as insects (Kluyver, 1951; Perrins, 1965; van Balen, 1973; Slagsvold, 1976; 

Blondel et al., 1991; Belda et al., 1998; McCleery & Perrins, 1998; Sokolov, 2000; 

Both et al., 2004). Hence, ambient temperatures cause large annual variation in the 
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onset of reproductive performance and latter outcomes (e.g. clutch size, number of 

fledgling). 

 

2- Individual quality and reproductive performance 

Life-history theory suggests that not all individuals in a population are of equal 

quality (Coulson, 1968). Reproductive performance is costly and individuals are 

limited in the degree to which they can invest time and resources to producing and 

raising their offspring (current investment) and also in their own future condition, 

survival, and further reproductive output (future investments). Hence, individual 

quality can have an influence on trade-off in individuals between current and 

future investments and ability to survive and reproduce (Darwin, 1859; Williams, 

1966; Stearns, 1992).  

Conceiving a universal method for measuring and defining individual quality 

is problematic, however, because individual quality can be measured by both 

phenotypic and genotypic traits. Since most variation between individuals is 

related to phenotypic characteristics (Schluter & Gustafsson, 1993; Svensson & 

Nilsson, 1995), phenotypic traits such as age, morphometric size, and body 

condition of individuals are often used as indices of individual quality 

(Kempenaers et al., 1992; Doutrelant et al., 2000; Kipper et al., 2006; Holt et al., 

2013). The age of an individual is the most important predictor of phenotypic 

quality which usually correlates with individual quality (Kempenaers et al., 1992; 

Forsland & Part, 1995; Doutrelant et al., 2000, Kipper et al., 2006; Sergio et al., 

2009). Hence, hereafter in the thesis I will focus on and describe age as a measure 

for individual quality in relation to reproductive performance. 

 

2-1- Age of an individual 

Age often explains a large proportion of individual variation in reproductive 

performance (Clutton-Brock, 1988; Newton, 1989). Reproductive performance in 

birds generally improves and then declines with age (Clutton-Brock, 1988; 

Forslund & Pärt, 1995; Sanz & Moreno, 2000; Green, 2001; Pyle et al., 2001; 

Laaksonen et al., 2002). There are different hypotheses which explain the causes 

of age-specific reproduction: (1) The ‘selection’ or “individual heterogeneity” 

hypothesis proposes that age-related increases in reproductive performance are a 

consequence of the selective disappearance of individuals of lower quality or poor 

breeding ability. If high-quality individuals have survived longer, the 

disappearance of low-quality individuals changes age-related reproductive 

performance (Curio, 1983; Saether, 1990; Forslund & Pärt, 1995; Laaksonen et al., 

2002), because low-quality individuals usually start their reproductive 
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performance later (Forsland & Pärt, 1995). (2) The ‘constraint’ hypothesis 

suggests that experienced individuals (e.g. with higher efficiency in foraging and 

breeding skills) should have a better reproductive performance than inexperienced 

individuals (Forslund & Pärt, 1995). (3) The ‘restraint’ hypothesis (Williams, 

1966; Pianka, 1976) predicts that reproductive effort is dependent on an 

individual’s residual reproductive lifespan. It means that younger individuals 

should refrain or reduce their reproductive attempt, to improve their survival and 

be able to reproduce in the future, whereas older individuals should invest more in 

current reproduction due to terminal investment as a result of their diminished 

residual reproductive lifespan. (4) The ‘Senescence’ hypothesis suggests a within-

individual decline in somatic or physiological function in reproductive 

performance with age (Williams, 1957; Hamilton, 1966), meaning that 

reproductive performance may decline in old individuals as a result of senescence. 

Often for ageing studies, within- and between-individual changes in quality 

influence the relationship between age and reproductive performance. Within-

individual studies on age-specific reproductive performance have higher reliability 

to biologists than population-level patterns, because population-level patterns do 

not consider within-individual processes such as improvement of reproduction 

with age or a reduction of reproduction as a consequence of senescence (e.g. 

Vaupel & Yashin, 1985; Forslund & Pärt, 1995; Cam et al., 2002; Van de Pol & 

Verhulst, 2006; Bouwhuis et al., 2009). Hence, within-individual studies in age-

specific reproductive performance and survival are highly important. However, 

conducting within-individual studies on age-specific reproductive performance is 

difficult because it requires long-term monitoring of marked individuals from birth 

until death (Van de Pol & Verhulst, 2006; Bouwhuis et al., 2009). 

 

2-2- Partner age  

Sexual selection theory predicts that investment in reproduction in most taxa 

depends on the partner’s characteristics (attractiveness or body quality; Trivers, 

1972). For example, females mated with more attractive males (which likely 

transfer better genes to their offspring) display higher reproductive performance 

(Brooks & Kemp, 2001). Hence, males and females can interact in several ways 

throughout the reproductive process (Auld & Charmantier, 2011) and reproductive 

ageing trajectories of either partner may be influenced by the other. For example, 

females that invest more in female-specific traits such as lay date or clutch size 

may show faster senescence, dependent on partner quality (Bonduriansky et al., 

2008; Auld & Charmantier, 2011; Auld et al., 2013).  
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In species with bi-parental care during some stages of reproductive cycle, 

such as chick rearing, conflicts between the sexes over parental investment can 

occur (Trivers, 1972). For example, the reduction of feeding effort by one partner 

should, in most cases, result in an increased effort by the other partner (Winkler, 

1987). Each care-giver profits from more investment given by the other partner, 

which leads to a reduction in the amount of care given by the first partner (Parker, 

1985). The importance of inter-sexual conflict over care has been recognized in 

recent years (e.g. Hurst et al., 1996; Pomiankowski, 1999; Royle et al., 2002) but 

still requires further study. For example, we do not know how individuals adjust 

their reproductive investment based on patterns of their own and their partner’s 

age and/or quality. Hence, to gain a better understanding of ageing patterns in 

reproductive performance, the effect of an individual’s age and quality in 

interaction with age and quality of the partner is likely to reveal further insights 

into inter-sexual conflict in reproductive investments. 

 

3- Effects of environmental and individual quality on site occupancy 

and parameters of reproductive performance  

I will explain effects of environmental and individual quality on nest-site 

occupancy and features of reproductive performance as a case study including 

laying date, clutch size and incubation patterns (female incubation and male 

incubation feeding). 

 

3-1- Site occupancy 

The quality of the occupied habitats substantially influences fitness components. 

Nest-sites in poor quality habitats usually are occupied later the season compared 

to nest-sites in high quality habitats (Currie et al., 2000; Forstmeier, 2002; Sergio 

& Newton, 2003; Arriero et al., 2006). Hence, individuals should exhibit 

proportionally higher preference of high-quality habitats in comparison with low-

quality habitats. Therefore, habitat occupancy would be expected to reflect a 

reliable measure of habitat quality or preference (Sergio & Newton, 2003; 

Janiszewski et al., 2013). Based on habitat selection theory, the nest sites with 

higher occupancy rate or preference should be associated with greater reproductive 

performance (Luck, 2002).  

In addition to habitat quality, individual age or quality can explain some 

variation in site occupancy. Sometimes, age effect may be masked by 

environmental quality (Carrete et al., 2006). For example, in many populations, 

older or high-quality individuals may occupy the best habitats for breeding (e.g. 

Ulfstrand et al., 1981; Lemel, 1989; Sutherland, 1996) and younger or lower-
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quality individuals probably will be forced to occupy lower quality sites (Fretwell, 

1972; Rodenhouse et al., 1997). However, when we compare the performance 

abilities between individuals in habitats with similar quality, individual age 

differences in occupied habitat might be a major cause of the observed age-

specific reproductive performance in the population (Pärt, 2001). 

 

3-2- Laying date and clutch size 

In birds, laying date and clutch size are important predictors of reproductive 

performance and are closely related to fitness (Svensson, 1997, Tinbergen & Sanz, 

2004, Visser et al., 2006, Garant et al., 2007). These traits can be influenced by 

environmental and individual quality, including habitat food availability and 

individual age, as well as and quality of the partner (Mousseau & Fox, 1998; Price, 

1998; Cunningham & Russell, 2000). The proximate links between laying date, 

clutch size and habitat quality could be explained by temporal and spatial variation 

in food resource abundance (Maícas et al., 2012). In high-quality habitats with 

greater food availability, laying will be started earlier with larger clutch size than 

in low-quality habitats (Perrins, 1970; Zandt, 1994; Svensson & Nilsson, 1995; 

Nour et al., 1998; Blondel et al., 1999; Atiénzar et al., 2009, 2010; Redhead et al., 

2013). Furthermore, laying date and clutch size are also typically considered 

female specific traits. Older females that begin breeding sooner may produce 

larger clutches (Sæther, 1990; Christians, 2002). As non-significant heritability in 

males for these traits is given, it is therefore assumed that males do not influence 

these traits (Van Der Jeugd & McCleery, 2002; Sheldon et al., 2003; Gienapp et 

al., 2006; Caro et al., 2009). However, the quality of male may have an indirect 

effect on female reproductive performance (e.g. Auld & Charmantier, 2011; Auld 

et al., 2013). For example, in species with bi-parental care, reproductive 

performance in females may improve with earlier laying and larger clutches when 

they are mated to older or high quality males (Horvathova et al., 2012).  

 

3-3- Female incubation behaviour and male incubation feeding 

Incubation behaviour entails significant energetic costs that can vary depending on 

environment, individual characteristics and species (Reid et al., 2002; Tinbergen & 

Williams, 2002). Maintenance of proper temperatures during embryonic 

development is costly for the incubating parent, who is required to trade-off 

between self-maintenance to forage and meet their own energetic requirements 

and the thermal needs of the eggs and embryonic development (Webb, 1987; 

Williams, 1996; Thomson et al., 1998; Visser & Lessells, 2001).  
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In many species, but particularly those with female-only incubation, males 

sometimes feed the incubating female, which enables the female to increase nest 

attentiveness and in turn reproductive success (Lifjeld & Slagsvold, 1986; Nilsson 

& Smith, 1988; Martin & Ghalambor, 1999; Hatchwell et al., 1999; Tewksbury et 

al., 2002; Olson et al., 2006). The popular hypothesis for this male incubation 

feeding behaviour is the ‘female nutrition’ hypothesis, which states that male 

incubation feeding enables the female to increase the amount of time she can 

spend incubating (von Haartman, 1958; Royama, 1966). Variation in incubation 

behaviour and incubation feeding may be affected by environmental and 

individual characteristics. The most important factors that play fundamental roles 

on incubation patterns are environmental factors such as ambient temperature and 

food availability, related to habitat quality. These can have an influence on female 

incubation behaviour (Perrins, 1991; Conway & Martin 2000; Deeming, 2002; 

Weathers et al., 2002; Cresswell et al., 2003; Londono et al., 2008; Wang & 

Beissinger, 2009; Arnold, 2011) and male incubation feeding (Smith et al., 1989; 

Zanette et al., 2000; Pearse et al., 2004). In lower ambient temperatures, female 

nest attentiveness may increase to keep eggs within proper temperature ranges for 

successful embryo development (Webb, 1987; Sanz, 1997; Matysioková & 

Remeš, 2010). Furthermore, with decreasing ambient temperature, the intensity of 

male incubation feeding may decrease due to the decline in food availability as a 

result of a delay in vegetation bud burst (Zanette et al., 2000). The energetic cost 

of incubation probably will be lower in high-quality habitats with more food 

availability (Tinbergen & Dietz, 1994; Thomas et al., 2001).  

In addition to environmental quality, individual quality such as age of an 

individual and experience can influence incubation parameters such as the onset of 

incubation (Bortolotti & Wiebe, 1993; Soler et al., 2001; Hanssen et al., 2002; 

Badyaev et al., 2003; Ardia et al., 2006; Ardia & Clotfelter, 2007; Kim et al., 

2010) and male incubation feeding (Lifjeld et al., 1987; Siefferman & Hill, 2005). 

Older females may have higher foraging efficiency, allowing them to find food 

faster and return to the nest sooner. Furthermore, (due to similar reasons) older 

males may intensify the frequency of feeding the female during incubation (Lifjeld 

et al., 1987; Siefferman & Hill, 2005).  

 

4- Aim of the thesis 

In this thesis I investigated the effect of parameters associated with habitat quality 

and ambient temperature as indices of environmental quality and individual age 

and/or lifespan as indices of individual quality on predictors of reproductive 
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performance. In the thesis outline I will explain the specific aims for each chapter 

in more detail. 

 

4-1- Study system  

Our study species, the blue tit Cyanistes caeruleus, is a small, socially 

monogamous passerine bird with bi-parental care. Blue tits are one of the species 

that produce the largest families of nidicolous birds in the world (Perrins & 

McCleery, 1989) and are widespread and common resident breeders throughout 

temperate deciduous or mixed woodlands. They are often considered oak forest 

specialists (e.g. Perrins, 1979; Blondel et al., 2006; Lambrechts et al., 2004). Blue 

tits usually adapt easily to nest-boxes and human-modified habitats (Hinsley et al., 

2009) and can serve as a good model species for association between 

environmental and individual characteristics and reproductive performance.  

Our study was carried out in the “De Vosbergen”, an estate in the north of the 

Netherlands near the city of Groningen (53°08’N, 06°35’E). The study area covers 

ca. 50 ha consisting of young and old mixed deciduous and coniferous forest 

interspersed by open grassland. The most dominant tree species in the area are 

deciduous trees: particularly English oak Quercus robur and European beech 

Fagus sylvatica. The common coniferous trees are douglas fir Pseudotsuga 

menziesii, Scots pine Pinus sylvestris, and Norway spruce Picea abies. In 2001 a 

nest box population of blue tits was established (Korsten, 2006) with 188 wooden 

nest-boxes (inner dimensions: ca. 9.0 × 12.5 × 25 cm, with a 2.6 cm entrance hole) 

designed especially for blue tits. Nest-boxes were dispersed at relatively regular 

intervals over the whole study area. In 2013, 21 more similar nest-boxes were 

added in the study area in new plot of the deciduous forest and in total 209 nest-

boxes were available for blue tits from that year onwards. Blue tits breeding in 

nest-boxes were monitored following the protocols of the long-term programme 

established for the study population in 2001 (for details see Korsten, 2006). Hence, 

all the adult birds that were breeding in the population and their nestlings have 

been ringed. This makes a unique data set on blue tits in the “De Vosbergen” and 

also makes an ideal study population for ecological and behavioural research. 

 

4-2- Thesis outline 

In chapter 2 we used 13 years of breeding data of a population of blue tits to 

investigate the relationship between habitat quality and reproductive performance 

in an observational study. Most studies to date have investigated the relationship 

between vegetation and reproductive performance on a coarser scale between 

deciduous and coniferous forests and based on short-term data. We investigated 
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fine-scale vegetation characteristics, particularly the local densities and maturity of 

different tree species, and nest-site occupancy, laying date and clutch size. We also 

identified the main indices or predictors of habitat quality.  

As this work was based on observational study, we also investigated patterns 

of habitat-related reproductive performance in chapter 3, with an experimental 

approach based on anthropogenic activity such as tree logging event in 2013. We 

investigated the manipulated effect of habitat on laying date and clutch size. We 

also discussed how habitat loss and fragmentation influence reproductive 

performance.  

In chapter 4 we investigated the relationship between ageing patterns as a 

parameters of individual quality on reproductive performance. We used 12 years 

of longitudinal breeding data on an individually marked blue tit population. We 

aimed to investigate whether female specific traits of reproductive performance 

(e.g. laying date and clutch size) are affected by individual ageing patterns and 

also the age and reproductive lifespan of the male partner, because little is known 

how age-specific reproductive performance is related to the age and reproductive 

lifespan of the partner.  

In chapter 5 we investigated the effects of environmental quality (i.e. ambient 

temperature and habitat quality) and age of an individual on incubation behaviour 

and incubation feeding, in blue tits during the breeding season in 2014. Incubation 

behaviour and incubation feeding are aspects of avian life history and include 

energetic costs that can vary depending on environmental characteristics and 

individual abilities or behaviours. We explained how incubation patterns vary in 

individuals and also in different environmental conditions.  

In chapter 5, we uncovered some patterns of habitat and age specific 

incubation feeding in males, so in chapter 6 we investigated the effect of male 

incubation feeding on female nest attentiveness and reproductive performance in 

blue tits. To date, there is little evidence for an effect of male incubation feeding 

on female nest attentiveness and reproductive outcomes in blue tits. We 

investigated how environmental factors (i.e. ambient temperature) and life-history 

traits (i.e. the date of incubation onset and clutch size) relate to male incubation 

feeding, and whether male incubation feeding leads to higher female nest 

attentiveness. Finally, we investigated whether female nest attentiveness can have 

an influence on parameters of reproductive performance such as duration of the 

incubation period, hatching success and nestling body mass.  

In chapter 7 I provided a synthesis in which the most important results of the 

thesis are summarized and placed in a broader context of other research findings to 

explain how environmental and individual characteristics influence reproductive 
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performance in bird populations. I also suggested some potentials and limitations 

for more studies on the population system in the future.    

 

 

 

 
 

Figure 1 Study area ‘’De Vosbergen’’ (Korsten, 2006). 
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