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THESIS STRUCTURE 

This thesis is structured in eight main sections. First section constitutes a general 

INTRODUCTION, where the conceptual framework, aims and objectives of this work 

are established. The second details the general METHODS that have been used during 

the research which includes study species, study sites and general fieldwork 

procedures. The methodology is supplemented by the specific procedures used to 

develop each objective and has been included in its relevant section. The following 

four sections include chapters in standard scientific article format. Last sections 

include GENERAL DISCUSSION and CONCLUSIONS which complete the present PhD 

thesis. 
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ABSTRACT  

 

Identifying general patterns of habitat selection, behavioural adaptations and life-

history traits are central issues in evolutionary ecology. Many organisms have been 

studied to address these issues, but one of the groups with greater influence on 

current perspectives is birds. This thesis overall aim is to increase knowledge from an 

evolutionary perspective of the differences associated to habitat characteristics of life-

history strategies and behavioural syndromes in cavity-nesting birds such as the Blue 

tit (Cyanistes caeruleus) and the Great tit (Parus major). By means of descriptive 

studies and field and captivity experiments this PhD thesis aim to explain the 

mechanisms underlying nest-site selection, diet composition, personality types and 

individual foraging strategies in contrasting habitat types. 

The use of nestboxes to study bird breeding biology, as well their use as a 

management tool, is widespread. Different nestbox placements could be differentially 

chosen by birds; however the influence of determinant factors (e.g. nestbox density) in 

occupation rates or breeding parameters has not been sufficiently covered. We used 

the Blue tit as a model species to investigate the influence of nestbox position and 

breeding pair density on occupation rate and breeding success, controlling for habitat 

structure. Blue tits preferentially selected nestboxes located high on the tree and with 

fewest neighbours. Laying date was earlier in higher nestboxes and in those with fewer 

neighbours and at a greater distance from the nearest neighbour. Also, fledgling 

number was positively related to shrub cover and medium tree height, fledging mass 

was higher when distance to the nearest neighbor was greater and fledging tarsus was 

positively related to oak-species abundance. Our results suggest that disentangling the 

important factors for nestbox placement and distribution is important to adapt to 

species-specific requirements in each given habitat. 

Nestlings diet composition and feeding rates seem to depend on parental 

effort, habitat type and their interactions. We compare the nestling diet of Blue tits in 

two Mediterranean forests (pinewood and oakwood) and its implications in breeding 

success through recordings within nestboxes when chicks were 11-days-old. We found 
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that although caterpillars (Order Lepidoptera) constituted the largest proportion of 

nestling diet in both habitats, chicks in pinewood were fed more noctuid and tortricid 

larvae, showing a more homogeneous diet composition than those in oakwood. In 

contrast, spiders were more frequently fed to oakwood chicks. We demonstrated that 

these diet differences affect the number of chicks fledged and their body condition.  

Habitat-specific selection pressures have been widely recognized but whether 

selection favours different personality types in different habitats has rarely been 

evaluated. We aimed to test whether personality-related differences in annual 

reproductive success differed between two populations of Blue tits occupying different 

Mediterranean habitats (oakwood and pinewood). We measured exploration and 

parental provisioning behaviours, and used a path analytical approach to ask how the 

interplay between these two behavioural traits affected reproductive success in each 

of these two habitats. We found that blue tits breeding in the pinewood were slow-

exploring compared to blue tits breeding in the oakwood, suggesting the occurrence of 

personality-related differences in settlement, or phenotypic plasticity in response to 

habitat differences. Faster explorers were favoured in the pinewood, while there was 

no selection acting on exploration behaviour in the oak habitat. Our findings 

emphasize the importance of integrating habitat selection, plasticity, and personality 

in the study of behavioural evolution. 

The tendency to innovate  and the reactive-proactive personality axis have 

been linked to foraging behaviour but their role in driving intake rate and food 

selectivity remains unclear. We conducted standardized assays on wild-captured Great 

tits from different habitats to characterize individual variation in exploratory and 

innovative problem-solving performance, both of which are repeatable and have been 

linked to foraging behaviour. During trials, birds of known exploration behaviour were 

provided with three different types of food (sunflower seeds, peanuts and mealworms) 

in order to detect any diet preference, and daily energy intake was measured. There 

was no link between exploration behaviour and the amount of calories ingested; 

however, bolder great tits consumed a higher proportion of sunflower seeds, while 

slower individuals preferred peanuts. Problem solving performance showed a 

significant positive correlation with energy intake for those birds that solve twice. 
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Related to habitat type, birds from the coniferous patches ate more peanuts thought 

mealworms eaten were marginally higher in those from the deciduous plots. Our 

results evidence the relationship between exploration behaviour and foraging 

performance in captivity and contribute to the idea that birds may follow alternative 

foraging strategies, but obtaining the same energy intake. 
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RESUMEN 

 

Identificar patrones generales de selección de hábitat, adaptaciones 

comportamentales y rasgos de estrategias vitales son temas centrales de la ecología 

evolutiva. Muchos organismos han sido estudiados para tratar estos temas, pero uno 

de los grupos de mayor interés en las perspectivas actuales son las aves. El objetivo 

principal de esta tesis es aumentar el conocimiento, desde una perspectiva evolutiva, 

de las diferencias asociadas a las características del hábitat de las estrategias vitales y 

el comportamiento de aves que anidan en cavidades, como el herrerillo común 

(Cyanistes caeruleus) o el carbonero común (Parus major). Mediante estudios 

descriptivos y experimentos de campo y en cautividad,  esta tesis doctoral pretende 

explicar los mecanismos subyacentes en la selección de lugar de nidificación, 

composición de la dieta, tipos de personalidad y estrategias de forrajeo individuales en 

diferentes tipos de hábitat.  

El uso de cajas nido para el estudio de la biología de la reproducción en aves, 

así como su uso como herramienta de gestión, es generalizado. La colocación de las 

cajas nido en distintas ubicaciones puede generar que sean seleccionadas 

diferencialmente por las aves; sin embargo, la influencia determinados factores (p. ej., 

densidad de cajas nido) en las tasas de ocupación o los parámetros de cría no ha sido 

suficientemente estudiada. Se utilizó el herrerillo común como especie modelo para 

investigar la influencia de la posición de la caja nido y la densidad de parejas en su tasa 

de ocupación y éxito de cría, controlando por la estructura del hábitat. Los herrerillos 

seleccionaron preferentemente cajas nido ubicadas a mayor altitud en el árbol y con 

menor número de vecinos. La fecha de puesta fue más temprana en las cajas altas, con 

menos vecinos y situadas a una distancia mayor de la pareja vecina más cercana. 

También, el número de volantones, su peso y su tarso estuvieron relacionados con la 

cobertura arbustiva y la altura de los árboles, la distancia al vecino más cercano y la 

abundancia de robles respectivamente. Estos resultados sugieren que investigar los 

factores influyentes en la colocación cajas nido y su distribución es importante para 

adaptarse a los requerimientos específicos en cada hábitat.  
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La composición de la dieta de los polluelos y sus tasas de alimentación parecen 

depender del esfuerzo parental, el tipo de hábitat y de sus interacciones. Comparamos 

la dieta de volantones de herrerillo común en dos bosques mediterráneos (pinar y 

robledal) y sus implicaciones en el éxito reproductor a través de grabaciones dentro de 

cajas nido cuando los polluelos tenían 11 días de edad. Se encontró que aunque las 

orugas (orden Lepidoptera) constituyeron la mayor proporción de la dieta de los 

polluelos en ambos hábitats, aquellos pertenecientes al pinar fueron alimentados con 

más larvas de noctuido y tortrícido, mostrando una composición de la dieta más 

homogénea que los del robledal. Por el contrario, los polluelos del robledal fueron 

alimentados con arañas con mayor frecuencia. Además se mostró que las diferencias 

en la dieta afectan al número de polluelos volantones y su condición corporal.  

Las presiones selectivas específicas de cada hábitat han sido ampliamente 

estudiadas, pero raramente se ha evaluado si la selección favorece determinados tipos 

de personalidad en diferentes hábitats. El objetivo fue comprobar si las diferencias en 

éxito reproductivo anual relacionadas con la personalidad difirieron entre dos 

poblaciones de herrerillo común en dos hábitats mediterráneos (pinar y robledal). Se 

midieron los comportamientos de exploración y de aprovisionamiento parental, y se 

utilizó el análisis de pautas (path analysis) para explorar cómo la interacción entre 

estos dos rasgos de comportamiento afecta al éxito reproductivo en cada uno de los 

dos hábitats. Se encontró que los herrerillos que crían en el pinar son exploradores 

más lentos comparados con los herrerillos del robledal, sugiriendo la aparición de 

diferencias de personalidad en función del lugar de cría, o plasticidad fenotípica en 

respuesta a las diferencias de hábitat. Los exploradores más rápidos se vieron 

favorecidos en el pinar, mientras que no hubo ninguna fuerza de selección actuando 

sobre el comportamiento de exploración en el robledal. Estos resultados acentúan la 

importancia de integrar la selección de hábitat, la plasticidad y la personalidad en el 

estudio de la evolución comportamental.  

El comportamiento de innovación y la personalidad han sido relacionados con 

el comportamiento de forrajeo, pero su papel en la tasa de consumo y la selección de 

dieta aún no se ha determinado. Se caracterizó la variación individual en el 

comportamiento exploratorio y de resolución de problemas en carboneros comunes 
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en cautividad procedentes de diferentes hábitats. Se les proporcionó tres tipos de 

alimento (semillas de girasol, cacahuetes y gusanos de la harina) con el fin de detectar 

preferencias en la dieta y se midió su ingesta de energía diaria. Los carboneros más 

exploradores consumieron una mayor proporción de semillas de girasol, mientras que 

los menos exploradores prefirieron los cacahuetes. El comportamiento de resolución 

de problemas estuvo correlacionado con un mayor consumo de energía. Los 

carboneros procedentes de parches de coníferas consumieron más cacahuetes, 

mientras que los procedentes de parches caducifolios consumieron cantidades de 

gusanos de la harina ligeramente mayores. Estos resultados evidencian la relación 

entre el comportamiento de exploración y de forrajeo en cautividad, y contribuyen a la 

idea de que las aves pueden seguir estrategias alternativas de forrajeo obteniendo el 

mismo aporte calórico. 
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Cover picture Introduction.   Pyrenean oak (Quercus pyrenaica) forest in Quintos de Mora (Author: Juan 

José Sanz). 
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A major challenge in evolutionary ecology is to understand why and how populations 

respond to environmental heterogeneity (Blondel 2007). This is a prerequisite for 

explaining adaptation and predicting the evolutionary responses of organisms to 

several components of global change. Most populations exhibit some kind of 

phenotypic variation as a response to habitat heterogeneity which is universal 

whatever the spatial scale and the parameters considered (Bell et al. 1993). Traditional 

sources of environmental variation relate to factors associated with habitat quality and 

are formed from interactions between the availability of food and the distribution of 

parasites or competitors, while other sources of variation relate to the optimum 

conditions required by the focal species and its food supply, and include factors such 

as temperature and exposure (Wilkin et al. 2007). 

Forest habitat quality is influenced by a combination of vegetation structure 

and floristic composition, micro-climatic conditions, plot area, and the nature of the 

surrounding landscape (Santos & Tellería 1995; Bellamy et al. 2003). European forests 

are a good example of mosaic landscapes, characterised by a large variety of habitats 

due to small-scale heterogeneity in such factors as altitude, geological substrate, 

isolation, and especially variation in dominant tree species (deciduous broad-leaved, 

evergreen broad-leaved, coniferous; see Blondel et al. 1993).  In addition, due to 

intensive forestry management, the cover of mature deciduous forest has been greatly 

reduced both in temperate and boreal Europe (Riddington & Gosler 1995; Esseen et al. 

1997). This habitat loss has become a major threat for many species in the last few 

decades (Owens & Bennett 2000; Sih et al. 2000; Heinrichs et al. 2016; Torres et al. 

2016), and is also forcing animal populations to occupy alternative habitats instead of 

traditional ones (e.g. Newton 1998; Dias et al. 2014; Gossner et al. 2014; Harrison et al. 

2016 for bird populations). The cost of settling in suboptimal habitats is dependent on 

an organism’s ontogenetic plasticity and evolutionary capacity to cope with rapidly 

changing environments (Lambrechts et al. 2004). 

Fitness is strongly affected by local habitat quality through environmental 

characteristics (Cody 1981; Martin 1993), which thus generate strong selective 

pressures for optimal breeding habitat selection strategies (Martin 1993; Doligez et al. 

2003). Therefore, individuals may need to gather information on potential breeding 



Introduction 

 

20 

 

patches by assessing environmental quality in order to select a breeding habitat 

(Badyaev et al. 1996). Life history theory is based on the idea that reproductive costs 

generate trade-offs and that organisms take breeding decisions that maximize their 

fitness (Lessells 1991; Roff 1992). Plasticity in life history traits is ubiquitous in animal 

populations. It is usually measured using a “reaction norm” approach that describes 

patterns of phenotypic expression of genotypes across a range of environments, i.e. 

how individuals respond to varying environments (Nussey et al. 2007). 

Traditional behavioural ecological theory assumes that individuals are highly 

plastic and an individuals' behaviour should match the requirements of its 

environment and be reversible (Sih et al. 2004). The behavioural adaptive response of 

organisms to spatial heterogeneity may be either ontogenetic phenotypic plasticity, 

the potential for a given genotype to be expressed differently in different 

environments (Pigliucci 2001), or local adaptation, the evolution of traits in a local 

population that provide an advantage under its local environmental conditions 

(Kawecki & Ebert 2004). Several factors, including the scale, amplitude and variation of 

environmental heterogeneity, determine which of these two mechanisms is selected 

for (Blondel 2007). Therefore, identifying general patterns of habitat selection, 

behavioural adaptations and life-history traits are central issues in evolutionary 

ecology. Many organisms have been studied to address these issues, but one of the 

groups with greater influence on current perspectives is birds.  

 

HABITAT INFLUENCE IN BREEDING PERFORMANCE 

Nest-site selection  

Most bird species have specific habitat requirements for breeding (Cody 1981), but 

they are also able to use a wide range of habitats within a heterogeneous landscape 

(e.g. Jones 2001; Mörtberg 2001). Reproductive success depends on many interacting 

factors and consequently most nest-building birds are thought to expend time and 

energy choosing their nest site (Goodenough et al. 2009) by following possible cues 

such as their own current success, the presence of parasites or predators, or 

vegetation type (see Doligez et al. 2003 and references therein).   
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Several studies have already reported differences among habitat types in 

cavity-nesting species, such as the Pied flycatcher (Ficedula hypoleuca; Siikamäki 

1995), the Great tit (Parus major; Sanz 1998; Sanz et al. 2010), or the Blue tit (Cyanistes 

caeruleus; Blondel 2007; Arriero et al. 2010), due to habitat traits around the nesting 

sites can be responsible for local variation in breeding parameters. Thereby, for 

example laying date, clutch size or incubation effort, have been shown to be correlated 

with variation in temperature (e.g. Perrins 1965; Balen 1973; Dhondt et al. 1984; 

Cresswell et al. 2004; Ardia et al. 2009), to topographical variation and woodland edge 

proximity (Wilkin et al. 2007), or to the succession stage of the vegetation (Arriero et 

al. 2010).  

In addition, many non-habitat related phenomena influence nest-site selection. 

Usually birds select sites with reduced predation risk (Nilsson 1984; Parejo & Avilés 

2011) and competition (Newton 1994; Sorace & Carere 1996; Robles & Martin 2013), 

which allows for high levels of brood survival (Wesolowski 2002; Lõhmus & Remm 

2005). It has been shown that breeding parameters, such as clutch size (Kluijver 1951; 

Lack 1958; Perrins 1965), fledgling mass (Both 1998; Garant et al. 2004) and offspring 

recruitment (Both & Visser 2001) are negatively affected by population density in 

many cavity-nesting birds. Also, perceived predation risk has a strong influence on the 

ecology and behaviour of prey species, which are therefore likely to show adaptive 

strategies such as appropriate habitat choice (Orians & Wittenberger 1991), and it may 

affect its fitness by reducing clutch size (Perrins 1977; Slagsvold 1984; Lundberg 1985) 

or the nest attendance required (Slagsvold 1984). There needs to be explicit 

recognition of how habitat-related and non-habitat related parameters affect both the 

choices made by individuals and the fitness consequences of those choices (Jones 

2001).  

 

Nestling diet and parental provisioning effort 

Habitat type and nest-site characteristics determine also food resources available for 

breeding birds (Blondel et al. 1991; Mägi 2007). Food availability in right time to feed 

nestlings is considered as a major factor influencing the evolution of life-history in 

birds (e.g. Lack 1950; Perrins 1991). The seasonality of different habitat types 
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determines the peak availability of certain food types and potentially affects breeding 

performance (Burger et al. 2012). Because many bird species raise offspring during a 

very short period of the year (Dias & Blondel 1996; Lambrechts et al. 1997; Blondel et 

al. 1999), there is selective pressure to synchronize breeding with preferred food peaks 

(i.e. at maximal availability).  For example, previous studies have demonstrated that 

several tit species (Parus spp.) use a series of environmental cues before or around the 

egg laying stage to anticipate a period of maximum caterpillar availability (Lambrechts 

& Perret 2000; Cole et al. 2015; Hinks et al. 2015), as this food type is only available 

during a brief period. Thus, caterpillar phenology seems to determine the optimal time 

window for Tits reproduction, and the extent of synchrony with their main prey is 

crucial, as nestling development outside this period has severe fitness consequences 

(Noordwijk et al. 1995; Samplonius et al. 2016). Therefore, it is important to determine 

how bird species adapted to a specific habitat cope with available food resources (e.g. 

Barba et al. 2004), such that preferred food types and food abundance is determined 

by floristic composition (Blondel et al. 1991; Lundberg & Alatalo 1992).  

 

BEHAVIOURAL SYNDROMES AND HABITAT-RELATED DECISIONS 

Habitat-specific differences in selection on personality 

Behavioural differences between individuals that are consistent over time and across 

situations are commonly referred to as animal personality (Gosling 2001; Sih et al. 

2004; Réale et al. 2007). Personality was firstly studied in considerable detail in a few 

primates, domesticated animals and laboratory rodents (Sih et al. 2004); however, 

much research has been done in a broad range of ‘non-model organisms’ (Gosling 

2001). One of the most intensively studied species for animal personality research is 

the Great tit. Theory in this area predicts that different personality types may be 

favoured under different environmental conditions or contexts (Dall et al. 2004; Sih et 

al. 2004; Réale et al. 2010; Wolf & Weissing 2010). Personality differences are also 

thought to mediate trade-offs between life-history traits (Wolf et al. 2007; Réale et al. 

2010; Nicolaus et al. 2016), and affect overall fitness (Sih et al. 2004; Sih & Bell 2008).  

The reactive-proactive personality axis is common in many vertebrate groups 

and has been linked to life-history trade-offs because, at one end of the continuum, 
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reactive or responsive individuals tend to be slow but thorough-exploring, cautious 

and shy, compared with those at the other end of the continuum, where proactive 

routine-forming individuals tend to be fast but superficial-exploring, bold and 

predation-risk prone (Wolf et al. 2007). The pace-of-life syndrome (POLS) hypothesis 

for animal personality proposes that variation among individuals in life-history 

strategies is associated with long term maintenance of consistent differences in 

behaviour, implying that bold individuals have a greater annual reproductive success 

but shorter life span compared to shy individuals but may overall have a similar fitness 

(Réale et al. 2010). Furthermore, the ability to acquire high-quality territories has also 

been associated with exploration behaviour (Dingemanse & Goede 2004; Both et al. 

2005), and females in such territories typically lay earlier in the season, and produce 

larger clutches compared to those breeding on low-quality territories (Lambrechts et 

al. 2004). Differential settlement may therefore constitute a mechanism by which 

differences in pace-of-life are mediated, which implies that individuals might settle in 

habitats that best match their phenotype (habitat matching hypothesis; Edelaar et al. 

2008). 

Behavioural patterns of food intake 

Finding food and ingesting nutrients are the most fundamental activities in the natural 

world, and thus natural selection favours individual organisms that do so optimally 

(Pyke 1984; Stephens & Krebs 1986). Nevertheless individuals vary in how they acquire 

nutrients, potentially leading to effects on foraging efficiency and fitness (Partridge 

1976; Burskirk et al. 1989; Bolnick et al. 2003). Thus, the reactive-proactive personality 

axis has also been linked to foraging. Individual differences in foraging may arise 

because of correlations with other personality traits, that constrain foraging plasticity 

and can lead to alternative strategies (DeWitt et al. 1998; Gosling 2001; Bolnick et al. 

2003; Dall et al. 2004; Sih et al. 2004). In this context, local adaptation may give birds 

preferences for handling food of different kinds depending on what they primarily feed 

on in their habitat (e.g. Balen 1973). Also, there is wide evidence that the proactive-

reactive axis is associated with metabolic rate (Careau et al. 2008; Bouwhuis et al. 
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2014) and energy intake rate (Davies 1977; Wansink & Tinbergen 1994; Wilson et al. 

2015), which are closely related to foraging behaviour performance.  

In parallel to research on personality, the implications of individual cognitive 

variation for adaptive behaviour is also attracting increasing attention (see Morand-

Ferron et al. 2016 and references therein). For example innovativeness - where 

individuals feed on novel food types or adopt new foraging techniques - is considered 

to be an important component of animal cognition (Roth & Dicke 2005; Lefebvre 2011; 

Reader et al. 2011;) but is also influenced by personality (Morand-Ferron et al. 2011). 

Innovative problem-solving performance influences foraging (Oers et al. 2004; Quinn 

et al. 2009, 2016; Cole & Quinn 2012), and it is not only thought to allow individuals 

increase their food intake or enhance their feeding efficiency (Reader & Laland 2003; 

Morand-Ferron & Quinn 2011); it has been viewed as an alternative foraging strategy 

that helps some individuals avoid costs associated with intense competition (Bolnick et 

al. 2003). Nevertheless, little is known about the influence of personality on foraging 

strategies related to food intake and diet choice, and the extent to which 

innovativeness may improve foraging success or whether it simply represents an 

alternative strategy. 
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AIMS AND OBJECTIVES 

This thesis overall aim is to increase knowledge from an evolutionary perspective of 

the differences associated to habitat characteristics of life-history strategies and 

behavioural syndromes in cavity-nesting birds such as the Blue tit and the Great tit. 

This PhD thesis involves descriptive studies and field and captivity experiments which 

aim to explain the mechanisms underlying nest-site selection, diet composition, 

personality types and individual foraging strategies in contrasting habitat types. 

The specific objectives of the present thesis are listed below: 

 

Objective I. Identify the most determinant factors in nest-site selection and analyse 

their influence on the breeding performance of a Blue tit population settled in a sub-

optimal habitat. 

 

Objective II. Determine how habitat type leads to differences in Blue tit nestling diet 

composition, differential parental effort and its influence in fitness. 

 

Objective III. Investigate Blue tit personality performance in two different habitats, as 

this would help to explain the maintenance of individual variation in behaviour. 

 

Objective IV. Test whether variation among individuals foraging behaviour is 

associated to consistent differences in behavioural syndromes, i.e. personality and 

problem solving performance, and also in what manner habitat type determines 

foraging strategies in Great tits. 

 

These objectives have been addressed through four chapters. First, (chapter I) 

we have evaluated the influence of breeding site selection on breeding success in a 

Blue tit population in a Mediterranean pine plantation. We have settled nestboxes in 

different locations and quantified the surrounding habitat parameters and population 

density to identify the most influencing factors for nest-site selection and breeding 

success; also we have reported the main characteristics that are needed to take into 

account when providing nestboxes to wild bird populations. In the next chapter 
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(chapter 2), we have described Blue tit nestlings diet composition and its variation 

between two Mediterranean forests, a native oak forest and a pine plantation. By 

means of video recordings we aim to determine the effects of parental feeding 

behaviour and diet selection on the breeding performance in a “preferred” (oakwood) 

versus “alternative” (pinewood) breeding site. In the third chapter (chapter 3) we have 

measured two key behavioural traits, parental provisioning and exploratory behaviour, 

and have investigated how those traits mediated short-term fitness (annual 

reproductive success) in the same breeding Blue tit populations than in chapter 2. 

Finally, in the last chapter (chapter 4) we have performed exploration behaviour and 

problem-solving tests to wild-caught Great tits from two different habitat types 

(deciduous and coniferous) in southern Ireland to test their association with foraging 

performance and to disentangle whether local adaptation influences behavioural 

syndromes on individual’s food selection. 
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Cover picture Methods.   Tarsus length measurement with a digital calliper (Author: Roger Colominas).
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STUDY SPECIES 

Blue tit 

The Eurasian Blue tit (Linneo 1758) is a small (7–11 g) non-migratory insectivorous 

passerine, from the family Paridae, common throughout the western Palearctic. It 

usually prefers deciduous forests, but can also be found in evergreen and mixed forest 

habitats (Cramp & Perrins 1993). During the breeding season, pairs of Blue tits defend 

territories and breed in small natural cavities (e.g. in trees), but also accepts nestboxes 

to build the nest, which consist of a basic moss layer lined with feathers and plant 

material (aromatic plants, moss and grass). Laying date of the first egg typically is 

around the second half of April, and the clutch size range from 4 to 14 eggs (Gibb 

1950; Nur 1984). Females incubate the eggs around 13 days, and both parents take 

care of the nestlings. Blue tit nestlings are mostly fed caterpillars found on young oak 

tree leaves (Quercus spp., Bańbura et al. 1994, 1999), and they leave the nest 17–20 

days elapsed after the date of hatching. During the winter months, Blue tits join mixed 

foraging flocks near to their original breeding or natal territory. 

Mediterranean populations of Blue tit are at the southern end of the 

distribution range of the species (Cramp & Perrins 1993). In this region, its optimal 

habitat, the deciduous forests, are  highly fragmented due to natural and anthropic 

factors and appear relegated to small patches located in shady spots or elevated areas. 

 

Great tit 

The Great tit (Linneo 1758), is also an insectivorous songbird from the family Paridae, 

but bigger than the Blue tit (body mass 18–20 g). It occurs in forest areas in much of 

Eurasia, and occupies a wide range of habitats, from open deciduous woodlands, 

mixed forests, forest edges and man-made habitats.  

Similarly to the Blue tit, breeds in secondary nest holes and readily accepts artificial 

nest holes (i.e. nextboxes) for breeding (Kluijver 1950; Perrins 1965; Drent 1983). 

During the breeding season Great tits are territorial, whilst form inter-specific flocks 

during winter. Usually this species lay between 5–12 eggs which are incubated by the 

female for 13–14 days. Nestlings are fed by both parents until they are independent at 

2–4 weeks (Perrins 1965; Harrison & Castell 1998). It is well known that caterpillars are 
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the preferred food for many woodland passerines including Great tits, which feed off-

spring a diet consisting of up to 95% caterpillars (Gosler 1993). Great tits are usually 

resident and non-migratory. 

 

STUDY AREAS 

Mediterranean: Quintos de Mora  

Quintos de Mora, central Spain (39° 25’ N, 4° 04’ W, Los Yébenes, Toledo), is a national 

game reserve (6,864 ha) managed by the Organismo Autónomo Parques Nacionales 

(OAPN). This area exhibits considerable habitat heterogeneity and is partitioned into 

two main landscape units including a huge flood-plain (”raña”) with scattered trees 

and 750 m above sea level, and two surrounding mountain ranges (“El Pocito” 

mountain chain to the south and “Las Guadalerzas” mountain chain to the north) with 

a maximum elevation of 1,240 m a.s.l. In the mountain areas, Pyrenean oak (Quercus 

pyrenaica), Zeen oak (Quercus faginea), Strawberry tree (Arbutus unedo) and 

Mediterranean shrubs such as Heath (Erica spp.), Common hawthorn (Crataegus 

monogyna), Blackberry (Rubus sp.) or Rockrose (Cistus ladanifer) dominate, but in 

humid environments Ash maple (Acer monspessulanum) is also common. The plain is 

covered by scattered Holm (Quercus rotundifolia) and Zeen oaks with understory 

pasture, and some Maritime pine (Pinus pinaster) and Stone pine (Pinus pinea) 

plantations from the 1940s are distributed at the foothills. These pine patches 

penetrate the areas of the mountain range where they are mixed with the original 

vegetation forming a habitat mosaic. The area is located at the Mesomediterranean 

bioclimatic zone, with a continental Mediterranean climate and presents irregular 

temperature and rainfall regimes (584 mm mean annual rainfall). This reserve has a 

high density of big-game hunting species such as wild boar (Sus scrofa) and Red deer 

(Cervus elaphus). For more details about this natural reserve see Tornero 2003 and San 

Miguel et al. 2011. 

Three of the studies presented in this thesis were conducted in this reserve 

during the springs of 2012, 2013 and 2014. The study sites were Pyrenean oak 

(Quercus pyrenaica) dominated forests and a hillside dominated by Maritime pine 

(Pinus pinaster; Table 1, Figure 1), where 260 nestboxes were erected mounted on tree 
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trunks at heights of 1.5–2.0 m or hanging from a branch (internal dimensions: 12 x 11.5 

x 16.5 cm) and were protected from predators (Great spotted woodpecker 

Dendrocopos major, Small-spotted genet Genetta genetta and Stone marten Martes 

foina) with wire mesh and PVC pipes fixed to the hole-entrance. Nestboxes were 

mainly occupied by Great tits, Blue tits, Nuthatches (Sitta europea), Eurasian wrens 

(Troglodytes troglodytes), and Rock sparrows (Petronia petronia).  

 

Table 1. Attributes of the six nestbox plots monitored in Quintos de Mora study area. The following 

information is given: location of the populations, geographical coordinates, number of nestboxes per 

plot, elevation and habitat type [Qp: Pyrenean oak forest (oakwood); Pp: Maritime pine plantation 

(pinewood)]. 

Figure 1. Location of the populations established in Quintos de Mora (Toledo, Central Spain). The inset 

shows the location of the study area in Spain. Green dots indicate oakwood plots and red dot indicates 

pinewood plot. 

Population Latitude Longitude n Elevation(m) Woodland type 

Gil-García 39.379 – 4.124 100 826 Qp 

Torneros 39.412 – 4.055 5 820 Qp 

Barranco de la Peña 39.378 – 4.111 5 870 Qp 

Las Corzas 39.359 – 4.091 5 930 Qp 

Gavilanejos 39.360 – 4.098 5 920 Qp 

Fuente del Común 39.363 – 4.080 40 919 Qp 

Camino del Azafranal 39.385 – 4.107 100 768 Pp 
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Atlantic: County Cork (Ireland) 

Ireland lies within the European Atlantic Central climate zone, typified in general by 

relatively small annual temperature ranges, mild winters, cool summers and high 

rainfall throughout the year. Mean winter temperatures in the southern third of 

Ireland are relatively high (5–7 °C), and mean summer temperatures quite low (15–16 

°C). This narrow annual temperature range gives Ireland a very low continentality 

index. In terms of annual precipitation, Co. Cork ranges 1000–1600 mm. Woodland 

habitats have been very extensively converted to grassland in Ireland, through 

anthropogenic pressures, since the Neolithic (Hall 2011). Certain types of woodlands, 

including Beech (Fagus sylvatica) and Small-leaved lime (Tilia cordata) woodlands do 

not occur naturally in Ireland, as these two tree species are not Irish natives, whilst 

other types such as Scots pine forest (Pinus maritimus) are native post-glacially to 

Ireland.  

Study populations were established in December 2012 in eight woodland 

patches located in the Bandon Valley, Western County Cork (Table 2, Figure 2). A total 

of 315 nestboxes were placed on trees approximately 1.5 metres above the ground. 

Sites were categorised based on the tree species present. Deciduous sites contained 

only deciduous tree species including Pecundulate oak (Quercus robur), European 

beech (Fagus sylvatica), Ash (Fraxinus excelsior), Alder (Alnus glutinosa), Birch (Betula 

spp.), Sycamore (Acer pseudoplatanus) and Spanish chestnut (Castanea sativa). Conifer 

sites contained predominantly mature and young conifer trees, including Sitka spruce 

(Picea sitchensis), Lodgepole pine (Pinus contorta), Norway spruce (Picea abies), Scots 

Pine (Pinus sylvestris) and Douglas fir (Pseudotsuga menziesii). Shrub species present in 

all the populations were mainly Willow (Salix caprea), Hazel (Corylus avellana) and 

Holly (Ilex aquifolium). All areas displayed considerable heterogeneity at the site level 

regarding the tree species present and the age of stands. All sites were separated by a 

distance of at least 2 km. Coillte, a state-sponsored company owns and operates seven 

of our study sites, while the site “Castle Bernard” is private owned by the Castle 

Bernard estate, in the city of Bandon.  
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Table 2. Attributes of the eight nestbox plots monitored in Co. Cork study area. The following 

information is given: location of the populations, geographical coordinates, number of nestboxes per 

plot, elevation and habitat type. 

 

Population Latitude Longitude n Elevation (m) Woodland Type 

Ballincourneenig 51.838 – 8.674 28 149 Conifer 

Ballinphellic 51.841 – 8.632 33 167 Conifer 

Garrettstown 51.656 – 8.616 45 91 Conifer 

Dukes Wood 51.788 – 8.762 49 72 Deciduous 

Castle Bernard 51.742 – 8.768 63 40 Deciduous 

Glanduff 51.671 – 8.677 32 58 Deciduous 

Shippool 51.739 – 8.629 26 36 Deciduous 

Dunderrow 51.720 – 8.599 29 21 Deciduous 

 

 

 

 

Figure 2. Location of the populations established in Western Co. Cork, Ireland. The inset shows the 

location of the study area in Ireland. Green dots indicate deciduous plots and red dots indicate 

coniferous plots. 
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GENERAL FIELDWORK PROCEDURES 

Basic protocol for the breeding season 

Nestboxes were checked regularly from late March to late June to ascertain the 

following breeding parameters: (1) laying date, considered as the date when the first 

egg was laid (1 = 1st of April), (2) clutch size, as the number of eggs in the nest at the 

start of incubation, (3) hatching date, as the date when the first egg hatched, (4) brood 

size, as the number of chicks that survived to thirteen days old, and (5) number of 

fledglings, as the number of chicks fledged per nest. Adult birds, caught with spring 

traps when feeding chicks (at eight days old), were sexed according to the presence or 

absence of cloacal protuberance or brood patch and tagged with metal rings to more 

easily distinguish individuals: females were banded on the right tarsus and males on 

the left one. Birds were weighed with an electronic balance (±0.1 g), wing length was 

measured with a rule (± 0.5 mm), and tarsus length was measured with a digital 

calliper (± 0.01 mm). Nestlings were ringed, weighed and measured similarly thirteen 

days post-hatching. From day twenty onwards, boxes were checked every day to 

determine the fledgling number and date. Finally, nestboxes were cleaned of nesting 

material every year after the breeding season. 

 

Monitoring Feeding Behaviour 

The provisioning behaviour of parents was monitored to explore their feeding patterns 

(provisioning frequency, prey size, and prey type). One day prior to video recording, 

the original nestbox was replaced with one of equal dimensions (17.5 × 11.5 × 13.0 cm) 

fitted with a wooden back chamber (invisible to birds). The following day (when 

nestlings were 11 days old), an infrared video camera (SONY handy-cam HDR–XR550VE 

or DCR–SR290E, SONY Corp., Tokyo, Japan) was mounted to the chamber. The cameras 

were focused on the nestbox entrance to record adult feeding behaviour and identify 

prey items. All videotaping sessions took place between 8:00 and 14:00 h. Nests were 

recorded for at least 150 minutes between 08:00 and 13:00 h. The first 60 minutes 

were not analysed to standardize for disturbances caused by camera installation. Sixty 

minutes of filming were analysed per nest. A scale (0–2 cm) was drawn inside the 
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nestbox entrance to classify every prey into size categories. Recordings were visualized 

frame-by-frame using the program ADOBE PREMIERE ELEMENTS 7.0 (Adobe Systems 

Inc., San Jose, CA, USA). For each feeding event the following parameters were noted: 

time of entry, sex of the parent, number of prey (i.e. single or multiple loads), type of 

prey, and prey size. The described procedure was developed only in Quintos de Mora 

study sites. 
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The role of nestbox density and placement on occupation rates and 

breeding performance: a case study with Eurasian Blue tit 
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Cover picture chapter I.   Nestbox in maritime pine forest in Quintos de Mora. 

This chapter reproduces entirely the manuscript:  

Serrano-Davies, E., Barrientos, R., Sanz, J.J. The role of nestbox density and placement on occupation 

rates and breeding performance: a case study with Eurasian Blue tit. Ornis Fennica (second revision).
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ABSTRACT 

 

The use of nestboxes to study bird breeding biology, as well their use as a 

management tool, is widespread. Different nestbox placements could be differentially 

chosen by birds; however, the influence of determinant factors (e.g. nestbox density) 

in occupation rates or breeding parameters has not been sufficiently covered. We used 

the Eurasian Blue tit as a model species to determine factors influencing nestbox 

selection in a transformed habitat: a pine plantation. Our study design consisted on 

100 nestboxes arranged at different heights (positioned “high” at 3.0–5.0 m, or 

positioned “low” at 1.5–2.0 m), and with different degrees of clustering (clustered in 

groups of 6, or isolated by at least 80 m from the nearest nestbox). We calculated the 

potential territorial area for each nestbox and the distance to the nearest neighbour. 

We investigated the influence of nestbox position and breeding pair density on 

occupation rate and breeding success, controlling for habitat structure. Blue tits 

preferentially selected nestboxes located high on the tree and with fewest neighbours. 

Laying date was earlier in higher nestboxes and in those with fewer neighbours and at 

a greater distance from the nearest neighbour. The number of nestlings was positively 

related to shrub cover and medium tree height. Fledging mass was higher when 

distance to the nearest neighbor was greater and fledging tarsus was positively related 

to oak-species abundance. Our results suggest that disentangling the important factors 

for nestbox placement and distribution is important to adapt to species-specific 

requirements in each given habitat. 
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INTRODUCTION  

 

Many hole-nesting passerines in the Western Palearctic, such as the Eurasian Blue and 

Great tits (Cyanistes caeruleus and Parus major), the European Pied and Collared 

flycatchers (Ficedula hypoleuca and Ficedula albicollis) and the Eurasian Nuthatch 

(Sitta europaea), prefer deciduous to evergreen forests  (Cramp & Perrins 1993; 

Newton 1998; Mänd et al. 2005). This preference has been explained by the greater 

abundance of potential nest cavities (Balen et al. 1982; Newton 1998), as well as by 

greater food availability (Balen 1973; Perrins 1991; Riddington & Gosler 1995) in 

deciduous forests.  

In Spain and elsewhere in Europe, forestry policies enacted over the last 

century have created large areas covered by pinewoods (Díaz et al. 1998; Barrientos 

2010). These new habitats have resulted in lower densities of Tits breeding in them 

than in native deciduous woodland habitats (Maícas & Fernández-Haeger 1996), 

because these birds may be forced to select these sub-optimal coniferous forests (Sanz 

et al. 2010). Previous studies found that an increase in potential nest-holes by nestbox 

provisioning increases secondary cavity nesters densities, in native preferred oak 

woodlands (Robles et al. 2011, 2012), and monoculture plantations (Pimentel & 

Nilsson 2007; Mänd et al. 2009; Silva et al. 2012). Thus, nestbox provisioning has been 

suggested as an effective conservation tool for these species in habitats like 

monoculture plantations or young native stands, where natural cavities are scarce 

(Mänd et al. 2009; Robles et al. 2011).  

However, regarding to transformed habitats, little is known about the influence 

of design (nestbox density or placement height) of this popular management tool on 

nestbox use (occupation rate) or breeding performance, as an excess number of next-

boxes are often arbitrarily placed (see Lambrechts et al. 2010 for an extensive review 

and references therein). The size and position (e.g. height, orientation) of the entrance 

hole appears to determine which individual or species will occupy nestboxes (e.g. 

Barba & Gil-Delgado 1990; Dhondt & Adriaensen 1999; Zingg et al. 2010). Usually birds 

select cavities with reduced predation risk or competition (Newton 1994; Sorace & 

Carere 1996; Robles & Martin 2013), which allows for high levels of brood survival 
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(Wesołowski 2002; Lõhmus & Remm 2005). The density of nestboxes is a key (see 

Charmantier & Perret 2004), but often neglected, parameter, as population density 

and, consequently, competition among breeding pairs, have strong effects on the 

population dynamics and reproduction of territorial birds (see Adams 2001 for a 

review, see also Wilkin et al. 2006). It has been shown that breeding parameters in 

many bird species, including Tits, are negatively affected by population density, such as 

clutch size (Kluijver 1951; Lack 1958; Perrins 1965), fledgling mass  (Both 1998; Garant 

et al. 2004) and offspring recruitment (Both & Visser 2001). Finally, in studies on 

nestbox provisioning it is important to control for habitat traits around the nesting 

sites, such as heterogeneity of vegetation structure, tree height or the succession 

stage of the shrub coverage, as these variables can be responsible for local variation in 

breeding parameters such as laying date or clutch size (Nager 1990; Arriero et al. 2006; 

Wilkin et al. 2007).   

 The aim of the present study was to evaluate the importance of nestbox 

height and density on the breeding biology of the Blue tit in a Mediterranean pine 

plantation. We expect that (i) nestbox height will influence its selection, as Blue tits 

prefer higher nestboxes in order to reduce predation (e.g. Nilsson 1984; Newton 1994; 

Sorace & Carere 1996); (ii) Blue tits will avoid overcrowded sites (Wilkin et al. 2006), 

since nestbox density determines territory size and nest-site defense (Zingg et al. 

2010); iii) habitat characteristics around occupied nestboxes will determine breeding 

pair fitness (e.g. Sanz et al. 2010), mediated by food availability. 

 

METHODS   

Study species and area 

The Blue tit is a 7-11 g forest passerine, common in mixed and deciduous 

forests throughout the Western Palearctic (Cramp & Perrins 1993). They also breed in 

evergreen forests such as pine plantations (Maícas & Fernández Haeger 1999). Blue tits 

readily accept nestboxes for breeding when provided. The study was conducted in the 

2012 breeding season in Quintos de Mora (Toledo province, central Spain, 39o  24´ 23´ 

N, 4o 04´ 19´ W), a government-owned game reserve. The pine stand is located on a 
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hillside dominated by maritime pine Pinus pinaster with some dispersed Portuguese 

oak Quercus faginea, and holm oak Q. ilex stems embedded in the pine matrix.  

In the study plot (Figure 1), 100 wooden nestboxes (internal dimensions: 12 x 

11.5 x 16.5 cm) were distributed in different positions and densities. We placed 60 

nestboxes forming 10 groups of 6, (“clustered”, ≤ 10 meters of separation between 

consecutive nestboxes within the group; 160 meters separation between groups), with 

three nestboxes at a height of 3.0–5.0 meters (“high”), and the other three at 1.5–2.0 

meters (“low”). The remaining 40 nestboxes were spaced at 80 meters intervals 

(“isolated”) forming lines along the study site, twenty of them high and the other 

twenty low, following a similar scheme that described above. Nestboxes were 

protected from predators (mustelids, woodpeckers) with wire mesh and a polyvinyl 

chloride (PVC) pipe (length: 70–90 mm, diameter: 40 mm) fixed to the hole-entrance. 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of nestboxes along the Azafranal path in the spring of 2012. Black circles: high + 

aggregated nestboxes. Open circles: low + aggregated nestboxes. Black triangles: high + isolated 

nestboxes. Open triangles: low + isolated nestboxes. 

Field methods 

From early April to late June, we checked nestboxes daily to record first-egg 

date (1 = 1 April), clutch size, hatching date and the number of fledglings. Breeding 

adults were caught using spring traps at the nest while feeding young at 8 days old, 

and sexed according to the presence or absence of a brood patch. All birds were 
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individualized with metal rings, and at capture, we measured tarsus length to the 

nearest 0.01 mm with a digital calliper, and body mass with an electronic portable 

balance to the nearest 0.1 g following the protocol described in Perret (2004). When 

nestlings were 13 days old they were banded and measured similarly to adults. Post-

fledge nests were visited 22 days after hatching to establish the breeding success of 

each pair (i.e. proportion of eggs that resulted in fledged young). 

Density of breeding pairs was 0.98 pairs/ha, lower than in oak dominated 

forests in the same reserve (4.40 pairs/ha, García-Navas & Sanz 2011a), but similar to 

those in other studies in Mediterranean pinewoods (0.40–0.70 pairs/ha, Pimentel & 

Nilsson 2007; 0.77 pairs/ha, Maícas et al. 2011). We did not find any natural cavity in 

this habitat which could act as a nest-hole, then influencing Tits population density, 

probably due to the scarcity of primary cavity-excavators. Moreover, it has been 

previously stated that the use of nestbox data ensures that the number of ‘cavities’ is 

nearly known for species that preferentially use nestboxes over natural cavities 

(Goodenough et al. 2009). However, a small minority of birds may have bred in natural 

cavities. 

 

Territory features  

We visually estimated vegetation composition and cover, always by the same 

researcher (ESD), in a 25 m radius around each nestbox. This radius accounts for the 

area that Tits commonly used for feeding (Smith & Sweatman 1974; Grieco 2002). This 

area is usually referred to as a ‘territory’. Following Sanz et al. (2010), we estimated for 

every territory (a) the total number of trees, (b) tree species (among pines and oaks) 

abundance, (c) the height of dominant trees, (d) shrub cover (%), (e) herbaceous cover 

(%) and (f) the cover of bare ground and rocky surface (%). The orientation of the 

entrance of each nestbox was estimated in the field (in degrees with respect to north) 

and transformed into a categorical variable as follows: 1–90˚ as NE; 91–180˚ as SE; 

181–270˚ as SW; and, 271–360˚ as NW. 
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Territory model 

The position of each nestbox was georeferenced, and Arc Map ver.10 was used to 

generate layers with the nestboxes occupied by Tits. We used the GIS software to 

generate quantitative predictions about the spacing of nestboxes and the potential 

size and shape of territories based on the relative location of nestboxes within the 

perimeter of the woodland. By using a Dirichlet tessellation technique, we formed 

Thiessen polygons (Rhynsburger 1973; Tanemura & Hasegawa 1980; Chiu et al. 2013) 

around each nestbox, and used their sizes as a measure of nestbox spacing (Figure 2a, 

Wilkin et al. 2006).  

 

Figure 2. Definitions of polygons and territories for breeding Blue and Great tit density. An area of 

pinewood in Quintos de Mora showing (a) all nest boxes with their tessellated polygons, the areas of 

which provide an estimate of nestbox spacing, (b) nestboxes occupied by Blue tits in 2012 and their 

tessellated polygons, which provide a simple model for territory size, and (c) nestboxes occupied by Blue 

(solid circles) and Great tits (crossed circles) in the same year with their tessellated interspecific 

polygons. 

We included Great tits in our territorial analyses because this species competes 

with Blue tits for breeding holes and territories (Minot 1981; Minot & Perrins 1986), 

although  these species often share territories as there is some niche separation 

(Dhondt et al. 1984; Dhondt & Adriaensen 1999). We then assessed ‘tessellated 
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territories’ (estimated territory polygons) around nestboxes occupied by Blue tits 

(Figure 2b), and used them as a simple model for territory size (see Wilkin et al. 2006). 

For each tessellated territory, the number of contiguous neighbours was also counted 

as a measure of crowding pressure (Figure 2c). To compensate for excessively large 

tessellated polygons in areas of low nestbox density, we systematically imposed a 

range of ceilings upon the size of territory polygons, at a ceiling level of 1 ha. All 

polygons above this size were replaced with a value of 1 ha while polygons below 1 ha 

in size remained unaffected, following Wilkin et al. (2006). 

 

Data analysis 

In a first step, nest-site habitat characteristics were synthesized in three vegetation 

structure factors by means of a Principal Components Analysis with Varimax rotation 

(PCA, Table 1), in order to minimize multicollinearity among independent variables. 

The first axis (Pc1) contrasted territories with a well-developed herbaceous cover 

(negative loading, Table 1) to those without an herbaceous layer and a greater number 

of pines (positive loading, Table 1). The second axis (Pc2) defined a gradient related to 

the shrub cover and medium tree height, separating territories with an important 

density of shrub and smaller trees (positive) from those having fewer shrubs but taller 

tress (Table 1). The third axis (Pc3) was directly related to the abundance of non-target 

tree species (i.e. oaks), where holm oak decreases when Portuguese oak increases, 

providing a dryness gradient information about the study site (Table 1). We then 

included these three factors as predictors in our models.  

To assess whether the nestbox occupation and variation in breeding 

parameters of Blue tit could be attributed to the potential explanatory variables, 

multiple linear regression models were built using the information-theoretic model 

comparison approach. Alternative models were compared with Akaike’s second-order 

information criterion corrected for small sample sizes (AICc; Burnham & Anderson 

2002). Only those more plausible models with ∆AICc ≤ 4 were selected. Standardized 

regression coefficients (β) were obtained in regression analyses as a measure of the 

sign and magnitude effects of predictor variables (i.e. analyses were carried out with 

standardized variables, such that their averages are zero and variances are 1). 



Chapter I 

 
 

59 
 

Parameter estimates (β and seβ) were averaged using model weights (Wi) derived 

from all models with ∆AICc ≤ 4. We performed all statistical analyses using R version 

3.2.2 (R Core Team 2015). 

 

Table 1. Factor loadings of the principal component analysis for descriptor variables of vegetation 

structure measured at 60 sampling sites (circular plots of 25 m in radius). Significant statistics for each 

principal component are marked in bold (>0.50). 

     Factor           Pc1           Pc2         Pc3 

Tree height 0.391 –0.592 0.204 

Shrub cover (%) 0.306 0.791 0.078 

Herbaceous cover (%) –0.929 0.012 0.184 

Soil cover (%) 0.929 –0.012 –0.184 

No. Pines 0.673 0.406 –0.055 

No. Portuguese oak 0.180  0.437 –0.696 

No. Holm oak –0.138 0.133 0.905 

Expl. variance (%) 40.119 19.147 15.820 

Eigenvalue 2.808  1.340   1.107 

 

We determined potential predictors of nestbox occupation fitting generalized 

linear models (GLZ) based on all possible combinations of the following variables: 

group, height, orientation, territory area, number of neighbours and habitat 

components (Pc1, Pc2, Pc3). This analysis was performed using the glmulti package in R 

(Calcagno 2011).  This package builds all possible unique models involving these 

variables and is specially recommended to deal with many candidate predictors, often 

with modest a priori information about their potential relevance (Ripley 2004; 

Calcagno & Mazancourt 2010). We used a binomial distribution (occupied vs. empty) 

and logit link function. The same procedure was applied to determine whether nestbox 

position, habitat configuration and density influenced Blue tit breeding parameters 

and nestling’s body condition. GLMs were run using laying date, clutch size, brood size 

(number of 13-day-old nestlings), fledgling mass and fledgling tarsus length as 

dependent variables. Height, group, orientation, territory area, number of neighbours, 

distance to the nearest neighbour, Pc1, Pc2, and Pc3 were included as predictors. We 



Chapter I 

 

60 
 

controlled for laying date except in the analysis in which this was the dependent 

variable. Gaussian distribution and identity function were used in these analyses. 

 

RESULTS 

Mean potential territory area for Blue tits was 2.17 ± 2.03 ha, (range: 0.38–9.70 ha), 

mean distance to the nearest neighbour was 55.14 ± 37.55 m (range: 9.54–184.12 m) 

and mean number of neighbours was 4.81 ± 1.53 neighbours (range: 2–9 neighbours). 

 

Occupation rates 

The Akaike multimodel inference supported a prominent role for nestbox selection of 

the number of neighbours and nestbox height, which were statistically significant (i.e. 

95% credible intervals did not cross zero; Table 2). The AICc figure for the null model 

(i.e. not including any effect) was 140.67, while the AICc for the ‘worst’ model selected 

was 91.74. High nestboxes were more likely to be occupied (78.38%) than low ones 

(21.62%), the same as those with fewer neighbours (Table 2). The remaining predictor 

variables -territory area, habitat principal components, group and orientation- had a 

low strength of evidence and magnitude effects (sum of Akaike weights <0.80 absolute 

values of weighted standardized β regression coefficients <0.10; Table 2). 

 

Breeding performance  

Variation in laying date was explained by an average model including height, number 

of neighbours, and distance to the nearest neighbour as explanatory variables (∑Wi > 

0.8 and highest magnitude effects; Table 2). The AICc figure for the null model was 

105.51, while the AICc for the ‘worst’ model selected was 89.27. Early laying females 

selected nestboxes placed above three meters (high) and preferred sites with fewer 

neighbours and where distance to the nearest neighbour was larger (Table 2, Figure 3). 

The only variable affecting Blue tit clutch size was laying date, so that the 

earlier the laying date, the larger the clutch size (Table 2). The AICc figure for the null 

model was 105.51, while the AICc for the ‘worst’ model selected was 96.13. The 

average model for brood size included Pc2 as positive significant predictor (∑Wi > 0.8; 

Table 2), thus brood size increased when shrub cover was higher and tree height lower 
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(Table 2, Figure 4). The AICc figure for the null model was 105.51, while the AICc for 

the ‘worst’ model selected was 102.45. 

Nestling mass was marginally higher when distance to the nearest neighbour 

was larger (∑Wi < 0.8 but the highest magnitude effect; Table 2). Also, the presence of 

oak species (Pc3) had a marginal role in determining nestling tarsus length (∑Wi < 0.8 

but the highest magnitude effect; Table 2). The AICc figures for the null models were 

both 85.74, while the AICc for the ‘worst’ model selected was 83.56 for nestling mass 

and 85.03 for tarsus length. 

 

 

Figure 3. Partial residual plots illustrating the influence of distance to the nearest neighbour (a) and 

number of neighbours (b) on mean laying date for Blue tits breeding in a Central Spain pinewood during 

2012 spring. Partial residuals are obtained after controlling for the remaining variables considered in the 

analysis of Table 2. 

 

 

Figure 4. Partial residual plots illustrating the 

influence of second PCA component (Pc2) on 

mean brood size at 13
th

 day for Blue tits 

breeding in a Central Spain pinewood during 

2012 spring. Partial residuals are obtained after 

controlling for the remaining variables 

considered in the analysis of Table 2. 
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Table 2. Multimodel inference for Blue tit nestbox selection and breeding parameters in a pinewood in central 

Spain during 2012 spring.  The estimate of the coefficient, unconditional standard error, and sum of weights 

(estimated following Buckland et al. 1997) for each of the parameters in the best models ordered by the value 

of the AICc criterion (with small sample correction). 

Occupation Orient Pc1 Group Pc2 Pc3 Tarea Interc Height Neighb   

     β 0.025 –0.060 –0.408 –0.265 0.403 0.826 0.157 1.943 –1.199   

     ∑Wi 0.182 0.238 0.454 0.560 0.711 0.720 1.000 1.000 1.000   

     se β 0.082 0.134 0.572 0.319 0.363 0.688 0.303 0.389 0.365   

Laying date Pc3 Pc2 Pc1 Tarea Orient Group Interc Height Neighb Dist  

     β 0.002 –0.003 –0.005 0.016 0.024 –0.206 0.000 –0.460 0.395 –0.722  

     ∑Wi 0.092 0.095 0.098 0.132 0.176 0.582 1.000 1.000 1.000 1.000  

     se β 0.013 0.015 0.017 0.038 0.049 0.228 0.118 0.129 0.133 0.211  

Clutch size Pc3 TArea Height Dist Pc2 Pc1 Group Neighb Orient Interc LDate 

     β 0.003 –0.002 0.005 –0.020 0.028 –0.049 –0.087 –0.088 0.126 0.000 –0.561 

     ∑Wi 0.056 0.064 0.078 0.123 0.189 0.278 0.357 0.397 0.525 1.000 1.000 

     se β                 0.011       0.012    0.017      0.052      0.057     0.088      0.138      0.134     0.154       0.134 0 .154 

Brood size   Neighb Orient Pc1 Group Height Dist TArea Pc3 LDate Pc2 Interc 

     β –0.004 0.009 0.009 –0.057 0.058 –0.121 –0.084 0.077 –0.105 0.402 –0.004 

     ∑Wi 0.082 0.096 0.103 0.195 0.256 0.311 0.352 0.360 0.379 0.985 1.000 

     se β 0.018 0.026 0.026 0.116 0.103 0.197 0.135 0.124 0.160 0.164 0.153 

Fledg. mass Neighb TArea Pc1 Group LDate Pc3 Pc2 Orient Height Dist Interc 

     β 0.005 0.007 –0.016 0.026 –0.052 0.048 0.054 –0.139 –0.173 0.185 0.030 

     ∑Wi 0.062 0.069 0.107 0.144 0.198 0.203 0.241 0.456 0.487 0.520 1.000 

     se β 0.019 0.022 0.039 0.071 0.100 0.095 0.100 0.190 0.223 0.225 0.177 

Fledg. tarsus Pc2 LDate TArea Height Pc1 Dist Neighb Group Orient Pc3 Interc 

     β 0.002 0.000 0.016 –0.025 0.018 0.029 –0.027 0.130 –0.128 0.247 –0.012 

     ∑Wi 0.063 0.079 0.107 0.125 0.130 0.137 0.140 0.410 0.446 0.667 1.000 

     se β 0.014 0.018 0.039 0.057 0.045 0.071 0.059 0.191 0.179 0.236 0.180 

Only those models with an increase in the AICc statistic ≤ 4 were selected for model averaging. Bold numbers 

indicate significant predictor variables (i.e. variables for which unconditional 95% confidence interval (CI) did 

not cross zero). Beta (β): weighted averages of standardized regression coefficients; seβ: unconditional 

standard error of standardized regression coefficients; ∑Wi: sum of weights of the models in which the variable 

appears; Tarea: territory area per breeding pair; Height: nestbox position related to height (high/low); Group: 

nestbox position related to group (clustered/isolated); Orient: cardinal orientation of each nestbox; LDate: 

laying date per breeding pair; Neighb: number of neighbours per breeding pair; Dist: distance to the nearest 

neighbour pair; Pc1, Pc2 and Pc3: habitat structure components (see Table 1). 
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DISCUSSION 

Nest site selection 

The Blue tits that occupied our nestboxes preferred to breed in those placed at a 

height of 3.0–5.0 meters above the ground (lower nestboxes were placed at 1.5–2.0 

meters). According to Nilsson (1984), selection for higher nestboxes is explained by 

lower predation risk for nests at greater heights. Data on nest predation rates in 

natural holes suggest that the preference for higher holes is highly adaptive for 

secondary cavity nester species, such as the Eurasian nuthatch and the European 

starling (Sturnus vulgaris, Nilsson 1984), the European roller (Coracias garrulus, Parejo 

& Avilés 2011) or the Mountain bluebird (Sialia currucoides,  Robles & Martin 2013). 

High nest placement could be advantageous for birds as it minimizes nest detection 

and access to ground-dwelling predators (Wesołowski 2002), but these preferences in 

our nestboxes probably arises as an evolutionary adaptation. In contrast, Wesołowski 

& Rowiński (2012) found that higher holes were more at risk of being depredated by 

forest dormouse. Therefore, habitat specific features may determine the variation and 

adaptability of Blue tits in selecting breeding site. 

Territories with less number of neighbours were also preferred for breeding by 

Blue tits. Intensity of intra- and inter-specific competition has been previously 

described in a related species, the Great tit, to be strongly affected by individual 

differences in state, such as age (Drent 1983), body condition (Gosler & Carruthers 

1999) and prior residency (Krebs 1982; Sandell & Smith 1991). Our results support the 

idea that birds selected areas where competitive interactions were reduced (fewer 

neighbours).   

 

Nest-site characteristics and breeding performance 

Laying date was earlier for those females that bred in higher nestboxes, with fewer 

territory neighbours and located further from the closest neighbour. This suggests that 

those pairs settled first in the area after winter dispersal, selected better locations, 

thus avoiding predators and competitors. The best territories for Blue tits are those in 

which the earliest clutches are laid (Maícas et al. 2011).  
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We found no significant effect of nestbox position on clutch size. Clutch size 

was only affected by laying date, as it declined throughout the season, as has been 

extensively described in Blue tits and other single-brooded species (Lack 1954; Perrins 

1965; Klomp 1970; Crick et al. 1993). Fitness performance was strongly affected on 

2012 breeding season in our study site by dry climatic conditions (high temperatures 

and low precipitation). Thus, it may cause a clutch size reduction in all cases which 

might explain our non-significant differences between nestbox positions. Contrary to 

expected, our data did not show any negative effect of high population density on 

clutch size, as previously reported by Wilkin et al. (2006). This study suggested that this 

relationship results from adaptive adjustment by females or by food limitation in over-

occupied areas. Despite our density is greater compared to the lattest (0.98 and 0.6 

pairs/ha), it cannot be considered as over-occupied since higher densities have been 

previously reported at the same area (pinewood: 1.0 and 1.3 pairs/ha; oakwood: 3.5 

and 4.40 pairs/ha; Sanz et al. 2010; García-Navas & Sanz 2011a). Hence, in our 

pinewood, the population density/resource availability ratio may already be highly 

constrained by habitat type to prevent us of finding a strong influence of competition 

on clutch size.  

 Blue tit brood size was greater in those territories where shrub cover was well 

developed, as found in previous studies (Sanz et al. 2010; Garcia-Navas & Sanz 2011b), 

as well as on other species e.g. Eurasian roller (Avilés et al. 2000). Also, lower tree 

height (included in Pc2) would suggest that smaller trees permit higher light incidence, 

which may be particularly important for understory growth. This seems to be related 

to the importance of the understory as an alternative feeding substrate for Tits, which 

are mainly canopy foragers. The continuous transformation of this pine plantation may 

have changed the pattern of food availability, and, as indicated by Harrison & Fahrig 

(1995), created an heterogeneous environment with mosaics of optimal (high shrub 

cover and lower trees) and sub-optimal habitats.  

Nestling body mass showed a tendency to be higher when distance to the 

nearest neighbour was greater, suggesting a causal role for population density in 

reproductive output. It has been previously shown that competition for food is 

exacerbated in low quality habitats (Dhondt 2010), which may explain why Blue tits 
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preferred to breed far away from competitors in our study area. Similar results have 

been described for Great tits (Wilkin et al. 2006). These authors explained the density-

dependent pattern in fledgling mass as the possible reduction of nestling provisioning 

(either in quality and/or quantity) in high-density areas, particularly if parents also 

suffered from increased interference from other pairs. Similar findings have been 

obtained in other Great tit studies (Wilkin et al. 2009). 

Blue tit nestlings reared in areas with higher numbers of Portuguese oaks and 

fewer Holm oaks (Pc3) had larger tarsi. This predictor, which we called “dryness 

gradient”, suggests an indirect effect of soil dryness in chick’s development. Chicks 

developed in more humid areas, where more Portuguese oaks grow and therefore, 

with higher proportion of caterpillars, were in better body condition. The spring of 

2012 was especially dry and warm in our study area, with a very low breeding success 

compared to previous years (see e.g. Garcia-Navas & Sanz 2011b). This, in addition to 

the ‘low quality’ habitat type (pinewood) of this study, may explain the better chick 

development in more humid areas.  

Finally, we found that nestbox clustering design (isolated or clustered) did not 

influence occupation rate or breeding success. Occupation rates in coniferous habitats 

have been reported to be lower than in other forest types, such as oakwood or native 

pinewoods (Maícas & Fernández-Haeger 1996). Approximately, half of the nestboxes 

remained unoccupied (51 out 100). Thus, breeding pairs would have likely selected to 

settled apart from the potential competitors resulting in a widespread distribution. 

The low occupation rates and reproductive success, suggest that this habitat may be 

used by those pairs that did not find an available territory in the preferred oakwood 

habitat. 

In conclusion, our findings suggest that the placement of nestboxes should be 

carefully planned to adapt to species-specific requirements in each habitat type, to 

ensure their occupation and favor the breeding performance of secondary cavity 

nesters. In regard to Blue tits breeding in Maritime pine plantations, nestboxes should 

be placed  high above the ground (height ≥ 3m), and they should be separated by, at 

least, 60 meters from each other, as this is the average home range for several forest 

passerines (e.g. 0.40–3.00 ha for Great tit, Both & Visser 2001; 0.53–2.24 ha for 
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Nuthatch, Enoksson & Nilsson 1983; 0.07 to 1.57 ha for Blue tit in this study).  We thus 

recommend to consider nestbox height and cavity-nesters density when providing 

nestboxes in pine plantations, and to favor shrub and native tree species recovery (see 

also Barrientos 2010) in order to improve the habitat quality and thus, benefit forest 

bird populations. Further, we emphasize the suitability of nestboxes for behavioural 

and evolutionary studies, as several forest-dwelling secondary cavity-nesters readily 

accept them to breed. 
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ABSTRACT 

Blue tits Cyanistes caeruleus nestling diet composition and specialization, and feeding 

rates seem to depend on parental effort, habitat type and their interactions. In a 

three-year study, we compare the nestling diet of Blue tits in two Mediterranean 

forests (pinewood and oakwood) and its implications in breeding success. Feeding 

behaviour was recorded within nestboxes when chicks were 11-days-old. Prey types 

provided by parents differed between habitats and sexes. Although caterpillars (Order 

Lepidoptera) constituted the largest proportion of nestling diet in both habitats, chicks 

in pinewood were fed more noctuid and tortricid larvae than those in oakwood. In 

contrast, spiders were more frequently fed to oakwood chicks. Furthermore, females 

provided tortricids more often than males, whereas males supplied more geometrid 

larvae and spiders. We found a more homogeneous diet composition for Blue tit chicks 

raised in the pinewood forest. Also, a greater number of chicks fledged when their diet 

included more tortricids and was more homogeneous, and Blue tit nestlings raised on 

a diet with a higher number of spiders were in better body condition. Differences in 

nestling diet between habitat types may contribute to explain variance in foraging 

behaviour and breeding performance among populations. 
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INTRODUCTION  

Most bird species have specific habitat requirements for breeding (Cody 1981), but 

they are also able to use a wide range of habitats within a heterogeneous landscape 

(e.g. Jones 2001; Mörtberg 2001). Forest habitat quality for avian populations is 

influenced by a combination of vegetation structure and plant composition, micro-

climatic conditions, forest plot area, and the nature of the surrounding landscape ( 

Santos & Tellería 1995; Bellamy et al. 2003). It has been widely address that food 

resources, strongly influenced by habitat characteristics, are one of the most 

important forces which constraint avian life histories (Martin 1995), and could affect 

avian condition or breeding performance (Suorsa et al. 2003; Arriero & Fargallo 2006;  

Arriero et al. 2010). 

The extent to which peak availability of certain food types potentially affects 

breeding performance depends on the seasonality of different habitat types (Burger et 

al. 2012).  Thus, there is selective pressure to synchronize breeding with certain food 

peaks (i.e. at maximal availability), which requires many species of forest passerines to 

raise offspring during a very short period of the year (Dias & Blondel 1996; Lambrechts 

et al. 1997; Blondel et al. 1999). For example, previous studies have demonstrated that 

several Tit species (Parus spp.) use a series of environmental cues before or around the 

egg laying stage as triggers for breeding decisions (Lambrechts & Perret 2000; Cole et 

al. 2015; Hinks et al. 2015), as period of maximum caterpillar availability is a relatively 

brief period. Thus, caterpillar phenology seems to determine the optimal time window 

for tit reproduction, as nestling development outside this period has severe fitness 

consequences (Noordwijk et al. 1995; Verboven et al. 2001; Visser et al. 2006).  

Previous studies have shown that the Great Parus major and Blue Cyanistes 

caeruleus tits are able to adjust their foraging behaviour based on both prey density 

and quality (e.g. Wilkin et al. 2009; García-Navas & Sanz 2010). However, most of these 

studies focused on a single habitat type (e.g. Barba et al. 1994; Grieco 2001; García-

Navas et al. 2013); very few have compared diet composition of Tits in different 

habitats of the Mediterranean region (but see Massa et al. 2011; Pagani-Núñez et al. 

2014). This is crucial such that preferred food types and food abundance is determined 
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by floristic composition (Blondel et al. 1991; Lundberg & Alatalo 1992), thus Tits 

breeding performance differs among vegetation types (Blondel et al. 1991; Gil-Delgado 

et al. 1992). Therefore, determining how bird species cope with available food 

resources (e.g. Barba et al. 2004) in each habitat type, is of great interest.   

Blue tit nestlings are mostly fed caterpillars found on young oak tree leaves 

(Quercus spp., Bańbura et al. 1994, 1999). Although some diet variation has been 

described, the species prefers lepidopteran larvae (caterpillars) when rearing chicks ( 

Gibb & Betts 1963; Balen 1973; Wilkin et al. 2009), with significant consumption of 

spiders during the first days post-hatching (Ramsay & Houston 2003). In terms of food 

load, and consistent with the central place foraging theory, birds prefer to bring larger 

prey to the nest than smaller ones (Orians & Pearson 1979), regardless of nutritional 

quality, especially when offspring demand increases (Tinbergen 1981; Wright et al. 

1998; Grieco 2001). 

Here, we describe Blue tit nestling diet composition and its variation between 

two forest types in central Spain, a native oak forest and a pine plantation, to 

determine the effects on breeding performance in a “preferred” (oakwood) versus 

“alternative” (pinewood) breeding site. The main objectives were to (i) analyse nestling 

diet composition in both habitats; (ii) investigate whether a differential feeding effort, 

prey types and biomass exists regarding parental sex and habitat type; (iii) examine 

how pair diet specialization with respect to the mean diet of each population and 

diversity may affect variability in nestling diet among habitats; and (iv) determine 

whether nestling diet influences Blue tit fitness. 

 

METHODS  

Study area 

The study was conducted from late March to late June during three consecutive 

breeding seasons (2012–2014) of Blue tit populations in central Spain (Quintos de 

Mora, Montes de Toledo). We monitored five nestbox plots where in Pyrenean oak 

(Quercus pyrenaica) and, to a lesser extent, Portuguese (Quercus faginea) and Holm 

oaks (Quercus ilex) are the most abundant tree species (oakwood hereafter), and one 

nestbox plot on a hillside dominated by maritime pine (Pinus pinaster) which includes 
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some widespread Pyrenean, Holm and Portuguese oaks (pinewood hereafter; see plots 

attributes in Table 1).  

Nestboxes were checked regularly to ascertain the following breeding 

parameters: (1) laying date, the date when the first egg was laid (1 = 1st of April), (2) 

clutch size, the number of eggs in the nest at the start of incubation, (3) hatching date, 

the date when the first egg hatched, (4) brood size, the number of chicks that survived 

to 13 days old (5) number of fledglings, the number of chicks fledged per nest. Adult 

birds, caught with spring traps when feeding chicks (at 8 days old), were sexed 

according to the presence or absence of a brood patch and tagged with metal rings to 

more easily distinguish individuals: females were banded on the right tarsus and males 

on the left one. 

Table 1. Attributes of the six nestbox plots analysed in the study. The following information is given: 

location of the populations, geographical coordinates, number of nestboxes per plot, elevation and 

habitat type [Qp: Pyrenean oak forest (oakwood); Pp: Maritime pine plantation (pinewood)]. 

Population Latitude Longitude n Elevation(m) Habitat 

Gil-García 39.379 – 4.124 100 826 Qp 

Torneros 39.412 – 4.055 5 820 Qp 

Barranco de la Peña 39.378 – 4.111 5 870 Qp 

Corzas 39.359 – 4.091 5 930 Qp 

Fuente del Común 39.363 – 4.080 40 919 Qp 

Camino del Azafranal 39.385 – 4.107 100 768 Pp 

 

Birds were weighed with an electronic balance (accuracy: ±0.1 g), and tarsus 

length was measured with a digital calliper (accuracy: ±0.01 mm). Nestlings were 

ringed, weighed and measured similarly 13 days post-hatching. Post-fledge nests were 

visited 22 days after hatching to establish the breeding success of each pair (i.e., 

number of resulted in fledged young). 

 

Nestling diet and feeding rates 

As in previous studies of the same protected area (García-Navas et al. 2012), one day 

prior to video recording, the original nestbox was replaced with one of equal 

dimensions (17.5 × 11.5 × 13.0 cm) fitted with a back chamber (invisible to birds). The 
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following day (when nestlings were 11 days old), an infrared video camera (Sony HDR–

XR550V; Sony Corp., Tokyo, Japan) was mounted to the chamber. The cameras were 

focused on the nestbox entrance to record adult feeding behaviour and identify prey 

items. Nests were recorded for duration of at least 150 minutes between 08:00 and 

11:30h. The first 60 minutes were not analysed to standardize for disturbances caused 

by camera installation and our presence. Recordings were analysed using Adobe 

PREMIERE ELEMENTS 7.0 software, which allows slow-motion and frame-by-frame 

playback. We determined the number, type and size of prey items brought to nestlings 

and counted the total number of feeding events per breeding pair per nest during the 

next 60 minutes. We distinguished six main prey types, included in two groups: 

lepidopteran larvae and non-lepidopteran larvae. Among the lepidopteran larvae, we 

identified noctuids (cutworms), tortricids (leaf-rollers), and geometrids (inchworms), 

representing the three most common lepidopteran families in the study area (García-

Navas et al. 2012). Lepidopteran larvae were identified following Gómez de Aizpurua 

(2003). The non-lepidopteran prey group included three categories: spiders (ground-

dwelling spiders belonging to the family Lycosidae), plant material (mainly lichens) and 

‘others’, which groups infrequent prey and/or prey not included in the other 

categories (e.g. Coleoptera, Hemiptera, Hymenoptera, Orthoptera, and adult 

Lepidoptera). Prey size was determined using a 2 cm scale drawn inside the entrance 

hole (visible in every video). To make individual prey volumes comparable among taxa 

(see García-Navas & Sanz 2010), each prey item was classified into four ordinal 

categories of body size: 1 = small (length <1 cm for caterpillars, <1 cm for adult insects 

including moths, Hymenoptera and Orthoptera, and abdomen diameter <0.2 cm for 

spiders); 2 = middle (length 1–2 cm and 1–1.5 cm for caterpillars and adult insects, 

respectively, and abdomen diameter 0.2–0.5 cm for spiders); 3 = large (length 2–3 cm 

for both caterpillars and adult insects and abdomen diameter 0.5–0.8 cm for spiders); 

4 = very large (length > 3 cm for both caterpillars and adult insects and abdomen 

diameter >0.8 cm for spiders). Total biomass provided per adult and per nest for each 

prey type was calculated by combining the number and size of prey items. Thus, we 

multiplied number of prey in every category by the ordinal categories of prey size, 

summing all of them, and dividing the total by the total number of prey. A total of 264 
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nests were monitored; 131 of which were videotaped (79 pinewood and 52 oakwood 

nests) during the three years of the study (37 in 2012, 56 in 2013, and 38 in 2014). We 

recorded a total of 3,349 feeding events (2,045 from the pinewood and 1,304 from the 

oakwood).  

 

Data analysis 

We assessed among-pairs trophic specialization, at a pair level, in relation to 

population niche breadth by means of the proportional similarity index (PSi = 1 − 0.5∑j 

│pij − qij│ = ∑j min (pij, qij)), a measure of the overlap between the diets of a pair and 

the population. This index provides information on the use of trophic resources by 

individuals framed in the context of a population, and range from 0 to 1, where 1 

indicates that the individual’s diet is equal to the mean diet of the population and 

lower values indicate that the individual specializes with respect to the population 

mean (see Pagani-Núñez et al. 2015 for further details). We also calculated prey 

diversity per nest using the Shannon-Wiener diversity index (e.g. Arroyo 1997) to 

assess whether nestling diet differed between habitats and its possible implication for 

breeding success. Breeding and nestling diet parameters varied from year to year; 

therefore, data were standardized by computing z-scores (Perrins & McCleery 1985) to 

eliminate this variance. Prey categories with a frequency and biomass less than 10% of 

the diet were excluded from analyses (see Results section). 

First, we used a series of general linear models (GLMs) to assess differences in 

life history traits (laying date, clutch size, fledgling number and condition) between 

habitat types and study years. We implemented the models using the ‘lm’ function in R 

v. 3.2.3 (R Development Core Team, 2016). Second, variation in feeding rates, number 

of prey items, biomass per prey category, and diversity among habitats were analysed 

across general linear mixed-effects models (GLMMs) for these variables with the ‘lmer’ 

function of the ‘lme4’ package (Bates et al. 2015). Sex (to determine whether males 

and females differed in feeding effort and prey preferences), habitat, year, laying date 

and brood size were set as fixed effects in all models, whereas individual and nest 

identities were fitted as random effects. Variation in similarity index was also analysed:  

in this case, the ‘lm’ function was used to build a GLM as pair level calculations were 
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performed. Finally, the influence of prey type and diet features (biomass, diversity and 

similarity) on reproductive success, measured as the number of fledged chicks per nest 

and nestling body condition (measured as body mass, and including tarsus length in 

the model), were used as response variables in GLMs (‘lm’ function). Laying date and 

brood size were included as fixed effects.  

When a significant interaction was detected, factors were nested to explore all 

interaction levels. Final models were then selected following a backward procedure, by 

progressively eliminating non-significant terms, resulting in a minimal most adequate 

model for explaining variability in the response variable, in which only significant 

explanatory terms are retained. Degrees of freedom were computed using the 

“Kenward-Roger” method. Descriptive data are presented as mean ± standard error.  

 

RESULTS  

Breeding parameters 

We found differences in mean laying date between years regardless of habitat type 

(Table 2). However, the interaction habitat*year was significant (Table 2), and nested 

design revealed that females laid earlier in the oakwood plots in 2012 (pinewood: 

27.37 ± 2.04, oakwood: 20.95 ± 1.58; t–value = 3.048, P = 0.002). Clutch size was 

similar between habitats and among years (Table 2). Fledgling number did not differ 

between habitats but was significantly lower in 2012 (Table 2; 2012: 3.64 ± 0.32, 2013: 

5.32 ± 0.03, and 2014: 4.79 ± 0.43). Fledgling condition also differed among years 

(Table 2), and the habitat*year interaction indicated that it was higher in the oakwood 

during 2012 (habitat nested in year:  pinewood = 9.04 ± 0.14, oakwood = 9.88 ± 0.13; 

t–value = – 4.385, P< 0.001; Table 2).  

 

Nestling diet composition and feeding rates 

Feeding rate was positively correlated with brood size (estimate ± se = 0.196 ± 0.064; 

F1, 127.80 = 9.1906, P = 0.003) and negatively with laying date (estimate ± se = – 0.162 ± 

0.063; F1, 127.96 = 6.606, P = 0.011). However, no relationship was observed between 

feeding rates and habitats (pinewood: 26.74 ± 11.57 feeds/hour; oakwood: 26.08 ± 

12.47 feeds/hour), years (2012: 11.58 ± 5.40 feeds/hour; 2013: 14.32 ± 6.40 
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feeds/hour; 2014: 13.26 ± 5.53 feeds/hour) or sexes (female: 12.79 ± 8.29 feeds/hour; 

male: 13.69 ± 8.29 feeds/hour; all P values > 0.1). 

 

Table 2. General lineal models showing differences in the two habitats (oakwood/pinewood) among 

years in general breeding parameters, fledgling and parental condition for Blue tits at Montes de Toledo 

(central Spain).  

 Habitat type    

 Oakwood Pinewood df Test p 

Laying date 21.83 ± 11.60 (150) 22.97 ± 11.35 (113)    

   Year   2, 257 36.69 <0.001 

   Habitat   1, 257 1.15    0.284 

   Year*Habitat   2, 257 4.39 0.013 

Clutch size 7.55 ± 1.83 (150) 7.34 ± 1.11 (113)    

   Year   2, 258 0.65    0.525 

   Habitat   1, 258 0.34    0.563 

   Laying date   1, 258 103.40 <0.001 

Fledgling number 4.24 ± 3.29 (135) 4.84 ± 2.95 (104)    

   Year   2, 234 7.94 <0.001 

   Habitat   1, 234 2.54    0.112 

   Lay date   1, 234 13.66 <0.001 

Fledgling mass 10.18 ± 0.94 (100) 9.72 ± 1.46 (89)    

   Laying date   1, 181 0.001 0.978 

   Tarsus length   1, 181 63.76 <0.001 

   Year   2, 181 31.07 <0.001 

   Habitat   1, 181 1.36    0.245 

   Year*Habitat   2, 181 10.10 <0.001 

Date 1=1
st

 of April. Values are expressed as Mean ± SE. Sample sizes (N) are shown in parentheses. 

The number and biomass of prey types identified per habitat per year are 

represented as percentages in Figure 1. With all data pooled, based on prey number, 

caterpillars constituted the core diet, representing more than three quarters (80.76%) 

of all items identified, with noctuids (42.94%) and tortricids (34.34%), being the most 

abundant. Spiders were the third most common prey type (7.64%), and remaining prey 

types ranged between 3 and 5%. In terms of biomass, the two main prey types were 

nearly equally represented (noctuids = 27.13% and tortricids = 23.56%), followed by 
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geometrids (11.08%) and spiders (10.13%). Remaining prey types represented less 

than 9% of the total biomass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Blue tit nestling diet composition in two forest types at Montes de Toledo (central Spain) as 

percentages of the number of prey items (a) and prey biomass (b). Total number of prey items (N) is 

indicated above the graph. 

 

A higher number, which was positively correlated to brood size, and greater 

biomass of noctuid larvae were provided in the pinewood habitat (Tables 3 and 4). A 

significantly larger number of tortricids was provided by females from both habitats; 

however, only in the pinewood did nestling diet show more tortricids overall. Number 

of tortricids also was negatively correlated with laying date and positively with brood 

size. In terms of biomass, only the positive correlation between tortricids and brood 

size was significant (Tables 3 and 4). Male Blue tits provided a larger number and 
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greater biomass of geometrids, both of which were also positively correlated to with 

brood size in the number of items model (Tables 3 and 4). Finally, based on number of 

spiders, males provided more than females in both habitats, but in the oakwood 

habitat, spiders represented a greater proportion of nestling diet. The biomass 

represented by this group was not explained by any of the predictors (Tables 3 and 4).  

 

Table 3.  Number of prey items by type in relation to year, habitat and sex factors. Only significant (p < 

0.05) and marginally significant (0.05 < p < 0.10) variables retained in the final model are shown. Each 

model initially included all the variables indicated in the lists of ‘rejected terms’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type of prey (nº) Explanatory terms Estimate ± SE Test P 

Noctuids Intercept – 0.029 ± 0.051   

 Brood size    0.306 ± 0.059 F1, 125.77 = 26.778 < 0.001 

 Habitat  F1, 131.59 = 4.7323    0.031 

 Rejected terms: laying date, year, sex, factor interactions 

Tortricids Intercept – 0.029  ± 0.051   

 Laying date – 0.127 ± 0.054 F1, 123.80  = 5.289    0.023 

 Brood size    0.123 ± 0.053 F1, 125.07  = 5.067    0.026 

 Sex  F1, 128.42  = 117.607 < 0.001 

 Habitat  F2, 124.53  = 6.903    0.009 

 Rejected terms: year, factor interactions 

Geometrids Intercept – 0.017 ± 0.043   

 Brood size    0.175 ± 0.042 F1, 128.11 = 17.148 < 0.001 

 Sex  F1, 127.80  = 290.337 < 0.001 

 Rejected terms: laying date, habitat, year, factor interactions 

Spiders Intercept    0.018  ±  0.071   

 Sex  F1, 139.31 = 5.872    0.017 

 Habitat  F1, 138.71 = 3.730    0.056 

 Rejected terms: laying date, brood size, year, factor interactions 
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Table 4.  Biomass of prey by type in relation to year, habitat and sex factors. Only significant variables (p 

< 0.05) retained in the final model are shown. Each model initially included all the variables indicated in 

the lists of ‘rejected terms’. 

 

 

 

 

 

 

 

 

 

Similarity indices significantly differ between habitat types, with larger values 

observed in the pinewood (F1, 127 = 4.008, P = 0.047), and it was also positively 

correlated with brood size (estimate ± se = 0.347 ± 0.083, F1, 127 = 17.3733, P < 0.001). 

We found no differences in diet diversity between habitats, sexes or years; it was also 

not correlated with laying date or brood size (all P values > 0.1). 

 

Nestling diet composition and fitness 

Fledgling number was positively correlated with the total number of tortricids 

(estimate ± se = 0.319 ± 0.080; F1, 127 = 16.120, P < 0.001) and negatively with laying 

date (estimate ± se = – 0.288 ± 0.080; F1, 127 = 12.898, P < 0.001) in the model using 

number of prey types as the predictor variable (Figure 2a). The same results were 

observed when the predictor variable was the biomass of prey types (Figure 2b; 

tortricids: estimate ± se = 0.297 ± 0.080; F1, 127= 13.884, P < 0.001; laying date: estimate 

± se = – 0.307 ± 0.080; F1, 127 = 12.898, P < 0.001). In the model including diet features, 

number of fledglings was positively correlated with similarity index (estimate ± se = 

0.266 ± 0.081; F1, 127 = 10.864, P = 0.001) and negatively with laying date (estimate ± se 

= – 0.309 ± 0.081; F1, 127 = 14.474, P < 0.001). 

Biomass Explanatory terms Estimate ± SE Test P 

Noctuids Intercept – 0.044  ±  0.066   

 Habitat  F1, 128.52 = 10.292 0.002 

 Rejected terms: laying date, brood size, year, sex, factor interactions 

Tortricids Intercept – 0.005 ± 0.0628   

 Brood size 0.243 ± 0.063 F1, 127.97 = 14.479 < 0.001 

 Rejected terms: laying date, habitat, year, sex, factor interactions 

Geometrids Intercept – 0.004   ± 0.067   

 Sex  F1, 129.57 = 4.607 0.0337 

 Rejected terms: laying date, brood size, habitat, year, factor interactions 

Spiders Intercept     4.198e–05 ± 0.07   

 Rejected terms: laying date, habitat, sex, year, sex, factor interactions 
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Figure 2. Relationship between (a) the total number of tortricids or (b) tortricid biomass and the number 

of Blue tit fledglings in central Spain. 

 

Fledgling condition was positively correlated with the total number of spiders 

(Figure 3) in the model with all diet categories (estimate ± se = 0.204 ± 0.089; F1, 124 = 

5.276, P = 0.023). Otherwise, we found no significant effect of biomass of prey types or 

diet features (similarity index, diversity and prey size) on fledgling condition (analyses 

not shown).   

 

Figure 3. Relationship between the total number of spiders supplied and fledgling mass of Blue tit chicks 

in central Spain. 
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DISCUSSION  

Our data show that, despite breeding performance was similar, Blue tit nestling diet 

varied depending on our populations breeding habitat. Caterpillars constituted the 

largest proportion of nestling diet in both habitat types, although their frequency (total 

number) and biomass was higher in the coniferous pinewood habitat. However, in the 

oakwood forest, spiders were provided more often, but always with a secondary role. 

We also observed differences in prey type supplied by the sexes, and a higher diet 

specialization of breeding pairs in the pinewood habitat. All of these parameters, taken 

together, clearly influence Blue tit fitness. 

 

Breeding parameters 

Several studies report differences in breeding performance among habitat types in 

several cavity-nesting species, such as the Pied flycatcher (Fycedula hypoleuca; 

Siikamäki 1995), the Great tit (Sanz 1998; Sanz et al. 2010), and even our model 

species, the Blue tit (Blondel 2007; Arriero et al. 2010). Contrary to our expectations, 

Blue tits breeding in oakwood and pinewood habitats performed similarly, and only 

annual variations were observed. The weather may account for the earlier presence of 

oakwood clutches, compared to the mean laying date of pinewood clutches, during 

2012: that year was the warmest breeding season of the study period (15.7º C), 

followed by 2014 (14.3º C) and 2013 (12.4º C). Previous studies show deciduous 

forests as the preferred habitat of Tits (Cramp & Perrins 1993; Newton 1998; Mänd et 

al. 2005). Burger et al. (2012) found that early breeders in oakwoods would have 

greater fitness since they synchronise in a better way breeding season and caterpillar 

peak. Thus, the earlier laying date observed in the oakwood nests during 2012 may 

reflect the ability of Blue tits breeding in our oakwood to adjust to specific 

environmental conditions, resulting in better nestling condition. Nevertheless, 2012 

was the worst breeding season in both habitats in terms of number of fledglings, and 

consequently, as it has been previously demonstrated, nestlings are less likely to 

survive and be recruited into the population under elevated spring temperature 

conditions (Both & Visser 2005; Greño et al. 2007). 
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Nestling diet 

Given the likelihood of larger, higher quality prey in the oakwood, we hypothesized a 

lower feeding rate in this habitat. However, mean brood size was similar among 

habitats, therefore explaining that we found no difference because parents did the 

same effort in both habitats. Feeding rates were also similar between sexes, although 

it was recently reported that male Blue tits bring more food per hour than females 

(Navalpotro et al. 2016). Yet, our result is consistent with the findings of García-Navas 

et al. (2013), with which our study shares half of the fieldwork area. Differences in 

provisioning behaviour between the sexes, rather than impacting feeding rates, may 

rely on other factors, such as prey type or load size (Wright et al. 1998).  

Nestling diet composition was influenced by forest type. Caterpillars 

constituted the majority of prey provided in both habitats. Garcia-Navas & Sanz (2011) 

also report a similar observation for one of our oakwood plots (Gil-García). The 

nutritional composition of caterpillars makes them a preferential and optimal prey 

(e.g. Riddington & Gosler 1995; Bańbura et al. 1999). Although several studies have 

described this preference for the related Great tit (Sanz 1998; Barba et al. 1994; 

Pagani-Núñez et al. 2011), few studies have focused on Blue tits (but see Wilkin et al. 

2009 and García-Navas & Sanz 2011). Birds breeding in caterpillar-poor evergreen 

woodlands, similar to the pinewood (pers. obs.), provide a lower proportion of 

caterpillars than those in caterpillar-rich deciduous habitats (Blondel et al. 1991). 

However, in this study, caterpillars (noctuids and tortricids) were provided more 

frequently in the pinewood nests, while other types of prey, such as spiders (the next 

most consumed prey type, by numbers, after caterpillars) were provided more 

frequently in the oakwood nests. Spiders represented 9.24% of the diet in this habitat, 

similar to the value described by Wilkin et al. (2009) for nests in Wytham Woods (UK); 

only 7.05% of the diet corresponded to spiders in the pinewood habitat. The higher 

abundance of noctuid and tortricid larvae, and the greater biomass of noctuid larvae, 

in the diet of pinewood bred chicks, may reflect the lack or scarce presence of other 

prey categories in that habitat. On the contrary, the other prey types (e.g. spiders) 

seem to supplement chicks’ diet in the deciduous forest population. 
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Our results provide evidence of differential diet allocation between sexes. 

Females supplied a higher number of tortricid larvae, the second most abundant prey 

type; however, in terms of biomass, both parents provided the same quantity. 

According to García-Navas et al. (2012), females may preferentially rely on tortricid 

larvae as a less time-consuming caterpillar species to capture in order to stay in the 

nest longer to perform other duties (e.g. brooding, nest sanitation, fluffing of the nest 

structure). Moreover, given that biomass values were similar for both parents, females 

may have delivered smaller tortricids than males, which may have had more time for 

searching and capturing larger items. Male Blue tits provided a higher number of 

spiders, but in biomass, there were no differences between sexes. Pagani-Núñez et al. 

(2011, 2015) found that, in Great tits, males collected more caterpillars whereas 

females tended to deliver more spiders, but when analysing absolute data, as in our 

study, males generally provided higher quantities of food, including spiders. We also 

found that males contributed a higher number and greater biomass of geometrids. In 

this study, we show, for the first time, the higher contribution of geometrids to 

nestling diet by males. Together with the female preference for tortricids, these 

observations suggest differential prey selection between the Blue tit sexes.  

Variability in nestling diet supports the diverse and variable prey distribution 

that is characteristic of the Mediterranean area (Bańbura et al. 1994; Blondel et al. 

2010). Tits (Blue and Great), though usually considered diet generalists, mainly rely on 

caterpillars to feed their offspring (Naef-Daenzer et al. 2000; Tremblay et al. 2003; 

Blondel 2007; Eeva et al. 2009). In our study, we found that the similarity index was 

greater in the pinewood, suggesting that Blue tits breeding in this habitat specialize 

more than those in the oakwood. Our result confirms a hypothesis proposed by 

Pagani-Núñez et al. (2015), in which diet specialization acts as the main mechanism 

used by Great tits and, as demonstrated here, Blue tits to avoid evergreen habitats 

constraints. Moreover, we did not find a diversity difference between habitats, 

indicating. In contrast, Massa et al. (2011) described higher diet diversity in a pine 

reforestation in Sicily comparing to an oak and a mixed forest. Our result may indicate 

that the same types of prey were available in both nestbox plot sites. However, food 

availability measurements should be conducted to test this hypothesis. 
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Nestling diet and fitness 

García-Navas & Sanz (2011) described noctuids as the most palatable caterpillar type 

for tits, and that tortricids play a secondary role as an easily obtained food source 

when noctuid supply is low. Although noctuids represented the most abundant prey 

type in both habitats, we found that fledgling number was greater in nests provided 

with more tortricids, which supports the idea that tortricids play a key role in the 

overall optimal development of Blue tit chicks when noctuids are scarce. Likewise, the 

more specialized the diet, the more chicks fledged, which agrees with the pattern 

described by Pagani-Núñez et al. (2015) for a Great tit Mediterranean population 

breeding in an evergreen mixed forest. Through diet specialization, Tits may avoid 

habitat and temporal constraints in suboptimal conditions of the Mediterranean area 

(Pagani-Núñez et al. 2015). 

The high nutritional value of spiders, due to high taurine and protein content 

(55–60%; Ramsay & Houston 2003), may explain the positive correlation between 

fledgling condition and total number of spiders in nestling diet. Previous studies also 

highlight the important role of spiders as a key resource during chick development 

(e.g. Tinbergen 1960; Cowie & Hinsley 1988; Woodburn 1997), including the proper 

development of the feathers (Gosler 1993), the visual system and the cognitive 

function of nestlings (Ramsay & Houston 2003; Arnold et al. 2007). Spiders constitute a 

greater proportion of Great tit nestling diet in Mediterranean forests (Pagani-Núñez et 

al. 2011) than those described here, which may reflect the general lack of food and 

harsher conditions of these ecosystems (Royama 1970; Blondel et al. 1991). However, 

spider biomass was similar between habitats, which may indicate that chicks which 

consumed spiders more frequently (e.g. a smaller spider daily instead of a larger one 

every four days) were more well developed, resulting in better fledging condition.  

Our results show that environmental conditions, such as habitat type, affect the 

nestling diet and fledgling condition of Blue tits. The differential feeding contribution in 

prey types delivered to nestlings suggests variation in males and/or females response 

to changes in nestling developmental stages. Hence, relatively small-scale landscape 

features may be important for understanding variation among individuals breeding in 

different habitats and their reproductive success. However, experimental work is 
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necessary to test and determine causal pathways between diet and reproductive 

success. 
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Cover picture chapter III.   Experimental set up to measure Blue tits exploration behaviour in the field  
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ABSTRACT 

Habitat-specific selection pressures have been widely recognized but whether 

selection favours different personality types in different habitats has rarely been 

evaluated. This study aimed to test whether personality-related differences in annual 

reproductive success differed between two populations of Blue tits (Cyanistes 

caeruleus) occupying different Mediterranean habitats (oakwood and pinewood). We 

measured exploration and parental provisioning behaviours, and used a path analytical 

approach to ask how the interplay between these two behavioural traits affected 

reproductive success in each of these two habitats. We found that Blue tits breeding in 

the pinewood were slow-exploring compared to Blue tits breeding in the oakwood, 

suggesting the occurrence of personality-related differences in settlement, or 

phenotypic plasticity in response to habitat differences. Exploration behaviour and 

feeding rates were positively associated, leading to the idea that they affect each other 

or that there is an environmental factor affecting both traits simultaneously. Finally, 

fast explorers were favoured in the pinewood, while there was no selection acting on 

exploration behaviour in the oak habitat. These findings emphasize the importance of 

integrating habitat selection, plasticity, and personality in the study of behavioural 

evolution. 
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INTRODUCTION  

Behavioural differences between individual animals that are consistent over time and 

across situations are commonly referred to as animal personality (Gosling 2001; Sih et 

al. 2004; Réale et al. 2007). In natural populations, behavioural traits such as 

exploration or aggressiveness have been demonstrated to covary with proxies for 

fitness such as survival or reproductive success (Dingemanse & Réale 2005; Smith & 

Blumstein 2008; Dingemanse & Réale 2013), implying that behavioural phenotypes are 

subject to natural selection. Theory in this area predicts that different personality 

types may be favoured under different environmental conditions or contexts (Dall et 

al. 2004; Sih et al. 2004; Réale et al. 2010; Wolf & Weissing 2010). Personality 

differences are also thought to mediate trade-offs between life-history traits (Réale et 

al. 2010; Nicolaus et al. 2016; Wolf et al. 2007), and affect overall fitness (Sih et al. 

2004; Sih & Bell 2008). One mechanism by which personality-related differences in 

fitness may come about is because personality types differ in environmental sensitivity, 

i.e. behavioural types might differ in their ability to buffer environmental perturbations 

(Mathot et al. 2012; Nicolaus et al. 2014).  

Various explanations have been given in the literature for why fitness 

components might covary with personality. For example, the pace-of-life-syndrome 

hypothesis (POLS) predicts that bold individuals have a greater annual reproductive 

success but shorter life span compared to shy individuals but may overall have a 

similar fitness (Réale et al. 2010). These presumed differences in reproductive 

performance might be mediated by personality-related differences in parental care 

(Both et al. 2005; Schuett et al. 2012; Mutzel et al. 2013). Furthermore, the ability to 

acquire high-quality territories has also been associated with exploration behaviour 

(Dingemanse & de Goede 2004; Both et al. 2005), and females in such territories 

typically lay earlier in the season, and produce larger clutches compared to those 

breeding on low-quality territories (Lambrechts et al. 2004). Differential settlement 

may therefore constitute a mechanism by which differences in pace-of-life are 

mediated, which implies that individuals might settle in habitats that best match their 

phenotype (habitat matching hypothesis; Edelaar et al. 2008). Specifically, individuals 

might match breeding habitat with key behavioural traits that affect their foraging 
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style or resource defence abilities. This may, for example, explain why behavioural 

types generally differ in dispersive tendencies (e.g. Dingemanse et al. 2003; Duckworth 

& Badyaev 2007; Cote et al. 2010). In western Blue birds (Cyanistes caeruleus), for 

example, aggressive animals are more dispersive, which enables them to breed in 

newly colonised areas where they perform best (Duckworth & Badyaev 2007). 

Here we build upon this work by asking whether certain personality types 

perform better in certain habitats as this would help explain the maintenance of 

individual variation in behaviours. We use data collected from Blue tits breeding in 

nestboxes located in deciduous woodland dominated by Pyrenean oaks (Quercus 

pyrenaica) and an evergreen forest dominated by Maritime pine (Pinus pinaster) and 

investigated two key behavioural traits, parental provisioning and exploration 

behaviour, and investigated how those traits mediated short-term fitness (annual 

reproductive success). 

In Blue tits, several life history-traits are known to differ between habitat types 

(Lambrechts et al. 2004; Blondel 2007; Sanz et al. 2010). Such differences have 

generally been linked to habitat quality as, for example, deciduous oak habitats are 

much richer in caterpillar abundance compared to evergreen habitats (Blondel et al. 

1991; Bańbura, et al. 1994; Dias & Blondel 1996; Lambrechts et al. 1997; Tremblay et 

al. 2003). The former habitat is generally expected to result in better reproductive 

performance because Blue tits preferably feed caterpillars to their nestlings (Blondel et 

al. 1993). Blue tits from oak habitats breed on average earlier, produce larger first 

clutches, and produce more fledglings per egg than Blue tits from evergreen habitats 

(Lambrechts et al. 2004). We consider two alternative mechanisms explaining how 

these habitat differences may be mediated by differences in behaviour. First, we may 

expect that explorative animals are more abundant in oak habitats because their 

higher competitive ability will enable them to settle in this preferred habitat (e.g. Both 

et al. 2005), while less explorative animals would have to settle in the lower-quality 

pine habitat. Alternatively, slow-explorers may instead perform better in the more 

competitive (here: oakwood) habitat, as recently documented in Great tits P. major 

(Nicolaus et al. 2016), leading to the opposite prediction.  
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Because behaviour may affect life history decisions, hence breeding success, in 

a number of different ways, we quantified the pathways relating habitat type, 

behavioural phenotypes and reproductive success (e.g. Mutzel et al. 2013), and 

thereby aimed to reveal the mechanisms by which selection acted on behavioural 

strategies in each of the two habitats. We considered the following pathways by which 

exploration tendency and provisioning behaviour translated into reproductive success 

(Figure 1). First, we expected a negative effect of lay date on brood size (path 1, Figure 

1; e.g. Lambrechts et al. 2004), and brood size, in turn, to positively affect exploration 

behaviour (path 3, Figure 1), provisioning effort (path 4, Figure 1; Wright & Cuthill 

1990) and number of fledglings (path 6, Figure 1; Perrins 1965; Nur 1984), while 

negatively affecting fledgling weight as feeding frequency per nestling typically 

declines with increasing brood size (path 9, Figure 1; Nur, 1984). Second, females in 

high-quality territories typically lay earlier in the season than those breeding on low-

quality territories (Lambrechts et al. 2004), so we expected lay date to be advanced in 

the oakwood compared to the pinewood, and earlier lay date to affect exploration 

behaviour (path 2, Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hypothesized path model that we parameterized for Blue tits using the data collected for both 

habitats (oak and pinewood data combined). One-headed arrows indicate the direction of hypothesized 

causal links. Path numbers are given in circles. 
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Exploration behaviour has, furthermore, been shown to positively affect 

foraging ability (Verbeek et al. 1994; Herborn et al. 2010) and may thus positively 

affect nestling provisioning rates (e.g. Roulin et al. 2010; Patrick & Browning, 2011; 

Schuett et al. 2012; Mutzel et al. 2013). Increased foraging is also required when 

feeding larger broods. We therefore hypothesized a bidirectional pathway linking 

exploration behaviour and provisioning rate (path 5, Figure 1). Provisioning rates 

should increase reproductive success (paths 7 & 10, Figure 1; Clutton-Brock 1991). We 

therefore expected mean feeding rates to be lower in the pinewood due to lower food 

availability, resulting in a lower number and body condition of fledglings in this habitat. 

We also considered direct links between exploration behaviour and the number and 

condition (i.e. mass) of fledglings, due to it may also explain breeding success (paths 8 

& 11, Figure 1). Finally, we investigated whether the paths differed quantitatively 

between habitats, which would be expected if fast explorers were favoured in one but 

slow explorers in the other habitat. 

 

METHODS 

Study area and field data collection 

The fieldwork was conducted in Quintos de Mora (Toledo province, central Spain, 39o 

24´ 23´´ N, 4o 4´ 19´´ W) during the 2014 breeding season. A total of 200 nest boxes 

were distributed over two study plots (100 nest boxes each). One of the study plots 

(Camino del Azafranal) was located on a hillside dominated by Maritime pine, including 

some widespread Pyrenean oaks, and Holm oaks (Quercus ilex). The other study plot 

was located in a valley (Barranco de Gil-García) dominated by Pyrenean oak. The two 

study plots were 775 meters apart (Supplementary Figure S1).  

Nestboxes occupied by Blue tits (34 Blue tit breeding pairs in the oakwood, and 

47 breeding pairs in the pinewood) were checked from early April to late June to 

record first-egg date (1=1 April), clutch size, hatching date and the number and 

condition of fledglings. Breeding adults were caught at the nest while feeding when 

their offspring were eight days old and sexed based on the presence (females) or 

absence (males) of a brood patch (Svensson 1992). All birds were ringed with a metal 

ring and a numbered coloured band; at capture, we measured tarsus length (to the 
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nearest 0.01 mm) with a digital calliper, and weighted body mass with an electronic 

portable balance (to the nearest 0.1 g) following a protocol similar to that described by 

(Perret 2004). When nestlings were 13 days old, they were banded and measured in 

the same manner as the adults.  

 

Exploration behaviour 

Exploration behaviour was measured using a cage test adapted from the “classic novel 

environment test” (Verbeek et al. 1994; Dingemanse et al. 2002; Mutzel et al. 2013; 

Stuber et al. 2013; See Supplementary material, Figure S2). Birds were captured inside 

the nestbox when feeding their nestlings (see above), and immediately transported to 

an exploration cage mounted on trestle scaffolds (Supplementary picture S1). The 

subject was recorded for 5 min with a video camera (Sony Handycam HDR–XR500V; 

Sony Corp., Tokyo, Japan) placed 1.5 m in front of the cage. An individual’s movements 

between different cage locations were later scored from videos with an event recorder 

(JWatcher v. 1.0; Blumstein et al. 2006). The total number of hops and flights within 

and between different locations was used as a proxy for exploration behaviour 

following the classic procedure outlined for Great tits (Parus major) detailed by 

Dingemanse et al. (2002) and adapted by Stuber et al. (2013) for small cages. In total 

we conducted 66 “novel environment” cage tests (31 individuals from the Oakwood 

and 35 from the pinewood). 

 

Parental provisioning behaviour 

Parental provisioning effort was measured using video recordings taken when nestlings 

were 10–11 days old. Handycams (Sony HDR–XR550V; Sony Corp., Tokyo, Japan) were 

placed inside a wooden enclosure fixed to the back of the nest box facing the entrance 

hole to allow filming of the adults while entering. Birds were identified from their 

colour bands. To habituate the birds to this device, the original nestbox was replaced 

with the model adapted to the video camera 1 day prior to filming. In our study area, 

all nestboxes are protected from predators (small-spotted genet Genetta genetta and 

stone marten Martes foina) with PVC pipes fixed to the hole-entrance. Feeding activity 

(n = 40 nests) was videotaped for 150 min between 08:30 and 11:30 h. Provisioning 
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behaviour was videotaped for 36 breeding pairs. The number of feeding events within 

this period was taken as an estimate of parental effort during the brood-rearing phase. 

The first half-hour of recording was discarded as birds took time (10–20 min) to 

resume feeding activity after the disturbance that the video camera installation 

entailed. The following 60 min were analysed with Adobe PREMIERE ELEMENTS 7.0, as 

software package that allows slow-motion and frame-by-frame playback.  

 

Statistical analysis 

We divided our statistical analyses into three steps. First, we studied the differences 

between the two populations in terms of life history and behaviour. As a second step, 

we determined hypothesized relationships between the behaviours and life history 

traits (detailed above). Then, as a third step, we determined whether the role of 

exploration behaviour in mediating life history variation was different between the 

two habitats.  

To determine the differences in mean behaviour and life history between the 

two populations, we fitted various univariate linear models with, respectively, 

exploration behaviour, feeding rate, lay date, brood size, the number and mass of 

fledglings fitted as response variables and habitat type as a fixed-effect factor. We 

determined the relationships between behaviour and life history traits using a series of 

linear models summarized in a path diagram (GLMs; Figure 1). Each a priori 

hypothesized pathway was fitted as part of linear model (see Supplementary material, 

Table S1), which allowed us to estimate hypothesized pathways as partial regression 

coefficients between two variables while simultaneously controlling for effects of all 

other variables in the model (Grace 2006). We performed 6 models to estimate the 

different hypothesized pathways. First we studied the effect of lay date (fixed effect; 

path 1) on brood size (Figure 1; path 1). Then we studied how lay date (fixed effect; 

path 2) and brood size (fixed effect; path 3) affected the pair’s average exploration 

behaviour (model 2). We then proceeded to investigate the effect of brood size (fixed 

effect; path 4) on the pair’s average feeding rate (model 3). We hypothesized a 

relationship between exploration behaviour and feeding rate, but this relationship may 

not be causal, therefore we modelled it as a correlation. To model this non-causal 
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relation we used a bivariate model (4) and fitted both, exploration and feeding rate as 

response variables to estimate their correlation (path 5). Finally we studied the effect 

of brood size (fixed effect; path 6), feeding rate (fixed effect; path 7) and exploration 

(fixed effect; path 8) on the number of fledglings in a nest (model 5). Importantly, this 

model (5) allowed us to estimate the effect of exploration and feeding rate on the 

number of fledglings while controlling for the effect of brood size in the number of 

fledglings. Similarly, we studied the relationship between brood size (fixed effect; path 

9), feeding rate (fixed effect; path 10) and the pair’s average exploration score (fixed 

effect; path 11) on the mass of the fledglings in a nest (model 6). Finally, as a last step, 

we studied if the behaviours have a different role in mediating the life history variation 

in the different habitats. For this we fitted an extended version of models 5 and 6 that 

included interaction terms between brood size and habitat, feeding rate and habitat, 

and exploration and habitat; doing so enabled us to determine if the effects of these 

factors on number of fledglings and mass of the fledglings were different in the two 

habitats. All variables were standardized to two standard deviation units, so they are 

comparable across traits and models. 

All linear models (detailed above) were fitted using a Bayesian framework 

implemented in the R-package (R Core Team 2015) MCMCglmm (Hadfield 2010). Uni- 

and bi-variate models were run for 305000 iterations per model, from which we 

discarded the initial 5000 (burn in period). Each chain was sampled at an interval of 

300 iterations, which resulted in a low autocorrelation among thinned samples (<0.05). 

Posterior means and 95% credible intervals were estimated across the thinned 

samples for the mean effects (fixed effects) and (correlations). Fixed effect priors were 

normally distributed and diffuse with a mean of zero and a large variance (100). 

Different priors were used for the variance-covariance matrices, the results presented 

in the paper correspond to an inverse gamma prior; posterior distributions were 

robust to reasonable prior variation. 
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RESULTS  

Habitat differences 

There was a significant difference between the mean exploration score of the two 

habitats (Table 1): Blue tits in the oakwood were faster explorers than Blue tits in the 

pinewood. GLMs also supported a marginally non-significant effect of habitat on lay 

date (Table 1), where oakwood females tended to lay eggs 3 days earlier compared to 

females laying in the pinewood. We did not find any evidence that habitats differed in 

feeding rates, brood size, and weight or number of offspring (Table 1).  

 

Table 1. Mean values for behaviours and life history traits for the oak and pinewood populations. 

Presented are the mean and credible intervals extracted from Bayesian linear models. We also present a 

Bayesian p value which reflects the probability that the differences between the two populations are 

zero. We also provide the sample size for each population. Bold type indicates significant variables, i.e. 

variables for which their unconditional 95% confidence interval (CI) did not cross zero. 

*We used the mean value of both parents caught at the same nest as those data may not be independent. 

 

Path analyses 

We found that lay date tended to negatively affect brood size, but it did not affect 

exploration behaviour (paths 1 & 2, Figure 2ab; Table 2). Brood size affected feeding 

rate (path 4, Figure 2ab; Table 2) and fledgling number directly and positively (path 6, 

Figure 2a; Table 2), while it showed a significant direct relationship with neither 

exploration behaviour (path 3, Figure 2ab; Table 2) nor with fledgling mass (path 9, 

Figure 2b; Table 2). Exploration behaviour and feeding rate were strongly positively 

correlated, suggesting that bolder pairs fed their offspring more often, that higher 

Trait Oak 

mean (95% CI)  

Pine 

mean (95% CI)  

Bayesian  

p. value 

n. oak 

 

n. pine 

 

Lay date 7.44 (4.90, 9.93) 10.7 (8.46, 12.84) 0.058 17 23 

Brood size 7.23 (5.86, 8.78) 6.77 (5.69, 7.88) 0.65 17 23 

Feeding rate* 11.5 (8.38, 14.66) 13.65 (11.08, 16.13) 0.30 13 23 

Exploration* 59.54 (50.55, 68.59) 44.5 (37.41, 51.31) <0.01 17 23 

Fledgling number 7.22 (5.64, 8.80) 6.68 (5.48, 7.86) 0.53 17 23 

Fledgling mass 9.94 (9.58, 10.30) 10.09 (9.81, 10.36) 0.55 17 21 
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feeding rate increased exploration score, or that an environmental factor affects both 

traits simultaneously (path 5, Figure 2ab; Table 2). Higher feeding rate showed a trend 

to reduce fledgling number but did not have an effect on fledgling mass (paths 7 & 10, 

Figure 2ab; Table 2,). Moreover, fast explorers produced more fledglings (path 8, 

Figure 2a; Table 2), while exploration behaviour did not affect fledgling mass (path 11, 

Figure 2b; Table 2).  

 

Figure 2. Paths in when modelling fledging number (a) and fledging mass (b). One-headed arrows 

indicate the direction of hypothesized causal links. Path numbers are given in circles. Grey circles with 

continuous lines indicate strong support (p<0.05), grey circles with dashed lines indicate some support 

(0.05<p<0.10) and white circles indicate non-supported paths. 

 

There was considerable overlap in the credible intervals of all paths when 

estimated for the oak and pinewood separately (Table 3). This implied that we could 

not demonstrate habitat-specific paths. The distribution of lower and upper 95% 

credible intervals suggested that this lack of habitat differences was genuine for some 

paths but represented a type II statistical error for others. Specifically, brood size 

affected positively, and similarly, fledging number in both habitats (path 6; Table 3). By 



Chapter III 

116 

 

contrast, feeding rate negatively affected the number of fledglings in the pinewood but 

not in the oakwood (path 7; Table 3), when controlling for brood size. Similarly, 

exploration behaviour positively and significantly affected fledgling number in the 

pinewood but not in the oakwood (path 8; Table 3). Notably, estimates for path 7 and 

8 were neatly centred on zero for the oak habitat, suggesting that the lack of statistical 

evidence for habitat-specific paths may well have represented a type II statistical error, 

particularly because those paths were significant in the pine habitat. None of the other 

paths were significant when analysed separately for the two habitats, and therefore 

also did not differ between the habitats (paths 9–11; Table 3). 

 

Table 2. General path coefficients for the hypothesized relations between behaviours and life history 

traits for the two populations of Blue tits (full dataset). Presented are the mean and credible intervals 

extracted from Bayesian linear models. We also present a Bayesian p value which reflects the probability 

that the effect size is zero. We also provide the sample size. Bold type indicates significant variables, i.e. 

variables for which their unconditional 95% confidence interval (CI) did not cross zero. 

 

Model Path Effect size Bayesian p value n 

1 (1) Lay date → brood size –0.14 (–0.29, 0.00) 0.072 40 

2 (2) Lay date → exploration –0.01 (–0.04, 0.02) 0.42 40 

2 (3) Brood size → exploration 0.27 (–0.08, 0.61) 0.12 40 

3 (4) Brood size → feeding rate 0.48 (0.18, 0.78) < 0.01 36 

4 (5) Exploration ↔ feeding rate 0.67 (0.08, 1.00) < 0.01 36 

5 (6) Brood size → fledging number 1.00 (0.94, 1.06) < 0.01 36 

5 (7)Feeding rate → fledging number –0.07 (–0.13, 0.00) 0.056 36 

5 (8) Exploration → fledging number 0.06 (0.00, 0.12) 0.046 36 

6 (9) Brood size → fledgling mass –0.20 (–0.70, 0.26) 0.13 34 

6 (10) Feeding rate → fledgling mass 0.33 (–0.08, 0.73) 0.43 34 

6 (11) Exploration → fledgling mass –0.03 (–0.41, 0.39) 0.87 34 

 

 

 

 



Chapter III 

 

117 

 

Table 3. Habitat-specific path coefficients for the hypothesized relations between behaviours and life 

history traits in the two populations of Blue tits. Bold type indicates significant variables, i.e. variables 

for which their unconditional 95% confidence interval (CI) did not cross zero. 

 

 

DISCUSSION 

This paper evaluated how behaviour mediated the effect of the environment on 

behavioural and life history traits. Our results demonstrate that Blue tits showed 

different behavioural patterns between habitats. Mean exploration behaviour was 

significantly higher in the oakwood, supporting the idea that higher exploration rates 

may benefit Blue tit parents to select a better place to breed, or that they are 

plastically responding to some environmental factor affecting their exploration 

behaviour. In terms of reproductive success, fast explorers performed better in the 

pinewood, leading to the idea that individuals forced to breed in the low quality 

habitat may have adaptively adjusted their behaviour to buffer these less auspicious 

environmental conditions. Feeding rate, after controlling for brood size, appeared to 

have a negative effect on the number of fledglings when breeding in the pinewood. 

 

Spatial variation in behaviour and life-history traits 

Exploration behaviour was significantly different in the two studied Blue tit 

populations. Blue tits may be differentially well adapted to the deciduous or the 

evergreen forests environments, and their behavioural response to habitat 

Path Oak Pine 

 Effect size Effect size 

(6) Brood size → number of fledglings 0.93 (0.80, 1.00) 1.03 (0.94, 1.10) 

(7) Feeding rate → number of fledglings 0.00 (–0.14, 0.13) –0.10 (–0.18, –0.01) 

(8) Exploration → number of fledglings 0.00 (–0.16, 0.13) 0.10 (0.01, 0.16) 

(9) Brood size → fledgling mass –0.09 (–0.76, 0.67) –0.23 (–0.89, 0.40) 

(10) Feeding rate → fledgling mass 0.11(–0.63, 0.91) 0.40 (–0.17, 1.08) 

(11) Exploration → fledgling mass –0.21(–0.87, 0.54) 0.07 (–0.49, 0.58) 
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heterogeneity depends on the size, structure and geographical configuration of habitat 

patches within landscapes (Blondel 2007). At the same time, our results imply that 

there were no significant differences in lay date between the habitats, though we had 

observed the expected earlier lay dates in the oakwood in previous breeding seasons 

in our populations. Inter-annual and habitat variations in early spring temperature, 

which predicts the timing of the peak in food availability (Charmantier et al. 2008), 

may be more or less intense, thus explaining that this pattern may vary among 

breeding seasons. As our sample sizes were relatively modest, an alternative 

explanation is that our inability to detect this relationship might have reflected a type 

II statistical error. 

 

Differential patterns of behaviour  

We expected a negative pathway linking lay date with brood size, to provide support 

for the hypothesis that females initiating egg laying earlier are the ones that also had 

larger broods, due to fitness consequences of variation in timing of reproduction and 

the mechanisms underlying seasonal decline in reproductive performance (García-

Navas & Sanz 2011; reviewed in Verhulst & Nilsson 2008). We think that this 

relationship was only weakly supported due to lack of power (type II error). Also, 

parents feeding larger broods increase their feeding rates and adjust their provisioning 

effort (Wright et al. 1998), a relation that is clearly demonstrated by our results. 

Moreover, and according to our expectations, higher fledging production was 

positively correlated to larger broods.  

On the one hand, exploration behaviour and feeding rates were strongly 

correlated, which is in line with previous suggestions that exploration behaviour 

affects parental care (Both et al. 2005; Roulin et al. 2010), while on the other hand, 

reinforcing our idea about an adjusting effect in exploration behaviour depending on 

the required feeding effort. Moreover, environmental factors not measured in this 

study may have affected both exploration behaviour and feeding rates, causing a 

correlation between them. Nicolaus et al. (2015) has also shown that fast explorers 

cope better with brood size enlargement, presumably because they invest more into 

current brood, which would support these findings. By contrast, studies such as Patrick 
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& Browning (2011) for both parents of Great tits, and Mutzel et al. (2013) for male 

Blue tits, reported no association between the exploration and provisioning behaviour 

of Blue tits. These studies suggested that feeding rate may be influenced by other 

aspects not included in our analyses, such as the amount of food brought (Wright et al. 

1998), or the distance covered while foraging (Stauss et al. 2005). Following the 

previous suggestion, the tendency of a reduction in number of fledglings linked to 

higher feeding rates found in this study could be explained by low quality prey types or 

small prey sizes provided by parents in this type of (suboptimal) habitat. To rear higher 

numbers of chicks may be demanding, reducing the time available to search for better 

food items and, therefore, compromising chick’s survival. However, this assumption 

should be tested through specific analyses of prey size and type provisioned to 

offspring. 

Breeding success in the year of the study was relatively high, indicating that the 

caterpillar peak matched well with nestling feeding necessities. Faster explorers 

achieved better breeding success in terms of number of fledglings, which confirms the 

hypothesis that under favourable environmental conditions, fast explorers might 

forage more efficiently than slow-exploring birds (Dingemanse et al. 2004; Mutzel et al. 

2013), provisioning their chicks at higher rates or with better quality food.  

 

Effects of behaviour in life history traits depending on the habitat type 

Our analyses of habitat-specific paths provided  evidence that selection pressures on 

personality were occurring in our populations, but some effects were only present in 

the pinewood while remained absent in the oakwood. First, brood size affected 

fledgling success similarly and positively in both habitats. This may suggest that the 

maintenance of chicks during their development was equally well accomplished by 

Blue tits in the two populations, which may have adjusted brood size accurately to the 

current spring food availability. On the other hand, feeding rate was clearly negatively 

associated with breeding success in the pinewood, while not in the oakwood. Based in 

our own observations in the field, caterpillars seemed to be smaller in the pinewood 

(Serrano-Davies, personal observation). This strongly suggests that despite trying to 

compensate the lack of larger or more preferred preys in the low quality habitat, the 
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increase of feeding rates did not produced higher number of fledglings. Conversely, 

Blue tits in the pinewood paid the cost of providing the chicks with other types or 

smaller preys by weakening breeding success. Moreover, the effect of exploration 

behaviour on reproductive fitness was not significantly different between the habitats. 

However, fast explorers in the pinewood significantly achieved a better breeding 

success (i.e. number of fledglings), while there was no effect in the oakwood. As the 

effect size for the oak wood was neatly centred on zero, we interpret the lack of 

significant differences between the habitats as a type II statistical error. Whether or 

not this was the case, clearly, fast-explorers produced a higher number of fledglings in 

the less competitive environment (pinewood) which supports the “pace-of-life” 

hypothesis, that fast exploration may be detrimental at high densities (Nicolaus et al. 

2016). 

We hypothesized two alternative behavioural-related scenarios, but we suggest 

that a combination of both may explain the observed patterns in our Blue tit 

populations. The observed patterns of behaviour-related habitat performance 

suggested that individuals may be buffering the habitat related differences in 

environmental quality by means of behaviour, avoiding their possible breeding success 

impact. Thus, this would represent the “combined scenario”. As more explorative 

animals were more abundant in the oak habitat, whereas slow exploring individuals 

were more common in the pine habitat, we suggest that because of their higher 

competitive ability in the preferred habitat, slower Blue tits are relegated to the low 

quality habitat by fast explorers. 

The present study investigated the phenotypic correlations between individuals 

recorded during a single breeding season, thus the paths estimated in this paper may 

or may not represent long-term relationships (Dingemanse & Dochtermann 2013). In 

addition, a huge sample size would be required to demonstrate these correlations with 

sufficient statistical power, and our data do not permit assessment of whether the 

reported relationships were provoked by differential settlement versus phenotypic 

plasticity.  

Our study highlights the paths by which habitat type and exploration behaviour 

were influencing reproductive success. Blue tits may be differentially well adapted to 
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the deciduous or the evergreen forests. Their behavioural response to habitat 

heterogeneity depends on the size, structure and geographical configuration of habitat 

patches within landscapes (Blondel 2007). This response may be mediated by either 

reversible and/or irreversible phenotypic plasticity, since most plastic traits fall in 

between the two extremes of being irreversible (a single genotype can develop very 

different phenotypes depending on the environment during development) or being 

instantaneously reversible (Gabriel et al. 2005). It can also be caused by local 

specialisation, which could result both from genotype-specific habitat matching or 

natural selection (Edelaar & Bolnick 2012). These options might explain the pattern of 

(apparent) directional selection found in one of our populations, so it would be 

necessary to test the genetic differences between them, or to perform experiments 

(e.g. translocation, supplementary feeding, etc.) that could enlighten the driving force 

that produces these divergences. 
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SUPPLEMENTARY MATERIAL  

 

Table S1. Fixed effect structure of the series of general linear models implemented per habitat type to 

estimate path detailed in Figure 1 of the main text.  

 

Model number Response variable Fixed effects  Estimated paths 

1 Brood size Lay date 1 

2 Exploration behaviour 
Lay date 

Brood size 
2, 3 

3 Feeding rate Brood size 4 

4 
Exploration behaviour 

Feeding rate 
– 5 

 

5 Fledgling number 

Brood size 

Feeding rate 

Exploration behaviour 

6, 7, 8 

 

6 Fledgling mass 

Brood size 

Feeding rate 

Exploration behaviour 

9, 10, 11 

 

 

Figure S1. Field site showing the spatial location of nestboxes. The 100 nestboxes on the right-hand side 

were in the Pinewood (black squares), and 100 nestboxes on the left-hand side were in the Oakwood 

(black circles). The two lots were 775 meters apart. 
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Figure S2. Diagram of the experimental cage in which we recorded the exploration behaviour of 

breeding Blue tits. On the right wall, a sliding door connected the holding room (13 L × 10 W × 12 H cm) 

to the experimental room. The front wall was made of metal bar grating; all other walls were plywood. 

The cage contained 6 wooden perches (thick grey lines). For video analysis of movement, the cage was 

divided into zones (dotted lines) to determine movements between locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

CHAPTER IV 

Foraging strategies, innovativeness and personality variation among wild 

birds temporarily taken into captivity 
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Cover picture chapter IV.   Wild Great tit kept into the aviary (Author: Roger Colominas) 

This chapter reproduces entirely the manuscript:  

Serrano-Davies, E., O’Shea, W., Quinn, J.L. Foraging strategies, innovativeness and personality variation 

among wild birds temporarily taken into captivity. (In preparation). 
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ABSTRACT 

Personality and cognitive variation are predicted to drive important functional 

behaviour that can lead to alternative life history strategies within populations. For 

example the tendency to innovate - thought to be trait composed of personality and 

cognitive components - and the reactive-proactive personality axis have been linked to 

foraging behaviour but their role in driving intake rate and food selectivity remains 

unclear. We conducted standardized assays on wild-captured Great tits, Parus major, 

from different habitats to characterize individual variation in exploratory behaviour (an 

index of the reactive-proactive axis) and innovative problem-solving performance, 

both of which are repeatable and have been linked to foraging behaviour. During trials 

birds of known exploration behaviour were provided with three different types of 

food, in order to detect any diet preference, and daily energy intake was measured. 

There was no link between exploration behaviour and the amount of calories ingested. 

However bolder Great tits consumed a higher proportion of sunflower seeds, while 

slower individuals preferred peanuts. Problem solving performance showed a 

significant positive correlation with energy intake for those birds that solve twice. 

Related to habitat types, birds from the coniferous patches ate more peanuts thought 

mealworms eaten were marginally higher in those from the deciduous plots. Also, 

birds coming from the coniferous sites had a higher energy intake than those from the 

deciduous sites; however they also lost more weight on average. Our results evidence 

the relationship between exploration behaviour and foraging performance in captivity 

and contribute to the idea that birds may follow alternative foraging strategies, but 

obtaining the same energy intake. 
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INTRODUCTION 

Finding food and ingesting nutrients are the most fundamental behaviours in the 

natural world, and thus natural selection is expected to favour organisms that do so 

optimally (Pyke 1984; Stephens & Krebs 1986). Nevertheless individuals vary in how 

they acquire nutrients, potentially leading to effects on foraging efficiency and fitness 

(Partridge 1976; Burskirk et al. 1989; Bolnick et al. 2003). Many of these differences 

are explained by state; for example, foraging performance is well known to be 

influenced by age (Richardson & Verbeek 1987; Heise & Moore 2003; Black et al. 

2006), sex (Pagani-Núñez & Senar 2013; Navalpotro et al. 2016) and body size (Alatalo 

& Moreno 1987; Spaethe & Weidenmüller 2002; Ings et al. 2005).  However individual 

differences in foraging may also arise because of constraints on plasticity caused by 

correlations with other traits, giving rise to personality axes of variation or behavioural 

syndromes, which may reflect alternative strategies, the adaptive value of which 

depends on environmental conditions (DeWitt et al. 1998;  Gosling 2001; Bolnick et al. 

2003; Dall et al. 2004; Sih et al. 2004). Over the last 15 years much focus in the field 

has been on a limited number of key personality traits that are easily measured, e.g. 

aggression, sociality, boldness, and exploratory behaviour. The pattern that has 

emerged is that far from being highly plastic, differences among individuals in these 

traits can be highly consistent over long time periods, they can be heritable, and they 

can predict correlations at phenotypic and genetic levels among all kinds of, 

sometimes surprising behavioural traits (Dingemanse et al. 2002, 2004; Dall et al. 

2004; Oers et al. 2004; Charmantier et al. 2008; Quinn et al. 2009; Wetzel et al. 2012). 

However the extent to which foraging strategies might be constrained by these 

personality axes of variation still remains unclear. 

One of the most prominent theories linking foraging to personality is the “pace 

of life” syndrome (POLS). While some individuals prioritise reproduction over survival, 

others do the opposite, leading to individual variation that may be adaptive across a 

landscape of variable predation risk and food availability (Bolnick et al. 2003; Dall et al. 

2004; Sih et al. 2004; Réale et al. 2010; Wolf & Weissing 2010). Furthermore the 

reactive-proactive personality axis is thought to reflect individual differences in pace of 

life. Not only does this axis capture variation among a whole range of behaviours 



Chapter IV 

136 

 

including dispersal (Dingemanse et al. 2003; Quinn et al. 2011), promiscuity (Oers et al. 

2008; Patrick & Browning 2011) and social dominance (Dingemanse et al. 2004; Cole & 

Quinn 2012), it also predicts behaviour linked to foraging. For example, exploration 

behaviour, an index of the reactive-proactive axis, predicts how individuals manage 

predation risk when foraging, (Oers et al. 2004; Quinn & Cresswell 2005; Arnold et al. 

2007; Wolf et al. 2007; Quinn et al. 2012),  competitive foraging ability (David et al. 

2011; Riebli et al. 2011; Cole & Quinn 2012), foraging flexibility and whether 

individuals forage in a routine like manner (Verbeek et al. 1994). Hence, alternative 

strategies may also arise (Bolnick et al. 2003) due to slow individuals are more ready to 

change their searching patterns, whereas fast ones tend to maintain the search routine 

they had previously learned (Verbeek et al. 1994; Drent & Marchetti 1999). 

Traits such as food tracing (Marchetti & Drent 2000) or foraging rates (Mutzel 

et al. 2013) on captive and free-ranging populations, have been correlated by a 

positive relationship with the proactive–reactive axis (i.e. exploratory behaviour), with 

bolder individuals searching more actively for food and having higher foraging rates, 

respectively. Also, there is wide evidence that the proactive–reactive axis is associated 

with metabolic rate (Careau et al. 2008; Bouwhuis et al. 2014), where fast explorers 

show lower metabolic rate than slower individuals, and energy intake rate (Davies 

1977; Wansink & Tinbergen 1994; Wilson et al. 2015), which are closely related to 

foraging behaviour performance.  

However, the extent of research to which personality is associated with 

foraging levels in the POLS context remains poorly understood, and only a few studies 

address this question. For example, Le Galliard et al. (2013) addressed the idea that 

more proactive individuals must perform better during foraging and territorial defence 

to support the energetic demands of their behavioural strategy by measuring 

exploratory behaviour, locomotion and metabolic rates in the common lizard (Zootoca 

vivipara), which findings support co-adaptation between exploration thoroughness 

and energetic along a slow-fast demographic continuum. Also, David et al. (2012) 

found four personality traits (activity, exploration, risk-taking behaviour and 

neophobia) to be positively correlated with feeding motivation in the zebra finch 

Taeniopygia guttata), therefore implying that higher motivation to feed might then be 
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a behavioural mechanism favouring higher, and possibly opportunistic, food intake in 

proactive individuals, and as a consequence may positively affect growth rate and 

productivity. Nevertheless, to our knowledge, there is no previous study addressing 

the influence of personality on foraging strategies related to prey selectivity. In this 

context, reactive-proactive axis suggests that bolder reactive individuals may select 

food types that they can easily recognize or those easier to eat, due to their routine 

performance, while slower reactive individuals may be more efficient in recognising 

more profitable food types and to be more prone to use new food types. 

The implications of individual cognitive variation for adaptive behaviour is also 

attracting increasing attention (see Morand-Ferron et al. 2015a and references 

therein). For example spatial memory has long been known to be an important 

element of foraging success in food-storing and non-storing birds (Shettleworth & 

Westwood 2002; Shettleworth 2003). Isolating the cognitive component of variation in 

these kinds of traits is extremely challenging, however, and some researchers have 

instead focused on composite traits. For example innovativeness - where individuals 

feed on novel food types or adopt new foraging techniques - is likely driven by 

cognition (Roth & Dicke 2005; Lefebvre 2011; Reader et al. 2011; Morand-Ferron et al. 

2015b) and personality (Morand-Ferron et al. 2011). On the one hand while 

innovativeness is negatively correlated with competitive ability due to apparently 

lower dominance when competing for limited food source (Cole & Quinn 2012), it also 

is positively correlated with the diversity of food ingested and intake. Innovative 

problem-solving performance influences foraging (Oers et al. 2004; Quinn et al. 2009; 

Cole & Quinn 2012; Quinn et al. 2016), and it is not only thought to allow individuals 

increase their food intake or enhance their feeding efficiency (Reader & Laland 2003; 

Morand-Ferron & Quinn 2011); it has been viewed as an alternative foraging strategy 

that helps some individuals avoid costs associated with intense competition (Bolnick et 

al. 2003) . However the extent to which innovativeness actually does improve foraging 

success or whether it simply represents an alternative strategy remains unclear. 

In this paper, we test whether individual foraging behaviour variation is 

associated with personality and innovative problem solving performance. Due to the 

pace of life productivity hypothesis, we predicted a positive correlation between 
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exploration behaviour and intake rate under controlled conditions. Also, Great tits 

generally lose weight over the course of captivity, which leads to the prediction of a 

negative correlation between exploration behaviour and weight loss. Given the link 

between proactivity and reactivity, we also predicted a negative correlation between 

exploration behaviour and diet diversity and food selection, since fast explorers are 

more routine-like in their behaviour. With respect to innovativeness, given that 

innovativeness is expected to allow individuals exploit a wide range of food types and 

utilise a wide range of foraging techniques, we expected solvers to have greater food 

diversity and foraging intake rate. In addition, we tested whether the tendency to 

innovate increased the ingestion of better quality but difficult to handle food items. 

Finally, we also expected that food preferences are likely influenced by the 

habitats individuals live in, either because of the kinds of foods prevalent in those 

habitats, or because of intrinsic differences in metabolism linked to for example stress 

(Suorsa et al. 2003). We captured wild Great tits in two contrasting habitats, conifer 

and mixed-deciduous woodland, and expected that this could influence food 

preferences during trials in captivity.   

 

METHODS 

Study site and population 

This study was carried out on 8 nestbox populations of Great tits located in Co. Cork, 

Ireland (51° 46’ N, 1° 20’ W). Five of these contained predominantly deciduous tree 

species including: Oak (Quercus robur), Beech (Fagus sylvatica), Ash (Fraxinus 

excelsior), Spanish chestnut (Castanea sativa) and Sycamore (Acer pseudoplatanus). 

The remaining three sites contained predominantly mature and young conifer trees, 

including Sitka spruce (Picea sitchensis), Lodgepole pine (Pinus contorta), Japanese 

larch (Larix kaempferi) and Douglas fir (Pseudotsuga menziesii). 

Using mist nets we trapped birds at feeders located in several areas throughout 

the woods from January to March 2015, and took them into captivity where their 

exploration behaviour and problem-solving performance were assayed. All birds were 

provided with a unique British Trust for Ornithology (BTO) metal leg band on one leg, 

and a passive integrated transponder (PIT) tag attached to a moulded plastic ring on 
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the other leg. Birds were aged (less than one year old or older than one year) and 

sexed based on plumage characteristics (Svensson, 1992). Birds were transported to an 

aviary located in University College Cork within two hours of trapping.  Biometrics was 

recorded for each individual: wing length (mm), tarsus length (mm), and body mass (g) 

just before being housed, and again just before being returned to the wild. All ringing 

activity was carried out under license from the BTO and National Parks and Wildlife 

Service (NPWS) Ireland, and all birds were subsequently released at the site of capture 

within 5 days.  

 

Captive assays 

In the aviary, subjects were housed in individual wire cages (45 x 50 x 60 cm) 

containing two wooden perches, two food bowls and a water bowl. An unset problem 

solving device and a dummy camera were also attached to the inside of the cage. All 

birds were visually but not acoustically isolated from one another and kept under a 

natural light regime. Up to 14 birds could be housed at once, with groups ranging 

between 3 and 14 birds during the season. All birds were housed under license from 

the Health Products Regulatory Authority (HPRA), and the NPWS.  

Problem-solving performance: Innovative problem-solving performance 

(hereafter PSP) was assessed using a novel foraging task in their individual cages (see 

Cole et al. 2011). The device used consisted of a vertical transparent Perspex tube 

containing a platform baited with three waxworms (Galleria mellonella), which was 

supported by a horizontal lever. To solve the task birds had to remove the lever, 

causing the platform to drop and the waxworms to fall into a feeding dish. Birds were 

presented with the task on the first two evenings during their captivity period and 

their success was recorded the following morning (giving them three hours of daylight 

in which to attempt the problem). They were not food deprived during the trial, 

although the waxworm reward provided in the device was a highly preferred food 

source (Cole et al. 2011). At the end of the trials, birds were classified based on their 

success in the task (Non-solver = 0; Solved once = 1; Solved twice = 2). In a different 

population PSP is repeatable over time and correlates with two other problem solving 

tasks (Cole et al. 2011), suggesting that it may reflect individual general food-related 
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problem solving ability. In our population the trait is also repeatable and is related to 

competitive ability in captivity (O’Shea & Quinn, unpublished). Although PSP correlates 

with exploration behaviour in some years, it also correlates positively with associative 

learning (Morand-Ferron et al. 2015b), and thus is likely a composite trait that reflects 

both cognitive and non-cognitive processes.  

Exploration behaviour: On the morning after capture, birds also underwent an 

exploration behaviour (hereafter EB) assay as a measure of the reactive proactive axis 

(Verbeek et al. 1994). Each housing cage was connected to the novel assay room by a 

sliding trapdoor, so that birds could be moved between rooms without handling. The 

assay room was based on the design used in Verbeek et al. (1994). The trial began 

when the bird entered the room and lasted for 2 minutes. Throughout the trial, the 

number of flights and hops for each bird were recorded. Exploration scores were then 

expressed by the sum of all the movements recorded to each bird.  

 

Foraging behaviour 

The Great tit is omnivorous (Perrins 1998), though during cold winters in the 

temperate zone when the invertebrate food supply is limited (Pravosudov & Grubb 

1997), plant material represents the major component of the diet (Balen 1980; 

Vestjens 1983; Sasvári 1988; Otter 2007). To test the hypotheses that food intake and 

diet diversity are correlated with EB and PSP, and may depend on local food 

abundance in relation to habitat, subjects were fed a mixture of raw black sunflower 

seeds with shell (15g) -a high quality food item but hard to obtain- and dehusked raw 

peanuts (15 g) -a low quality but easy to obtain food item-, in one bowl and 

mealworms (Tenebrio molitor; 20 g) in another bowl, excluding periods of enforced 

food deprivation prior to certain behavioural assays. Individual food intake per day was 

measured by removing food bowls from the cages, along with any food items that had 

dropped to the bottom tray, twice per day every day each bird was in our aviary (5–7 

days). On each of the two occasions, the amount of each food type uneaten was 

weighed and subtracted from the total provided to give an estimate of the weight of 

food ingested during each intervening period; the sum across the periods provided the 

totals for the day.  
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Kilocalories consumed per bird in 24 hours (Kcal/day) was calculated using 

calorific values established in Gibb (1957): mealworms = 6.60 Kcal/gr, sunflower seeds 

= 6.12 Kcal/gr, peanuts = 7.18 Kcal/gr.  The contribution to total food intake provided 

by the PSP assay rewards, when solved, were also included in this measure (waxworms 

= 7.06 Kcal/gr). The diet diversity was calculated with the Shannon diversity index (H'= 

−∑ pi × ln pi), where pi is the calories supplied from every food category. Weight 

change per bird was calculated subtracting the weight measure on the day of capture 

from the weight on the day of release. Proportion of calories ingested per type of food 

in 24 hours (Kcal of seeds/24h, Kcal of peanuts/24h and Kcal of mealworms/24h) was 

also calculated per individual, and these proportions were arcsine-transformed to fit 

the normal distribution. 

 

Statistical analyses 

The analyses examining the link between foraging traits (prey types, diversity, energy 

intake and weight loss), EB and PSP were carried out using general linear models 

(GLMs) by means of ‘lm’ function in R v. 3.2.3 (R Development Core Team, 2016). Full 

models also included the factors habitat (coniferous/deciduous), age (juvenile/adult), 

sex (female/male), and the continuous predictors bird weight when captured (gr), 

tarsus length (mm), and date of housing, due to the possible effect of the seasonal 

pattern of temperature variation and food availability (Greño et al. 2007). We 

constructed and statistically compared the different models using the Akaike’s second 

order information criterion (AICc), which should be used instead of AIC when sample 

size is small in comparison to the number of estimated parameters (Burnham & 

Anderson 2002 recommend its use when n/K <40), as it was in our case. A stepwise 

backward deletion was used to select the most informative variables, which were 

included in a ‘minimal’ general linear model using the ‘stepAIC’ function from the 

MASS package in R. A 5% significance level was chosen as a threshold for the inclusion 

of the model variables. We subsequently tested the significance of multiple 

comparisons using the post hoc Tukey HSD test where necessary. For data on food 

proportions, estimates, 95% CIs, standard error, and p-values were estimated based on 

1000 bootstrap replicates, in order to circumvent problems associated with arcsine 
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transformation (Davison &Hinkley 1997; Warton & Hui 2011). Descriptive data are 

presented as means ± standard deviation; sample sizes vary because of missing values 

for some variables. 

 

RESULTS 

Prey choice and diversity 

Sunflower seed consumption increased through the winter (Figure 1, Table 1), and 

adults consumed a larger proportion of seeds (22.03 ± 2.34 %) than yearlings (16.70 ± 

2.08 %; Table 1). Exploration behaviour correlated positively with the proportionate 

consumption of sunflower seeds (Figure 2, Table 1; also see Supplementary material, 

Table S1 for full model). Twenty-six per cent of birds solved the task but there was no 

effect of PSP on the proportion of sunflower seeds in the diet (Table 1; also see 

Supplementary material, Table S1 for full model). Habitat type also did not predict the 

consumption of sunflower seeds. 

 

 

Figure 1. Relationship between the proportion 

of total daily calories consumed by captive 

Great tits and date from January to March 2015 

that came from sunflower seeds and peanuts. 

Date: 1 = January 1
st

. 

Figure 2. The effect of exploratory behaviour 

and the proportion of total daily calories 

consumed by Great tits that came from eating 

sunflower seeds. 
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The proportion of peanuts in the diet decreased over the course of the winter 

(Figure 1, Table 1), and correlated negatively with body weight at time of capture 

(Table 1; also see Supplementary material, Table S1 for full model). Exploration 

behaviour correlated negatively with the proportion of peanuts in the diet (Figure 3, 

Table 1), but there was no effect of PSP (Table 1). Also, birds from the coniferous 

patches ate a higher proportion of peanuts (29 %) than those from the deciduous 

patches (22 %; Table 1). The proportion of mealworms eaten was marginally higher 

among Great tits from the deciduous than the coniferous plots, but was unrelated to 

EB, PSP, and the other factors included in the model (Table 1; also see Supplementary 

material, Table S1 for full model). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scatterplot showing the effect of exploratory behaviour on the proportion of the total daily 

calories consumed by Great tits that came from peanuts. 

 

Diet diversity based on calories supplied by food items was higher in adults and 

male individuals (Table 1; also see Supplementary material, Table S1 for full model). 

However, there was no effect of EB or PSP. Also, it followed a quadratic relation with 

date of housing, peaking in late winter, and was negatively related with bird’s weight 

when captured. 
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Table 1. General linear models (GLM) of prey selectivity (proportion of calories supplied per type of food 

in 24 hours) and diet diversity. Minimal models selected by backward elimination of non-significant 

terms. Coefficients, standard errors (SE), Z values, confidence intervals (CI) and p-values from bootstrap 

procedure are shown.  

 Estimate SE Z Percentile 95% CI P 

Seeds       

Intercept – 0.073 0.036 – 2.023 – 0.144 – 0.005 0.043 

Age (yearling) 0.013 0.006 2.162 0.001 0.025 0.031 

Date 0.001 0.0003 2.583 0.00016 0.001 0.010 

EB 0.0003 0.0001 2.347 0.00005 0.001 0.019 

Peanuts       

Intercept 0.245 0.045 5.465 0.156 0.339 <0.001 

Habitat (deciduous) – 0.015 0.006 – 2.464 – 0.027  – 0.003 0.014 

Date – 0.001 0.0002 – 6.408 – 0.002 – 0.001 <0.001 

Weight – 0.007 0.002 – 3.048 – 0.012  – 0.003 0.002 

EB – 0.0003 0.0001 – 2.511 – 0.001 – 0.0001 0.012 

Mealworms 
      

Intercept 0.068 0.004 16.226 0.066  0.079 <0.001 

Habitat (deciduous) 0.008 0.005 1.833 –0.011 0.002 0.067  

Diversity       

Intercept 2.650  0.625 2.495 0.383   2.740 0.013 

Sex (male) 0.134 0.063 1.662 – 0.021   0.226 0.096 

Age (yearling) 0.139 0.057 2.067 0.006  0.225 0.039 

Date – 0.010 0.002 – 3.730 – 0.014 – 0.005 <0.001 

Weight – 0.059 0.031 – 2.120 – 0.126  – 0.005 0.034 

 

Energy intake 

Controlling for bird age, weight and tarsus, total Kcal intake per day changed with time 

and peaked in late winter around 4th and 7th of February (Figure 4; housing date effect, 

Table 2). There was a tendency for males to have a higher intake (mean ± 1SD = 60.75 

± 16.71 Kcal/day) than females (mean ± 1SD = 54.99 ± 17.92 Kcal/day, Table 2; also see 

Supplementary material, Table S2 for full model). 
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Figure 4. Seasonal variation in food intake (Kcal/24h) among Great tits temporarily brought into captivity 

(20=20
th

 January; quadratic regression: y = 9.2437+3.001*x-0.0413*x
2
).  

 

PSP showed a significant positive correlation with energy intake for those birds 

that solve twice (Figure 5; Table 2; also see Supplementary material, Table S2 for full 

model). Post hoc Tukey test reveals that this difference was only significantly positive 

between groups 0 and 2, (Tukey’s HSD: P = 0.028), but not between 0 and 1 (Tukey’s 

HSD: P = 0.653), not even between groups 1 and 2 (Tukey’s HSD: P = 0.131). EB was not 

correlated with daily energy intake (see Table S2 for full model). Energy intake differed 

among habitat types. Birds from coniferous sites had a higher energy intake (mean ± 

1SD = 62.08 ± 21.81 Kcal/day) than those from the deciduous sites (mean ± 1SD = 

55.60 ± 14.80 Kcal/day; Table 2 and see Supplementary material Table S2 for full 

model).  

 

Weight loss  

Housing date, age and sex did not predict weight loss during captivity. Neither EB nor 

PSP influenced weight loss significantly. The minimal model for weight loss only 

included habitat as a determinant factor (Table 2; also see Supplementary material, 

Table S2 for full model). Great tits from the coniferous forest patches lost more weight 

on average (mean ± 1SD = 0.88 ± 0.77 grams) than those from the deciduous forests 

(mean ± 1SD = 0.50 ± 1.03 grams), despite ingesting more calories.  
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Table 2. Results of general linear model (GLM) analyses of Total energy consumed (Kcal/24h) and 

Weight loss (weight when captured – weight before being released; gr). Minimal models selected by 

backward elimination of non-significant terms to improve models.  

 Estimate SE df Test P 

Kcal/24h      

Intercept 88.714 8.369 1 10.600 <0.001 

Habitat (deciduous) – 7.381 4.092 1 – 1.804 0.075 

Sex (male) 5.880 3.434 1 1.712  0.092  

Solver rate (0 vs. 1) 4.964 4.470 2 1.110 0.271 

Solver rate (0 vs. 2) 20.379 7.523  2.709 0.009 

Date – 0.428 0.161 1 – 2.660 0.010 

Error   66    

Weight loss       

Intercept 1.026 0.191 1 28.797 <0.001 

Habitat (deciduous) – 0.541 0.223 1 5.889   0.018 

Error   70    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Mean energy intake (Kcal/24h) and standard errors by PSP group among Great tits temporarily 

brought into captivity). 
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DISCUSSION 

Here, we provide evidence for a link between the personality trait ‘exploration 

behaviour’ and foraging performance in captivity, and that the link is at least partially 

state- and scale-dependent. Faster explorers consumed a higher proportion of 

sunflowers seeds, while slower Great tits included a higher proportion of peanuts in 

the diet. Also, we report differences in food selection depending on habitats. Birds 

wintering at the coniferous sites had higher energy intake than those from the 

deciduous; also, food selection was state-dependent because it was primarily present 

in males and varied with date. Moreover we found evidence for a higher energy intake 

relationship with problem solving performance (PSP). 

 

Individual variation in energy intake and foraging plasticity 

According to the hypothesis that fast birds prioritise foraging over safety, we expected 

bolder Great tits to eat relatively more food in terms of calories than slow explorers, 

and this to be translated into higher weight loss, but neither effect was observed. The 

quantity of food that we provided to birds (2 times* (20 grams mealworms + 15 grams 

sunflower seeds + 15 grams peanuts) = 100 grams/24 hours) and the time they were 

maintained in captivity (mean ± 1SD = 57 ± 12 hours) were more than enough to cover 

their feeding necessities and to get used to the new environment (see Gibb 1957). Due 

to the possible effect of these two captivity-related conditions, possible behavioural 

differences (bolder/shy) may have been minimized in terms of quantity of calories 

ingested, and therefore weight loss was neither correlated to personality in captivity.  

However, personality did influence preferences for types of food selected. 

Faster explorers consumed more sunflower seeds whereas slower individuals 

consumed more peanuts in their diet. Although there is almost no difference in the 

energy provided by these two food types (seeds: 6.14 Kcal/gr; peanuts: 5.67Kcal/gr), 

the nutritional value of the sunflower seeds may have been higher. Phytosterol 

content is much higher in sunflower seeds (534mg/100gr) than in peanuts 

(220mg/100gr). Previous studies in humans suggested that phytosterols may have a 

protective effect against inflammation and subsequent cardiovascular cancers, and 

improve the antioxidant capacity (De Jong et al. 2008; Rubis et al. 2010; Rudkowska 
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2010). Furthermore, it was reported for broiler chickens (Gallus gallus domesticus), 

that phytosterols could be responsible for facilitating the growth performance (Li et al. 

2011), and may improve fat metabolism (Bo et al. 2015). These results may be 

surprising since slower reactive individuals are meant to be more responsive to the 

environment. However, fast birds may have been more efficient and expended more 

energy handling the sunflower seeds which, unlike the peanuts, were still husked, due 

to their proactive routine forming performance. This may also explain the previous lack 

of an effect on energy consumption, diversity and weight loss.  

Rather than simply reducing the amount of other food items ingested, problem 

solvers had overall higher energy intake as a result of ingesting the waxworm food 

rewards obtained from the devices. This supports the idea that innovativeness can 

lead to real functional benefits (Reader & Laland 2003; Cole et al. 2011) and does not 

simply reflect an alternative foraging strategy. However, there was no net difference in 

the weight loss experienced over the time in captivity. This could be simply because 

there were insufficient opportunities to innovate to make a major difference to food 

ingested, or because the net benefits were counteracted by other hidden costs, for 

example greater handling time linked to interacting with the devices, or higher stress 

among problem solvers (see Cole et al. 2012 which shows they are more likely to 

desert when trapped at the nest). More detailed realistic experiments, ideally in the 

wild or with captive bred populations, are required to really understand the functional 

significance and potential benefits of innovativeness in the context of foraging. 

The ability to problem solve may allow individuals to survive in harsh conditions 

where foraging is particularly difficult (Roth et al. 2010), which in our case may be 

reflect of being able to maintain in a better condition while birds were under the 

stressful captivity period. Other studies have been previously tested links between PSP 

and competitive ability when foraging (e.g. Cole & Quinn 2012), suggesting that 

individual differences in innovative problem-solving are likely to contribute to variation 

in competitive ability. Moreover, it has been shown that foraging ability has a positive 

relationship with success in both invading new habitats and dealing with seasonal 

environmental change (Sol et al. 2002; Lefebvre et al. 2004). However, the functional 

significance of problem-solving performance remains poorly understood, and due that 
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behavioural correlations can differ between populations of the same species 

(Dingemanse et al. 2007), the relative importance of different sources of variation and 

their functional significance remain to be determined in our populations. 

Furthermore, regarding to diversity, we did not found any relationship with 

personality or problem solving performance. This reinforces the idea that although 

personality affected bird’s selectivity and PSP affected energy intake, all individuals 

used all the food types and diet diversity showed similar values. 

 

State dependence of food intake 

In sexually dimorphic species, males often have higher energy demand than females, 

and this is true in the Great tit (Bouwhuis et al. 2014), and related to age, older 

individuals are thought to use a wider variety (diversity) of food sources than younger 

birds (Gosler 1993) and should show more efficient foraging strategies than yearlings, 

both issues according to our results.  

Also, we found that bird body mass when caught predetermined the proportion 

of peanuts that each individual included in its diet. Winter low temperatures affect 

birds directly by increasing energy demand (Broggi 2006) and smaller birds often have 

higher energy requirements for their size than larger congeners (McNab 2002). 

Peanuts are a highly energetic (Carrascal et al. 1991) with low handling-time cost 

(sunflower seeds have to be peeled) food resource, which allows small bodied 

individuals to maintain energy budgets more easily (Schoech and Bowman 2008). 

Besides, Great tits showed a facultative adjustment of total energy intake 

across the winter season. Nord et al. (2009) described for free-ranging Blue tits 

(Cyanistes caeruleus) during winter that nocturnal body temperature follows a 

quadratic model which reached an overall minimum in mid-winter and was relatively 

higher in late fall and late winter. Our results imply that due that Great tits were still 

experiencing natural photoperiod and ambient temperature, they may have followed a 

similar body pattern than described there, and therefore bird’s adjusted their energy 

intake pattern in order to respond to their necessities. Further analyses of body and 

ambient temperatures are required to disentangle the physiological mechanisms 

underlying this food intake-date relationship. Moreover, we found a change in birds’ 
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food preference through the study, so that proportion of seeds in the diet increased 

whilst birds used peanuts less as a food resource in the late winter. The gradual 

shifting from peanuts to seeds may be related to the necessity of accumulating 

resources initially to overcome harsh winter conditions -provided by high plasma 

protein content in peanuts and  the consequent accumulation of endogenous 

resources (Schoech & Bowman 2008)-, and the following preparation to the breeding 

period - which would need  high levels of antioxidants to overcome it (see Royle et al. 

2001) present in sunflower seeds as vitamin E (0.35mg/gr of content, whilst 0.08 mg/gr 

in peanuts), a lipophilic antioxidant, and phytosterols which may enhance health 

through effects on immunity and antioxidant defence (Catoni et al. 2008; Monaghan et 

al. 2009).  

 

Habitat differences and local adaptation 

Birds from the coniferous patches ate more peanuts, while those from the deciduous 

showed a tendency to eat more mealworms, which is in accordance with Veľký et al. 

(2011) that reports higher relative volumes of plant material in Great tits originated 

from a conifer forest in contrast to individuals from a deciduous forest, which had a 

bigger consumption of Lepidoptera.  As described there, this could have been caused 

by complicated searching of invertebrate food on coniferous trees which is 

compensated mainly with seeds, while the higher occurrence of Lepidoptera in tits 

inhabiting deciduous forests may corroborate higher abundance of moth species living 

on oak trees (Murakami et al. 2007). Moreover, despite showing a higher energy 

intake, conifer Great tits lost more weight. Following the previous statements, we 

suggest here that birds from conifer sites were less prone to eat the highly 

proteinaceous invertebrates than deciduous birds. Thus, the food preference 

depending on habitat should have triggered a disadvantage in terms of body 

maintenance during captivity for conifer roosting birds.  

To our knowledge, no other study has measured foraging strategies in captivity 

directly (i.e. through food intake), which is important because individuals could 

potentially vary their foraging efficiency due to personality traits, problem-solving 

ability, local conditions and other state-dependent factors (e.g. age). Our results have 
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important implications for the relationship between exploration behaviour and 

foraging performance in captivity, contributing to the idea that birds may follow 

alternative strategies and feed on the food types available in a different manner 

depending on their status in the reactive-proactive personality axis. Also, we verify the 

hypothesis that solver individuals ingest more energy. Foraging performance is here 

confirmed to be largely state- (age, sex and body mass) and scale- (date) dependent. In 

addition, the relationships stated in this study corroborate that birds respond to forest 

structure adopting diverse foraging performances and provide insights for the 

understanding of how populations adapt to environmental heterogeneity, 

demonstrating local adaption.  
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SUPPLEMENTARY MATERIAL 

 

Table S1. Results of general linear model (GLM) analyses of prey selectivity and diet diversity. Full 

models constructed with the set of variables that could explain variation in the response variable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Estimate SE df t P 

Seeds      

Intercept – 0.078 0.095 1 – 0.823 0.413 

Habitat   0.005 0.007 1   0.708 0.482 

Sex   0.001 0.006 1   0.174 0.863 

Age   0.013 0.006 1   2.051 0.044 

Solver rate (0 vs. 1) – 0.009 0.007 2 – 1.202 0.234 

Solver rate (0 vs. 2) – 0.009 0.013  – 0.765 0.447 

Date   0.001 0.0003 1    2.596 0.012 

Tarsus – 0.004 0.005 1 – 0.815 0.418 

Weight   0.004 0.004 1    1.140 0.259 

EB   0.0003 0.0001 1    2.161 0.035 

Error   62   

Peanuts      

Intercept   0.311 0.079 1    3.902 <0.001
 

Habitat – 0.015 0.006 1 – 2.550 0.013 

Sex   0.003 0.005 1   0.580 0.564 

Age   0.00043 0.005 1   0.083 0.934 

Solver rate (0 vs. 1)   0.004 0.007 2   0.662 0.510 

Solver rate (0 vs. 2) – 0.008 0.011  – 0.698 0.487 

Date – 0.001      0.00024 1 – 5.552 <0.001 

Tarsus – 0.003 0.004 1 – 0.915 0.364 

Weight – 0.007 0.003 1 – 2.359 0.021 

EB – 0.00029 0.00012 1 – 2.441 0.018 

Error   62   
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Table S1. Continuation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Estimate SE df t P 

Mealworms      

Intercept   0.002 0.071 1   0.231 0.817 

Habitat – 0.009 0.005 1   1.767 0.082 

Sex   – 0.00053 0.005 1   0.112 0.910 

Age – 0.003 0.005 1 – 0.709 0.481 

Solver rate (0 vs. 1)   0.003 0.006    0.630 0.531 

Solver rate (0 vs. 2)   0.012 0.009 2   1.226 0.225 

Date   0.00006 0.00022 1   0.303 0.763 

Tarsus   0.003 0.003 1   0.937 0.352 

Weight   0.00009 0.003 1   0.035 0.972 

EB – 0.00002 0.00011 1 – 0.155 0.877 

Error   62   

Diversity      

Intercept    2.650 0.929 1   2.852 0.006 

Habitat – 0.051 0.070 1 – 0.730 0.468 

Sex   0.134 0.063 1   2.144 0.036 

Age   0.139 0.062 1   2.245 0.028 

Solver rate (0 vs. 1) – 0.017 0.077  – 0.218 0.828 

Solver rate (0 vs. 2) – 0.113 0.127 2 – 0.894 0.375 

Date – 0.010 0.003 1 – 3.545 0.001 

Tarsus – 0.060 0.044 1 – 1.367 0.177 

Weight – 0.059 0.035 1 – 1.672 0.100 

EB – 0.001 0.001 1 – 0.609 0.545 

Error   62   
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Table S2. Results of general linear model (GLM) analyses of Total energy consumed (Kcal/day) and 

Weight loss (gr). Full models constructed with the set of variables that could explain variation in the 

response variable.  

 

 

 

 

 Estimate SE df t P 

Kcal/gr/day      

Intercept   139.139 57.071 1   2.438 0.018 

Habitat – 8.164 4.297 1 – 1.900 0.062  

Age   0.043 3.785 1   0.011 0.991 

Sex – 3.309 1.949 1   1.794 0.077 

Solver rate (0 vs. 1)   4.380 4.736 2   0.925 0.358 

Solver rate (0 vs. 2)   19.723 7.766    2.540 0.014 

Date – 0.437 0.177 1 – 2.468 0.016 

Tarsus – 2.165 2.696 1 – 0.803 0.425 

Weight – 0.388 2.147 1 – 0.181 0.989 

EB    0.029 0.085 1   0.340 0.735 

Error   66    

Weight loss       

Intercept – 2.813 3.185 1 – 0.883 0.380 

Habitat – 0.440 0.250 1 – 1.761 0.083 

Age   0.046 0.218 1   0.210 0.834 

Sex – 0.296 0.213 1 – 1.392 0.170 

Solver rate (0 vs. 1)   0.107 0.273 2   0.392 0.696 

Solver rate (0 vs. 2) – 0.026 0.450  – 0.059 0.953 

Date   0.004 0.010 1   0.415 0.679 

Tarsus   0.169 0.146 1   1.154 0.253 

EB   0.00068 0.005 1   0.138 0.891 

Error   66    
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The present thesis studied the ecology and behaviour of two cavity-nesting bird 

species among different habitat types, which contributes to know better their breeding 

strategies and behavioural consequences. The results presented here give an overview 

of how habitat type determines breeding and behavioural performances through 

different approaches: habitat characteristics or type influencing nest-site selection and 

differences in nestling diet (chapters I and II), and behavioural responses to habitat 

heterogeneity (chapters III and IV). 

Most nest-building birds are thought to expend time and energy choosing their 

nest site. It has been previously demonstrated that Tits prospect for nest cavities (e.g. 

Perrins 1979), and their nest sites are chosen actively (Goodenough et al. 2009). In this 

sense, Blue tits (Cyanistes caeruleus) that occupied our nestboxes located in the 

pinewood preferred to breed at 3.0–5.0 meters height above the ground, rather than 

in lower nestboxes (1.5–2.0 meters), and in territories with less neighbours. In fact, 

these two parameters determined laying date in our population, which was earlier for 

those females that bred in higher nestboxes, with fewer territory neighbours and more 

distant to the closest neighbour (chapter I). Moreover, laying date was negatively 

related to the number of tortricids provided by parents to their offspring (chapter II), 

leading to the idea that those pairs settled first in the area after winter dispersal might 

be able to select better locations, in terms of predators, competitors avoidance and 

food availability. Distance to the nearest neighbour showed a tendency to positively 

affect nestling body mass, suggesting a causal role for population density in 

reproductive output. Prior studies shown that competition for food is exacerbated in 

low quality habitats (Dhondt 2010), and thus, breeding pairs would have likely selected 

to settle apart from the potential competitors resulting in a widespread distribution. It 

may also explain the lack of effect of nestboxes clustering design (isolated or clustered) 

in occupation rates or breeding success. 

Vegetation type and its succession stage have been related to breeding success 

in the studied species, since they might affect several reproductive parameters, such 

as laying date or clutch size (e.g. Doligez et al. 2003; Arriero et al. 2010). This is in 

accordance to our results in chapter I, where brood size was greater in those 

territories where shrub cover was well developed and with smaller trees. It could be 
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related to the importance of the understory as an alternative feeding substrate for 

Tits, which are mainly canopy foragers (Cramp & Perrins 1993). Likewise, chicks 

developed in areas with higher numbers of Portuguese oaks and fewer Holm oaks, 

which are more humid, had larger tarsi (chapter I). This may be related to a greater 

proportion of caterpillars in those areas, which constituted the main bulk of nestling’s 

diet (chapter II). Surprisingly, we detected a higher proportion of caterpillars in the 

‘low quality’ habitat type (pinewood) during an especially dry and warm spring (year 

2012). In addition, the low occupation rates and reproductive success in the pinewood 

suggests that this habitat might be used by those pairs that did not find an available 

territory in the preferred oakwood habitat (chapter I) due to the high competitive 

ability displayed there. Therefore, Blue tits with lower exploratory behaviour values 

(slower individuals) were relegated to the low quality habitat (chapter III). 

Contrary to our expectations, we detected a similar breeding success of Blue 

tits in oakwood and pinewood habitats, and only annual variations were observed 

(chapter II). Several studies reported differences in breeding performance among 

habitat types in cavity-nesting species, such as Pied flycatcher (Ficedula hypoleuca; 

Siikamäki 1995), Great tit (Parus major; Sanz 1998; Sanz et al. 2010) and Blue tit 

(Blondel 2007; Arriero et al. 2010). Though, the observed patterns of behaviour-

related habitat performance suggested that individuals may be buffering the habitat 

related differences in environmental quality by means of behaviour, avoiding their 

possible breeding success impact (chapter III).  

Habitat type and nest-site characteristics determine food resources availability 

for breeding birds (Blondel et al. 1991; Mägi 2007). Our data show that, Blue tit 

nestling diet varied depending on breeding habitat. Nestling diet composition was 

influenced by forest type. The nutritional composition of caterpillars makes them a 

preferential and optimal prey (e.g. Riddington & Gosler 1995; Bańbura et al. 1999); 

accordingly, caterpillars constituted the majority of prey provided in both habitats 

(chapter II). Birds breeding in caterpillar-poor evergreen woodlands, similar to the 

pinewood (pers. obs.), provide a lower proportion of caterpillars than those in 

caterpillar-rich deciduous habitats (Blondel et al. 1991). However, contrary to 

expected, caterpillars (noctuids and tortricids) were provided more frequently in the 
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pinewood nests, while other types of prey, such as spiders (the next most consumed 

prey type, by numbers) were provided more frequently in the oakwood nests. We also 

found a greater diet specialization in the pinewood, and fast explorers, characterized 

by being more prone to form routines, performed better in this habitat. Thus, it may 

reflect the lack or scarce presence of other prey categories in the pinewood. On the 

contrary, the other prey types (e.g. spiders) seem to supplement chicks’ diet in the 

deciduous forest population, leading to the idea that individuals forced to breed in the 

low quality habitat may have adaptively adjusted their behaviour to buffer these less 

auspicious environmental conditions (chapter III). This is also in accordance with the 

hypothesis proposed by Pagani-Núñez et al. (2015), in which diet specialization acts as 

the main mechanism used by Great tits and, as demonstrated here, Blue Tits to avoid 

evergreen habitats resources constraints. 

Given the likelihood of larger and higher prey quality in the oakwoods, we 

hypothesized a lower feeding rate in this habitat. However, we found no difference in 

feeding rates, which indicates that parents did the same effort maybe due to mean 

brood size was similar between habitats (chapters II and III). On the one hand, 

exploration behaviour and feeding rates were strongly positively correlated, which is in 

line with previous suggestions that exploration behaviour affects parental care (Both et 

al. 2005; Roulin et al. 2010). Hence exploration behaviour is adjusted depending on the 

required feeding effort (chapter III). Nonetheless, feeding rate, after controlling for 

brood size, appeared to have a negative effect on the number of fledglings when 

breeding in the pinewood (chapter III). This result strongly suggests that despite the 

higher number of caterpillars provided in the low quality habitat, Blue tits may not be 

benefited by high specialization values as we detected in chapter II. Conversely, Tits in 

the pinewood paid the cost of providing the chicks with a more homogenous diet by 

weakening breeding success.  

Differences in the time-budgets of males and females as a consequence of their 

unequal investment in nest attendance can lead to inter-sexual differences in prey 

choice. Females supplied a higher number of tortricid larvae (chapter II) as a less time-

consuming caterpillar species to capture in order to stay in the nest longer to perform 

other duties (e.g. brooding, nest sanitation, fluffing of the nest structure; García-Navas 
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et al. 2012). In contrast, males provided a higher number of spiders and geometrids, 

suggesting differential prey selection between the sexes, leading to sex-biased food 

allocation (Slagsvold & Wiebe 2007; Wiebe & Slagsvold 2009). Similarly, we reported 

higher energy intake in male Great tits (chapter IV) due to its greater energy demand 

compared to females (Bouwhuis et al. 2014), which also demonstrates inter-sexual 

differences in prey choice.  

Regarding the effects of nestling diet in Blue tits breeding success, we found 

that fledgling number was greater in nests provided with more tortricids and in those 

with more specialized diet (chapter II). In our populations, faster explorers achieved 

better breeding success in terms of number of fledglings (chapter III), therefore 

confirming the hypothesis that under favourable environmental conditions, fast 

explorers might forage more efficiently than slow-exploring birds (Dingemanse et al. 

2004; Mutzel et al. 2013). Moreover, as described in previous studies, the positive 

correlation found between fledgling condition and total number of spiders in nestling 

diet highlights its importance as a key resource during chick development (e.g. 

Tinbergen 1960; Cowie & Hinsley 1988; Woodburn 1997). It could be enhanced in 

Mediterranean forests (Pagani-Núñez et al. 2011) due to the general lack of food and 

harsher conditions of these ecosystems (Royama 1970; Blondel et al. 1991). Overall, 

our results confirm that habitat specific features may determine the variation and 

adaptability of Blue tits in selecting breeding site which will modulate nestling’s diet 

and breeding success (chapters I and II). 

  Evolutionary theory predicts that individuals should behave optimally in each 

environment to maximize their fitness, and therefore should show flexibility in their 

behaviour (Stearns 1989). However, while individuals show some degree of flexibility 

(e.g. Carere 2003), they differ consistently in their behaviour in standard test situations 

even when controlling for between-individual differences in individual history, state, 

sex or size (Wilson et al. 1994; Gosling 2001). According to this, our results 

demonstrate that Tits showed different behavioural patterns between habitats 

(chapters III and IV). Tits may be differentially well adapted to the deciduous or the 

evergreen forests environments. Thereby, our analyses of habitat-specific paths 

provided evidence that selection pressures on personality occurred in our studied 
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populations, but some effects were only present in the pinewood while remained 

absent in the oakwood (chapter III). Fast-explorers produced a higher number of 

fledglings in the less competitive environment (pinewood), which supports the “pace-

of-life” hypothesis, that fast exploration may be detrimental at high densities (Nicolaus 

et al. 2016). Furthermore, individuals could potentially vary their foraging efficiency 

due to personality traits, problem-solving ability, local conditions and other state-

dependent factors (e.g. age, Heise & Moore 2003). Birds from the coniferous patches 

ate more peanuts and despite showing a higher energy intake, lost more weight, while 

those from the deciduous showed a tendency to eat more mealworms (chapter IV). 

Thus, the food preference depending on habitat, also demonstrated in chapter II, 

should have triggered a disadvantage in terms of body maintenance during captivity 

for conifer roosting birds. 

Competitive ability when foraging have been previously tested to be positively 

linked to ability to problem solve (e.g. Cole & Quinn 2012), which has a positive 

relationship with success in both invading new habitats and dealing with seasonal 

environmental change (Sol et al. 2002; Lefebvre et al. 2004). It also may allow 

individuals to survive in harsh conditions where foraging is particularly difficult (Roth et 

al. 2010), which according to our results (chapter IV), may be reflect of being able to 

maintain in a better condition while birds were under the stressful captivity period. 

Additionally, problem solvers had overall higher energy intake as a result of ingesting 

the rewards obtained from the devices which supports the idea that innovativeness 

can lead to real functional benefits (Reader & Laland 2003; Cole et al. 2011) and does 

not simply reflect an alternative foraging strategy.  
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CONCLUSIONS 

1. The placement of nestboxes should be carefully planned to adapt to species-

specific requirements in each habitat type, to ensure their occupation and favour 

the breeding performance of secondary cavity nesters.  

2. In regard to Blue tits breeding in Maritime pine plantations, we recommend to 

consider nestbox height and cavity-nesters density when providing nestboxes, and 

to favour shrub and native tree species recovery in order to improve the habitat 

quality and thus, benefit these bird populations.  

3. Habitat type affects the nestling diet and fledgling condition of Tits. Hence, 

relatively small-scale landscape features may be important for understanding 

variation among individuals breeding in different habitats and their reproductive 

success.  

4. The differential feeding contribution in prey types delivered to nestlings suggests 

variation in males and/or females response to changes in nestling developmental 

stages. 

5. High diet specialization values may not be profitable in low quality habitats. 

Conversely, individuals should pay the cost of providing the chicks with a more 

homogenous diet by weakening breeding success. 

6. Tits may be differentially well adapted to the deciduous or the evergreen forests 

and show different behavioural patterns between habitats. Higher exploration 

rates may benefit Blue tit parents to select a better place to breed, or to plastically 

respond to some environmental factor affecting their exploration behaviour.  

7. In terms of reproductive success, fast explorers performed better in the evergreen 

forest, leading to the idea that individuals forced to breed in the low quality habitat 

may have adaptively adjusted their behaviour to buffer these less auspicious 

environmental conditions.  

8. Birds may follow alternative strategies and feed on the food types available in a 

different manner depending on their status in the reactive-proactive personality 

axis.  
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9. Solver individuals ingest more energy and foraging performance is confirmed to be 

largely state- (age, sex and body mass) and scale- (date) dependent. 

10. Birds respond to forest structure adopting diverse foraging performances and 

populations adapt to environmental heterogeneity, demonstrating local adaption.  
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CONCLUSIONES 

1. La colocación de cajas nido debe planificarse cuidadosamente para adaptarse a los 

requisitos específicos de cada especie en cada tipo de hábitat para asegurar su 

ocupación y favorecer el éxito reproductor de las aves que anidan en cavidades 

secundarias. 

2. En lo que respecta a los herrerillos que se reproducen en plantaciones de pino 

marítimo, se recomienda tener en cuenta la altura de las cajas y la densidad 

poblacional de aves que anidan en cavidades, y favorecer la recuperación de 

arbustos y árboles de especies nativas con el fin de mejorar la calidad del hábitat.  

3. El tipo de hábitat afectó a la dieta y la condición de los pollos de los páridos 

estudiados. Por lo tanto, las características del paisaje a pequeña escala pueden ser 

importantes para entender las variaciones entre individuos que se reproducen en 

diferentes hábitats y su éxito reproductivo. 

4. El aporte de alimento diferencial de tipos de presa proporcionados a los pollos 

sugiere variación en la respuesta entre machos y hembras a los cambios durante 

las etapas de desarrollo de los pollos. 

5. Valores altos en el grado de especialización de la dieta pueden no ser rentables en 

hábitats de baja calidad. Por el contrario, los individuos deben pagar el coste de 

proporcionar a los polluelos una dieta más homogénea, reduciendo así el éxito 

reproductor. 

6. Los páridos pueden estar diferencialmente adaptados a los bosques caducifolios o 

perennes y muestran diferentes patrones de comportamiento entre hábitats. Los 

valores más elevados de exploración pueden llevar a las aves a seleccionar un lugar 

más adecuado para reproducirse, o a responder más plásticamente a factores 

ambientales. 

7. En términos de éxito reproductivo, los individuos más exploradores obtuvieron 

mejores resultados en el pinar, lo que lleva a la idea de que aquellos individuos 

obligados a criar en este hábitat de baja calidad pueden haber ajustado su 

conducta para amortiguar dichas condiciones ambientales menos favorables. 



Conclusiones 

 

178 

 

8. Las aves pueden seguir estrategias alternativas y alimentarse de los tipos de 

alimento disponibles de una manera diferente dependiendo de su personalidad. 

9. Los individuos capaces de resolver problemas con más facilidad obtuvieron más 

energía y su rendimiento de forrajeo dependió, en gran medida  de la edad, el 

sexo, la masa corporal y la fecha. 

10. Las aves adoptan diversas estrategias de forrajeo en función de la estructura del 

bosque, y las poblaciones se adaptan a la heterogeneidad del medio ambiente, lo 

que demuestra un proceso de adaptación local. 
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