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GENERAL DISCUSSION  

The results of the present thesis answer several interesting questions about the 

ecology and behaviour of cavity-nesting birds. The thesis contains six chapters that 

deal with behavioural strategies arising during different stages of the reproductive 

cycle. On the one hand, chapters I, II and III explore the behavioural mechanisms 

that small cavity nesters have evolved to select a nest-box, how protect it from 

competitors, and to construct a nest with adequate nest material and structure. On 

the other hand, chapters IV, V and VI deal with the different behaviours that these 

birds have evolved to reduce the impact arising from ectoparasites or an impaired 

body condition in order to maximize their fitness. 

 For obligate cavity-nesting birds, nest-holes and/or nest-boxes erected by 

humans constitute a scarce resource that may limit the availability of breeding 

opportunities, leading to a strong competition over them (Ingold 1994; Leffelaar 

and Robertson 1985; Li and Martin 1991; Nilsson 1984). This competition may 

constitute an important selective force for the evolution of aggressive female 

behaviours which may be mediated by testosterone (T) levels. Chapter I shows 

that these levels differ between populations of the same species, being higher in 

populations where the likelihood of nest-site usurpation by intruders is greater. In 

contrast to some studies which have found strong positive associations between 

female aggressive behaviour and endogenous T (Cain and Ketterson 2012; 

Elekonich and Wingfield 2000; Gill et al. 2007), we found that the level of female 

aggressiveness against intruders decrease with higher T levels in high density 

areas. Females with higher T may experience a lower threat imposed by intruders 

and consequently ignore rather than attack intruders, a result which should be 

considered in future studies of female territorial aggression.  

After obtaining a nest-hole or nest-box, nest building begins. Nest 

construction may be influenced by factors such as the availability of nest materials 

(Moreno et al. 2009) and may involve a large expenditure of time and energy 

(Moreno et al. 2008) due to the costs of transporting material to the nest site 

(Putnam 1949). Chapter II shows some clear patterns in the preference of certain 

nesting material and nest-box for breeding in Nuthatches. The selection of nesting 
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material and the amount of mud in Nuthatch nest-boxes can be explained as a 

trade-off between requirements for nest construction and availability as a function 

of transport distance. This trade-off may be stronger in species building nests 

composed of scarce or specialized materials and may have led to marked territorial 

habits as in nuthatches in relation not only with food availability but with the 

requirements for nest construction as well. 

Nesting holes constitute micro-environments very likely to be colonized by 

ectoparasites that feed on blood, skin and feathers of avian hosts (Collias and 

Collias 1984; Mazgajski 2007). It has been suggested that Nuthatches Sitta spp. use 

pine bark as nesting material because it contains toxic secondary compounds that 

may have insecticidal properties (Carroll 1994). Furthermore, nests made of loose 

heaps of bark flakes without any structure may offer fewer opportunities for 

hiding to ectoparasites and nest composition may affect ectoparasite development 

through the effects of microclimatic conditions associated with different nest 

materials (Heeb et al. 2000). In order to explore several possible implications of 

breeding in unstructured bark nests for Nuthatches in Chapter III we conducted 

an experiment where natural nests were replaced by structured nests made of 

materials different from bark. The replacement of unstructured bark nests by 

structured moss nests did not result in changes in ectoparasite loads, which 

suggests that the preferences for nest materials in Nuthatches and possibly other 

cavity nesters may be unrelated to ectoparasitism (this does not include the 

addition of specific insecticidal materials on top of nests). These results were also 

confirmed in Chapter V. We suggest that Nuthatches build nests of loose 

aggregations of bark flakes to reduce the thermal loss of nestlings experienced in 

open-cup nests compared to being buried into loose and heat-producing bark 

flakes. Thus, nuthatches have evolved to fill relatively large and well-isolated 

cavities due to mud plastering, a resource for which there might have been less 

interspecific competition, with loose composting nest materials. Nestlings may 

thereby have lost huddling instincts and depended on composting nest materials 

for thermal savings during their heterothermic stage. The joint or successive 

evolution of mud plastering, use of composting materials and loss of huddling in 

nuthatches remains to be resolved through comparative analyses. 
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Generalist ectoparasites infest nests of avian cavity-nesting passerines as a 

response to different factors exhibited by host species. In Chapter V we show that 

differences in nest composition among host species may not be the main factor 

explaining ectoparasite prevalences and abundances, while nest size, breeding 

phenology, brood size and nest-cavity micro-climate may all affect levels of 

infestation in different ways for each host-parasite association. These results 

confirm some previously obtained experimentally in the same populations. Future 

studies on the implications of nest structure and composition should avoid 

concentrating on implications for ectoparasites and focus on implications of 

availability of nest materials, phenology and possibly antibacterial properties. 

Given the negative impact of ectoparasites on nestlings there will be selection on 

hosts to reduce parasite infestations through behavioural means. In Chapter IV we 

experimentally reduced the abundance of all ectoparasites in nests of pied 

flycatchers to explore changes in the frequency and duration of anti-parasite 

behaviours by tending adults. The frequency and intensity of female grooming and 

nest sanitation behaviours during the incubation and nestling periods decreased as 

a consequence of the experimental reduction of ectoparasite infestation (Chapter 

IV), and these behaviours were more intense in the host species with highest 

infestation levels (Chapter V). The difference in the time invested in behavioural 

defences both intra and interspecifically indicates that females of cavity nesters 

may experience a trade-off between increasing the time allocated to the control of 

nest ectoparasites and other uses of time spent in the nest like resting or tending 

eggs or nestlings. Moreover, avoidance tactics by the parasites may reduce the 

efficacy of nest sanitation. Thus, females are not able to remove completely their 

natural deleterious effects on nestling growth and survival (Chapter V). The 

importance of alternative functions of sitting on the nest and the efficiency of 

parasite avoidance tactics in different types of nests remains to be resolved.  

In Chapter IV we also showed that nestlings begged more intensely as a 

response to their higher nutritional needs arising from higher ectoparasite loads. 

While begging by nestlings has received a fair deal of attention as an honest system 

of communication (Cotton et al. 1996; Mock et al. 2011; Wright and Leonard 2002), 

begging between mates has received scant attention. It is known that females beg 

to their mates in courtship contexts (Clancy 2005; East 1981; Ellis et al. 2009; 



General Discussion 

 

212 

 

Otter et al. 2007; Tobias and Seddon 2002) and while incubating (Ellis 2008; 

Moore and Rohwer 2012; Tobias and Seddon 2002). In Chapter VI we tested if 

female begging during incubation is an honest signal of energetic need by 

experimentally handicapping some females through clipping of two primary flight 

feathers. We found that experimentally handicapping female pied flycatchers 

during the incubation stage intensified begging displays arising from condition 

impairment and that males were able to respond by increasing their feeding rates 

to females. Females are able to modify their begging displays and it may be an 

important adaptation to maintain a good energetic condition during incubation. 

The postural and acoustic communication channel between mates may be 

important in other contexts such as conflicts about investment in nest construction 

or nestling care. The evolutionary implications of this type of communication of 

need may be crucial for understanding the evolution of biparental care and the 

reduction of sexual conflict.  
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CONCLUSIONS  

 The relationship between testosterone and competitive behaviour in 

females can be complex and differ between populations of the same species. 

The population differences in testosterone levels of females reflect the need 

to defend nesting cavities and this need is stronger where the likelihood of 

usurpation by intruders is greater.  

 The selection of nest sites and nest materials in Nuthatches may be 

constrained by costs of transport of nest material. Nuthatches use pine bark 

as nesting material only when nest-sites are situated close to pines, and use 

more mud when breeding close to streams. 

 Nest structure and nesting material have important consequences on 

microclimate and breeding behaviour in the Nuthatch. 

 Adaptations of Nuthatches nestlings for remaining buried in the nest 

material beside the heat-conserving properties of loose bark flakes nests 

reduce energy costs for nestlings during female absences.   

 Ectoparasites have deleterious effects on nestling growth and survival and 

induce significant changes in female anti-parasite behaviours. 

 Nest composition is not the main factor explaining ectoparasite prevalences 

and abundances, while nest size, breeding phenology, brood size and nest-

cavity micro-climate may all affect levels of infestation in different ways for 

each host-parasite association.  

 Anti-parasite behaviours are more intense in species with higher infestation 

levels.  

 Female pied flycatchers are able to modify begging displays arising from 

their condition and males adjust incubation feeding rates to behavioural 

displays of need by their mates. 
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