
  

UNIVERSIDADE DE LISBOA 

FACULDADE DE CIÊNCIAS 

DEPARTAMENTO DE BIOLOGIA ANIMAL 

 

 

 Does nest site availability limit populations of secondary cavity-

nesting birds in Quercus pyrenaica forests? An experimental 

approach 

 

 

 

Ana Marta Martinho Sampaio 

 

MESTRADO EM BIOLOGIA DA CONSERVAÇÃO 

2009 

 

   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIVERSIDADE DE LISBOA 

FACULDADE DE CIÊNCIAS 

DEPARTAMENTO DE BIOLOGIA ANIMAL 

 

 

 

Does nest site availability limit populations of secondary cavity-

nesting birds in Quercus pyrenaica forests? An experimental 

approach 

 

 

 

 

 

 

 

 

 

DISSERTAÇÃO ORIENTADA POR: 

DOUTOR HUGO ROBLES 

PROFESSOR DOUTOR RUI REBELO 

 

 

 

 

 

 

 

Ana Marta Martinho Sampaio 

 

MESTRADO EM BIOLOGIA DA CONSERVAÇÃO 

2009 

 



  

ACKNOWLEDGMENTS 

 

I start by thanking Hugo Robles for accepting to supervise this thesis and for helping with 

the statistical analyses and reviewing the manuscript. 

 

Thanks to Professor Rui Rebelo for accepting the internal supervision of this work, and for 

comments on the manuscript. 

 

I also thank both to Carlos Ciudad for being a good field teacher and for the amusing 

temper and Chano for being an enjoyable company during field work.  

 

Thanks to the outstanding support of my family, in part for the non effortless financial bear 

(not only when I was out) that enabled me to accomplish this Master’s degree. Thanks to 

my big brother for the much appreciated tips and for my Canon. 

 

To my colleagues Andreia and Aurora, together we survived the big metropolis of León 

city. Thanks for all the help and discussions around the projects. 

 

My special gratitude to Professor Maria Antónia Turkman and to Valeska Andreozzi from 

DEIO-FCUL (Departamento de Estatística e Investigação Operacional), Professor 

Filomena Magalhães DBA-FCUL (Departamento de Biologia Animal), Professor José 

Pedro Granadeiro CBA-FCUL (Centro de Biologia Ambiental) and to Nuno Sepúlveda 

from IGC (Instituto Gulbenkain Ciência) for the indispensable support on the 

comprehension of statistical analyses.  

 

My many thanks to Pedro Patraquim for all the support, for reviewing the manuscript in 

such short notice, for the much appreciated advices and explanations. Thanks for the 

dozens of Mb in music, films and docs and for all the books. 

 

 



  

INDEX 

                                                                                                          

Resumo ...…………………………………………………………………………….…….1 

Summary …………………………………………………………………………………..5                                                         

 

1. Introduction ……………………………………………………………………………..6 

  

2. Methods                                                                                                                              

 2.1. Study area ……………………………………………………………………..9 

 2.2. Data collection ………………………………………………………………...9 

 2.3. Statistical analysis ……………………………………………………………11 

  2.3.1. Effect of the treatments on nest density ……………………………11 

  2.3.2. Nest site use, suitability and reuse …………………………………11                                         

3. Results                                                                                                                              

 3.1. Avifauna recorded …………………………………………………………...13 

 3.2. Effect of the treatment on nest density ………………………………………13 

 3.3. Nest site use, suitability and reuse …………………………………………...15 

 

4. Discussion ……………………………………………………………………………...18 

 

5. References ……………………………………………………………………………...20 

 
6. Appendix 1 ……………………………………………………………………………..22
  
  

 
 

 

 

 

 

 

 

 

 



  

RESUMO 

 

Há muito se assume que as populações de aves que nidificam nas cavidades das árvores 

se encontram limitadas pela disponibilidade de potenciais locais de nidificação. Isto é 

particularmente evidente no caso das espécies que não têm a capacidade de fabricar este 

recurso, denominadas nidificantes secundárias em cavidades (NSC) e como tal encontram-

se dependentes de outros processos de formação de cavidades. Aqui distingue-se o 

comportamento de aves nidificantes primárias em cavidades (NPC), grupo que alberga 

espécies capazes de escavar os seus próprios ninhos (é o caso de muitas espécies de pica-

paus) e a acção de processos naturais que englobam a degradação fúngica, actividade 

insectívora e a quebra de ramos. As espécies NPC e NSC são partes constituintes das 

comunidades de aves nidificantes em cavidades, diferindo entre si no grau de dependência 

das cavidades.  

Martin e Eadie (1999) propuseram o conceito de redes de nidificação partindo de uma 

analogia directa às redes tróficas, segundo a qual, as comunidades de espécies nidificantes 

em cavidades se encontram organizadas de uma forma hierárquica em torno de um recurso 

central, as cavidades. A ideia da potencial acção limitativa dos locais de nidificação sob as 

populações de aves NSC advém sobretudo da observação de paralelos entre padrões de 

variação de densidade de cavidades e de casais reprodutores. No entanto, estas evidências 

são apenas circunstanciais deixando em aberto muitas explicações alternativas. Daí a 

necessidade de uma abordagem experimental que incida na avaliação do papel das 

cavidades na restrição das populações de NSC. Deste modo, surgiram diversos estudos no 

sentido analisar as consequências da manipulação da disponibilidade deste recurso crítico. 

Tomemos o caso das experiências de introdução de caixas-ninho, cuja maioria conduziu a 

um aumento do número de casais reprodutores nos locais de estudo. Em menor número, 

têm sido igualmente conduzidas experiências de bloqueio de cavidades e algumas também 

apontam para uma situação de limitação. Não obstante, uma grande quantidade dos estudos 

iniciais carece de designs experimentais com controlos e/ou réplicas apropriados. 

O presente trabalho surge no sentido de testar se a disponibilidade de cavidades, isto é, 

potenciais locais de nidificação, é ou não um factor limitativo das populações de aves 

NSC, no contexto das florestas de Carvalho-negral (Quercus pyrenaica) na encosta Sul da 

cordilheira Cantábrica. À luz do meu conhecimento, este é o primeiro estudo a utilizar um 

design experimental com replicação temporal (pré-tratamento e pós-tratamento) e espacial, 

com controlo, onde o recurso crítico é, simultaneamente, experimentalmente amplificado 
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(através da colocação de caixas-ninho) e reduzido (através do bloqueio de cavidades). As 9 

áreas de estudo estão situadas numa zona de transição bioclimática entre os climas 

Eurosiberiano e Mediterrânico no NW de Espanha e são dominadas pela espécie Carvalho-

negral.  

No ano de 2007, denominado período de pré-tratamento, foram inspeccionadas 9 áreas 

de amostragem para verificar a ocupação das cavidades de forma a estimar a densidade de 

ninhos construídos por aves NSC. No ano seguinte, denominado período de pós-

tratamento, procedeu-se à introdução de caixas-ninho em 3 áreas, ao bloqueio de cavidades 

previamente ocupadas noutras 3 áreas, enquanto as restantes 3 permaneceram como 

controlo. A manipulação experimental do recurso conduziu ao aumento de 29% na 

disponibilidade de potenciais locais de nidificação nas áreas de adição de caixas-ninho e ao 

decréscimo de 22% nas áreas de bloqueio. Estimou-se novamente a densidade de ninhos 

construídos em cada uma das 9 áreas. Em ambos os anos a vistoria das cavidades teve 

início em Maio, por ser essa a altura em que a maioria dos ninhos se encontra construída. 

Relativamente às caixas-ninho, foram inspeccionadas entre Abril e Julho (no período de 

pós-tratamento) como parte integrante de outro projecto a decorrer na mesma área de 

estudo. Na Primavera de 2009 mediram-se uma série de características das árvores e das 

cavidades nelas contidas. 

Procedemos à análise do efeito dos tratamentos (controlo, adição de caixas-ninho e 

bloqueio de cavidades), do período (pré-tratamento e pós-tratamento) e da sua interacção 

na densidade de ninhos de aves NSC. Posteriormente, conduziram-se uma série de análises 

com o intuito de verificar se surgiu alguma alteração à qualidade das cavidades ocupadas 

após a experimentação. Para tal, examinámos os padrões de utilização das cavidades 

relacionando as suas características medidas em 2009, com a sua ocupação/não ocupação. 

Trata-se de um passo secundário a partir do qual construímos um índice de qualidade, 

atribuindo um determinado valor a cada cavidade que varia entre 0 (qualidade mínima) e 1 

(qualidade máxima). O passo seguinte foi então a análise do efeito dos tratamentos 

(controlo, adição de caixas-ninho e bloqueio de cavidades), do período (pré-tratamento e 

pós-tratamento) e da sua interacção na qualidade das cavidades ocupadas pelos indivíduos 

das espécies NSC. No fim, verificámos se as cavidades reutilizadas possuem uma 

qualidade superior às cavidades ocupadas em apenas num dos anos (período pré-

tratamento ou período pós-tratamento) e se as cavidades nos locais onde se adicionaram 

caixas-ninho foram reutilizadas a uma taxa superior ou inferior comparativamente aos 

locais de controlo.  
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Ao todo, foram inspeccionados ninhos de 10 espécies: 2 NPC (Pica-pau-malhado 

Dendrocopos major, Pica-pau-mediano Dendrocopos medius) e 8 NSC (Peto-real Picus 

viridis, Trepadeira-azul Sitta europaea, Trepadeira-comum Certhia brachydactyla, 

Chapim-real Parus major, Chapim-azul Cyanistes caeruleus, Estorninho-preto Sturnus 

unicolor, Papa-moscas-preto Ficedula hypoleuca, e Rabirruivo-de-testa-branca 

Phoenicurus phoenicurus). 

Uma potencial lacuna deste estudo reside na forma como o índice de qualidade foi 

elaborado dado que a qualidade das cavidades foi avaliada tendo por base dados de 

ocupação de apenas um ano e sem que tenha sido avaliado o sucesso dos ninhos, o que 

poderá não ser proporcional à verdadeira qualidade. Contudo, sabe-se que ninhos que 

atinjam sucesso podem ser usados mais frequentemente e, de facto, as análises 

demonstraram que a qualidade das cavidades aqui reutilizadas (n = 48) foi 

significativamente superior à das cavidades utilizadas apenas num dos períodos. Deste 

modo, este índice de qualidade aqui calculado poderá, apesar de tudo, ser um indicador de 

adequação das cavidades. 

Posto isto, a densidade de ninhos de NSC variou de forma significativa tanto com a 

adição de caixas-ninho (ocupadas maioritariamente pelas duas espécies de chapim) como 

com o bloqueio de cavidades, em relação ao controlo, sofrendo respectivamente, um 

aumento global de 40% e um decréscimo global de 57%. No entanto, os locais de controlo 

também sofreram um decréscimo (19%) daí que a significância estatística do impacto da 

adição de caixas-ninho tenha sido superior ao impacto do bloqueio de cavidades. Este 

resultado é apoiado pelo facto da qualidade das cavidades ocupadas ter decrescido 

significativamente nos locais onde a experiência de bloqueio foi realizada, diminuindo de 

um valor médio de 0.63 ± 0.16 SD no período de pré-tratamento para 0.17 ± 0.17 no 

período de pós-tratamento. Desta forma, os resultados obtidos corroboram a hipótese de 

que as aves NSC estão limitadas pela disponibilidade de locais de nidificação adequados 

nestas florestas de Carvalho-negral. Além do mais, várias caixas-ninho foram utilizadas 

apesar de um grande número de cavidades ter também sido ocupado nesses mesmos locais. 

O aumento da densidade nestas áreas poderá ter sido causado pela existência de uma 

população de indivíduos floaters não reprodutores.  

O tamanho da amostra revelou-se insuficiente para uma análise mais detalhada ao nível 

das espécies. Consequentemente, os conhecimentos sobre os mecanismos que se 

encontram por detrás da dinâmica das populações de NSC nas florestas de Carvalho-

negral, não foram aprofundados.  
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A futura investigação na presente área de estudo deve ser orientada nesta direcção, bem 

como no sentido de analisar a presença das populações de indivíduos floaters. 

 

Palavras-chave: nidificantes em cavidades, limitação de locais de nidificação, recurso 

limitante, Quercus pyrenaica. 
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SUMMARY  

 

Tree cavities, potential nest sites, may act as a limiting resource for populations of 

secondary cavity-nesting (SCN) species. We examined the response of an assemblage of 

SCN birds, in forests of Pyrenean Oak (Q. pyrenaica), NW of Spain, to the first 

experiment of both increment and reduction of nest site availability, with a replicated 

before-after-control experimental design ever tried. Nest density increased significantly 

with the addition of nest-boxes by 40% and decreased also significantly with cavity 

blocking by 57% during the post-treatment period (2008), compared to pre-treatment 

period (2007). Nests of 8 SCN were recorded: Green Woodpecker, Eurasian Nuthatch, 

Short-toed Treecreeper, Great Tit, Blue Tit, Spotless Starling, Pied Flycatcher and 

Common Redstart. Cavity suitability index – based on pre-treatment occupation – also 

declined significantly along with the cavity blocking experiment. Moreover, reused 

cavities had a higher suitability index than those cavities used only once. The results 

support the hypothesis that the assemblage of SCNs in Pyrenean Oak forests is limited by 

the availability of suitable nest-sites. 

 

Keywords: cavity-nester, nest site limitation, resource limitation, Quercus pyrenaica. 
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1. INTRODUCTION 

 

Cavity-nesting (CN) species are a major component of forest communities. Among the 

communities of cavity nesters, bird communities are one of the most important groups in 

terms of number of species and abundance (Newton 1994). Martin and Eadie (1999) 

proposed the concept of nest webs (an analogy to food webs) to explain some topics of the 

dynamics of CN bird communities. Following the nest web approach, there is a central 

resource required by all members of the assemblage, the tree cavities, around which the 

individuals are structured in a hierarchical manner displaying intra- and inter-specific 

interactions (Pimm 1980; Martin and Eadie 1999). This critical resource can be produced 

by members of the community, the primary cavity-nesters (PCN), among which are certain 

woodpecker species (Martin et al. 2004; Martin and Eadie 1999). The cavities can also be 

formed in other ways, like fungal decay, insect activity or limb breakage (Newton, 1994). 

Species that don’t possess the ability of excavating their own cavities are called secondary 

cavity-nesters (SCN). To this group belong tits, ducks, owls, starlings and many others. A 

third group of species comprises those that can chip out their own nests in decayed trees, 

but also use naturally occurring holes or created by other species. Is the case of some 

nuthatches and woodpeckers species. These three groups (PCN, WE and SCN) represent 

different levels of dependence from existing cavities, evidencing a clear hierarchical 

structure. Several links are created within and between species in these levels and can be of 

competition or of facilitation type, direct or indirect (Martin and Eadie, 1999). The nest 

web approach allows the development of network analyses of CN communities, as the 

mechanisms underlying cavity excavation and use are, to some extent, clear and 

experimentally testable trough cavity manipulation (Blanc and Walters, 2007). Studies 

with CN communities are now beginning to arise with the goal of exploring community 

structure and function, and responses to environmental changes (Martin et al. 2004; Blanc 

and Walters 2008). 

It is reasonable to think that the availability of cavities can act as a limiting factor of the 

CN community (von Haartman 1957), particularly for SCN populations (Newton 1994). 

This is an idea that came first from circumstantial evidence found in many studies, for 

instance, observation of inter- and intra-competition for nesting-holes (von Haartman, 

1957) causing the displace of birds leading the individuals to find an alternative hole 

(Edington and Edington 1972) or  the reuse of cavities by different pairs in the same season 
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(Newton 1994). The most influent indirect evidence is probably the observation of parallel 

variations in CN populations and density of cavities (Scott 1979). 

Nevertheless, experimental demonstration is needed in order to test the role of nest 

sites in limiting natural populations of CN. Several experimental studies have increased the 

number of potential nest-sites by supplying nest-boxes (Hamerstrom et al. 1973; Enemar 

and Sjöstrand 1972). However, most of such studies were deficient in terms of design due 

the lack of a control and/or replicates, which make comparisons impossible and alternative 

explanations opened to discussion (see review in Newton 1994). A few studies that used 

nest-box addition provided experimental controls and spatial replication. An experiment 

undertaken by Brawn and Balda (1988) in Northern Arizona’s ponderosa pine forests 

produced an annual variation in the breeding densities, along 3 years of treatment, 

significantly related with the increases recorded in nest-boxes, on two treatment sites. 

These sites had a more recent past of siviculture pressure than a third one, where no 

significant variation was observed. Another experiment, performed by Holt and Martin 

(1997) with Mountain Bluebird (Sialia currucoides) and Tree Swallow (Tachycineta 

bicolor) in a mosaic of clearcuts with different ages, resulted in an increase of nesting pairs 

of both species as well as expanded the age of occupied patches. Additionally, the presence 

of non-breeding floaters was tested and confirmed. Moreover, Loman (2006) conducted a 

study in a very fragmented agricultural landscape in Sweden, where the addition of nest-

box resulted in a significant increase in the number of territories for Pied Flycatcher 

(Ficedula hypoleuca) in larger patches, while Great Tit (Parus major) increased its 

territories numbers regardless of the patch size, breeding in smaller patches after nest-box 

provision than recorded in control. Still, nest-box use does not always necessarily indicate 

nest site limitation, because this usage can sometimes be merely compensatory rather than 

additive (van Balen et al., 1980; Newton 1994) 

The opposite type of resource manipulation can be done as well, i.e. somewhat limiting 

possible nest sites, which, until now is more rare. As a matter of fact, only recently 

experiences were done that actually involved blocking of natural cavities, experimental vs. 

control replicates and pre- and post-blocking data. One was carried out by Aitken and 

Martin (2008) and the other by Strubbe and Matthysen (2009), where plasticity in nest site 

use after cavity blocking was assessed. In the Aitken and Martin (2008) experiment, where 

previous occupied cavities were blocked for two years, overall community nest abundance 

declined during 2 years of treatment when compared with the two control years of pre-

treatment. Moreover, the community was able to recover in the two following years after 
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post-treatment. In the study conducted by Strubbe and Matthysen (2009), blocking cavities 

occupied by the introduced Ring-necked Parakeets (Psittacula krameri) in the pre-

treatment year resulted in a decline of European Nuthatches breeding pairs in the post-

treatment year, largely due to nest take-overs by Parakeets. Waters et al. (1990) carried out 

an experiment with blocked cavities for two years in the western foothills of Sierra Nevada 

but without spatial replication while pre-treatment data was not specified. Nonetheless, in 

neither year did the density of SCN birds’ territories declined more than in the control site. 

Brush (1983), in a riparian habitat along the lower Colorado River in Arizona, found a 

significant decline of CN community breeding pairs after experimental cavity blocking in 

one site, whereas an increase in breeding pairs was observed after nest-box addition in 

another plot, but no spatial replication was undertaken. 

As the extent of my knowledge goes, there are no studies that examine the influence of 

nest-site availability on the populations of SCNs by using a replicated before–after-control 

experimental design where the critical resource is experimentally increased (by nest-box 

addition) and reduced (by blocking cavities). Such study would provide the strongest 

evidence of the availability of cavities as a limiting factor of the assemblage of SCNs.  

The aim of this study is to assess the influence of the availability of cavities on the 

abundances of SCNs in Pyrenean oak (Quercus pyrenaica) forests in the southern 

Cantabrian Mountains (NW Spain). To do this, a replicated before–after-control 

experimental design was used, where the critical resource (cavities) was experimentally 

increased by adding nest boxes and reduced by blocking previously occupied cavities 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 



2. METHODS 

 

2.1. Study area 

The Geographical area of the study lies in the southern foothills of the Cantabrian 

Mountains, Northwestern Spain (autonomous region of Castilla-León) in a space of 

bioclimatic transition between Mediterranean and Eurosiberian regions (centred on 42º 

44’N, 5º 1’W) (Penas 1995 in Robles et al. 2007). This landscape is dominated by 

Pyrenean Oak (Q. pyrenaica) (85% of the area) a typical resprouter (Calvo et al. 1999). In 

the Iberian Peninsula, Q. pyrenaica is distributed between sclerophyllous forests, 

dominated by Holm Oak (Q. ilex), and temperate deciduous forests dominated by Sessile 

Oak (Q. petraea) or European Beech (Fagus sylvatica) (Tárrega et al. 2006). Other oak 

species are also present at much lower proportions, Q. faginea, Q. paucirradiata. Other 

forested habitats (2%), such as pine plantations (Pinus pinaster and P. sylvestris), beech 

(F.sylvatica), river banks (Populus sp., Salix sp., Fraxinus sp.) and Holm Oak (Q. 

rotundifolia) forests, are also present. The remaining 13% is covered by non-forested 

habitats (pastures, scrublands, cereal croplands, roads and urban areas) (Penas 1995 in 

Robles et al. 2007). This study was carried out on 9 study sites located in Pyrenean Oak 

tracks with an average size of 7.9 ± 2.7 ha (mean ± SD), ranging from 4.7 ha to 13.9 ha 

(Table A1, appendix). 

 

 

 

2.2. Data collection 

In winter-early spring of 2007, all the trees at the study sites were inspected in order to 

identify all the cavities. The location of each tree containing one or more cavities was 

recorded by GPS (Global Positioning System) and DBH (diameter at breast height), 

condition (alive or decayed: trunk partially debarked, with polyporous fungi or those 

completely dead with no living parts), height and species of each tree were noted in order 

to identify them in subsequent visits. Nearly all the trees were Q. pyrenaica (456 of 466), 

the rest ones were Common Hawthorn (Crataegus monogyna). In addition, a set of 

characteristics was recorded for all cavities from the ground: DCH (diameter at cavity 

height), cavity condition (alive or dead), cavity height above the ground, cavity orientation 

(categorized), and the width and height of the cavity entrance. 
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Cavities occupied by CN during the breeding season of 2007 were blocked during the 

post-breeding season (ending July) in the same year with branches and twigs in 3 out of 9 

experimental sites. Overall, cavity blocking resulted in a 22% decrease of hole numbers in 

blocking sites (n = 47). In the second lot of 3 experimental sites, 52 nest-boxes were added 

in winter 2007-2008. The number of boxes added was related to the number of nests in 

2007 so that the number of “suitable” cavities was, at least, doubled. This resulted in an 

overall increase of suitable nest sites of 19%. Half of the nest-boxes measured 15x15x24 

with an entrance diameter of 35 mm, the other half measured 17x17x30 with 50 mm of 

entrance diameter. The purpose was to allow species with different sizes to enter by 

comprising the range of sizes available in the wild. The remaining 3 sites were used as 

controls.  

In 2007 and 2008, all cavities were inspected between May and July as by the beginning 

of May the majority of the nests are completely built (H. Robles and C. Ciudad, pers. obs.). 

They were surveyed at least once by using a 9 meters ladder, a flashlight and a dentist 

mirror. Whenever it was necessary, a second survey was carried out in order to confirm the 

species occupancy. A cavity was considered occupied when there was a finished nest, 

presence of eggs and/or nestlings. Also behavioral cues were used, such as observation of 

birds entering with nest material or with food and the sound of begging nestlings. In more 

specific cases, evidences at the entrance could be found, such as mud from Nuthatches or 

droppings from Starlings. With regard to Blue Tit and Great Tit nests, they were often 

impossible to distinguish from each other. Cavities located in trees dangerous to climb or 

out of reach for the ladder were inspected from the ground. Nest-boxes were surveyed at 

least once a week between April and July 2008, as part of a study of breeding performance 

of Great Tit and Blue Tit. 

In spring 2009, a set of characteristics was recorded for all cavities monitored before, 

this time reaching it with the ladder: DCH, cavity height above the ground, vertical depth, 

entrance depth, entrance width and height and thickness of the front wall and compass 

orientation. Thus, it was possible to measure some relevant cavity characteristics not 

measured before and also obtain more exact measurements of some characteristics 

previously measured. Concerning the width and height of the cavity entrance, a single 

variable called entrance diameter was created by choosing the lowest value between both. 

Some measurements could not be taken directly from trees dangerous to climb or out of the 

reach of the ladder. Overall 637of 720 cavities were completely assessed. 
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2.3. Statistical analysis 

 

2.3.1. Effect of the treatments on nest density 

The effect of adding nest-boxes and blocking cavities on the density of cavity nests was 

assessed by Generalized Linear Mixed-Effects Models (GLMM) with a Gaussian 

distribution. GLMMs are an extension of GLMs (Generalized Linear Models) as they 

include random effects in the predictor. In our data, we have a level-one unit (the 

observations within the sites) and a level-two unit (the sites). In grouped data like this 

where one finds several levels of observations, assumptions of independence are violated. 

As a consequence, fixed effects models may not be the most appropriate framework as 

these assume that all observations are independent of each other. Thus, for each site the 

model will add a random effect, enlarging the linear predictor. These random effects 

represent the influence of the site on its repeated observations that is not captured by the 

observed covariates (here treatment type and period) (Everitt and Howell 2005). Treatment 

type (cavity blocking, nest-box addition and control) and period (pre-treatment and post-

treatment) were fitted as fixed terms and site as a random term.  

The dependent variable was the density of nests of all SCN species. Sample sizes did 

not allow species by species analysis. If the addition of boxes or cavity blocking has an 

effect on SCN populations, a significant interaction between each treatment type and the 

period is expected (Aitken and Martin 2008). 

 

2.3.2. Nest site use, suitability and reuse 

Other analyses were pursued in order to verify if there were any changes in the quality 

of occupied holes after the experiment. To address this question, we first carried out a 

model-building technique according to Hosmer and Lemeshow (1989) to analyze nest site 

use by comparing the characteristics of occupied and unoccupied cavities by the birds. 

First, univariate GLMMs with logistic distribution were built for each tree and cavity 

characteristic, having 2007 occupation data (occupied 1 vs. unoccupied 0) as response 

variable. The univariate analyses were performed after testing for correlated variables, as 

collinearity among these is known to affect the efficiency of the models (Quin and Keough 

2002) no strong correlations were found (all rs < 0.5). Second, a multivariate logistic 

GLMM was built with all the variables with significant results from the previous analyses. 

With the important covariates according to this preliminary model, a last model was built, 

containing the determinants of cavity occupancy. The significant threshold value used in 

11 



the first two steps was α = 0.25. In the last model it was set as α = 0.05. For all the logistic 

analyses, the characteristics were fitted as fixed effects and both site and tree identities 

were fitted as the random effects. 

A suitability index was assigned to each cavity by using the predicted values (ranged 

from 0 = minimum suitability to 1 = maximum suitability) of the final GLMM with the 

characteristics that were related to occupation of CN in the pre-treatment period. Next, 

another GLMM with a Gaussian distribution was carried out to seek possible changes in 

the suitability index after shifting the availability of holes experimentally. Suitability of 

nests was the dependent variable, treatment type and period were fitted as fixed effects and 

site and tree identity as random effects. If the addition of boxes or cavity blocking lead to 

changes on the suitability of occupied cavities in relation to control sites, a significant 

interaction between each treatment type and the period is expected.  

A final logistic GLMM was performed in order to perceive if reused cavities held a 

higher quality than cavities occupied only once (either in pre-treatment or in post-treatment 

period) and if cavities in the nest-boxes sites were reused at a higher or lower rate when 

comparing to control sites. The response variable was cavity reuse (reused 1, non-reused 

0). Suitability index of cavities and the treatment type (nest-box addition and control) were 

fitted as fixed effects, while both site and tree identities were defined as random effects. 

 
Statistical analyses were performed with the R software, version 2.9.1 (R Development 

Core Team 2009). 
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3. RESULTS 

 

3.1. Avifauna recorded       

Nests of 10 species were recorded. 

2 PCN: 

• Great Spotted Woodpecker Dendrocopos major,  

• Middle Spotted Woodpecker Dendrocopos medius.  

8 SCN: 

• Green Woodpecker Picus viridis,  

• Eurasian Nuthatch Sitta europaea,  

• Short-toed Treecreeper Certhia brachydactyla,  

• Great Tit Parus major,  

• Blue Tit Cyanistes caeruleus,  

• Spotless Starling Sturnus unicolor,  

• Pied Flycatcher Ficedula hypoleuca,  

• Common Redstart Phoenicurus phoenicurus.  

Green Woodpeckers were SCN in this area instead of WE, as they did not build their 

own cavities, using previously existent holes. 

 

 

 

3.2. Effect of the treatments on nest density 

Mean cavity density in pre-treatment was 12.8 cavities.ha-1, 9.6 cavities.ha-1 and 8.8 

cavities.ha-1 in nest-boxes, blocking and control sites respectively. In post-treatment 

period, mean cavity density changed to 14.6 cavities.ha-1 and 7.45 cavities.ha-1 in nest-

boxes and blocking sites respectively, whereas in control it was maintained. Great Tit, Blue 

Tit and Spotless Starling were only the three species occupying nest-boxes. 

Nest density was significantly higher on nest-box sites relative to control sites after 

adding nest-boxes than before the treatment (Table 1, Fig. 1). Conversely, nest density was 

significantly higher on control sites relative to blocking sites after blocking than before the 

treatment (Table 1, Fig. 1). 
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Table 1. Generalized linear mixed-effect model assessing the effect of treatment type (control, nest-box 

addiction and cavity blocking), period (pre-treatment and post-treatment) and their interaction on SCN nest 

density. df  = 6 for all parameters. 

SCN data 
Parameter 

Estimate ± SE t P 

Intercept 2.13 ± 0.71 3.02 0.023 

Period, post-treatment vs. pre-treatment -0.42 ± 0.21 -2.00 0.092 

Treatment, boxes vs. control -0.36 ± 1.00 -0.36 0.733 

Treatment, blocking vs. control -0.01 ± 0.10 -0.01 0.990 

Post-treatment period x boxes treatment 1.19 ± 0.30 4.00 0.007 

Post-treatment period x blocking treatment -0.83 ± 0.30 -2.81 0.031 

 

 
 
 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Nest density (mean ± SE) of SCN, (i) cavity-blocking vs. control, (ii) nest-box addition vs. control. 

Doted lines represent the control treatment, solid lines the nest-box addition or cavity blocking experiments.  
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3.3. Nest-site use, suitability and reuse 

The final logistic model on nest-site use in the pre-treatment period showed that CN 

occupation was influenced by the cavity origin, entrance diameter, vertical depth, tree 

condition and DBH (Table 2). Birds preferred living trees and woodpecker-created cavities 

for nesting (Table 3). The mean entrance diameter and DBH of occupied cavities was 

significantly lower than the unoccupied ones, whereas mean vertical depth was 

significantly higher for occupied cavities (Table 3).  

 

 

Table 2. Final generalized linear mixed-effect model assessing nest-site use in the pre-treatment period. For 

all parameters df = 191, except for intercept and tree condition where df = 432 

CN community data 
Parameters 

Estimate ± SE t P 

Intercept -0.74 ± 0.56 -1.33 0.183 

Origin, woodpecker vs. natural 0.87 ± 0.40 2.16 0.032 

Vertical depth 0.02 ± 0.01 3.08 0.002 

Tree condition, alive vs. decayed 0.95 ± 0.30 3.17 0.002 

Entrance diameter -0.18 ± 0.06 -3.12 0.002 

DBH -0.03 ± 0.01 -3.17 0.002 
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Table 3. Mean and standard deviation of the continuous cavity and tree variables for occupied and 

unoccupied cavities in pre-treatment period. Proportions for categorical variables are also indicated. Number 

of cavities measured in each variable are presented. 

  Pre-treatment period 

  Unoccupied Occupied 

Continuous variables (cm) (n)  Mean ± SD n Mean ± SD n 

Vertical depth (638)
  21.0 ± 16.3 509 23.6 ± 11.0 127 

Entrance diameter (718)
  5.6 ± 3.0 580 4.9 ± 1.4 138 

DBH  (720)
  51.6 ± 21.1 582 43.5 ± 16.4 138 

DCH (670)
  41.5 ± 20.4 575 35.0 ± 13.3 95 

Thickness of the front wall (638)  6.1 ± 3.2 509 5.9 ± 2.6 129 

Height (718)  4.6 ± 2.5 581 4.2 ± 2.1 137 

  Unoccupied Occupied 

Categorical variables (n)  Proportion (%) n Proportion (%) n 

Cavity origin       

Woodpecker  (60)  7.4 12.3 

Natural  (660)  96.2 
582 

87.7 
138 

Tree condition       

Alive  (423)  69.4 80.4 

Decayed  (297)  30.6 
582 

19.6 
138 

Cavity condition       

Alive  (515)  55.7 71.7 

Dead  (205)  44.3 
582 

28.3 
138 

 

 

The suitability of the occupied cavities in the blocking sites declined from a mean value 

of 0.63 ± 0.16 SD to 0.17 ± 0.17 from pre-treatment to post-treatment period, respectively. 

Nest-box sites suffered a cavity suitability reduction from 0.63 ± 0.19 to 0.45 ± 0.32, and 

nest suitability in control sites decreased from 0.57 ± 0.19 to 0.35 ± 0.27. Nest site 

suitability did not change significantly in nest-box sites in comparison to control sites from 

pre-treatment to post-treatment period, but the suitability of the nests was reduced in 

blocking sites in comparison to control sites after the treatment (Table 4). 

16 



  

Table 4. Generalized linear mixed-effect model assessing the variation in SCN nest-site suitability in relation 

to treatment (nest-box addiction, blocking and control), the period (pre-treatment and post-treatment) and 

their interaction. Df = 6 for all parameters. 

SCN data 
Parameter 

Estimate ± SE t P 

Intercept 0.47 ± 0.04 13.10 0.000 

Period, post-treatment vs. pre-treatment -0.03 ± 0.02 -1.37 0.179 

Treatment, boxes vs. control 0.03 ± 0.05 0.60 0.556 

Treatment, blocking vs. control 0.09 ± 0.05 1.82 0.071 

Post-treatment period x boxes treatment 0.03 ± 0.03 0.83 0.412 

Post-treatment period x blocking treatment -0.17 ± 0.05  -3.41 0.001 

 

 

Overall, 48 cavities were reused during post-treatment period, 32 of them by the same 

species. Where nest-boxes were added, the reuse rate was 53% and on the control sites 

51%. The overall mean suitability of reused cavities on the three nest-box sites was 0.68 ± 

0.16 SD, higher than cavities used only once (0.35 ± 0.30). Also, mean suitability of reused 

cavities on control sites (0.53 ± 0.21) was higher than that of not reoccupied cavities (0.41 

± 0.30). Differences in cavity suitability of reused and non-reused cavities were significant, 

but the addition of nest boxes did not lead to an increase of the reuse rate in relation to 

control sites (Table 5).  

Two blocked cavities were opened and reused in 2008 by Spotless Starling and Green 

Woodpecker, on the same site. The cavities had been previously occupied by European 

Nuthatch and Green Woodpecker and had a suitability value of 0.39 and 0.42, respectively. 

 

 
Table 5. Generalized linear mixed-effect model assessing the suitability, the cavities and the effect of nest-

box addiction vs. control on cavities reuse. For intercept and suitability index df = 94, treatment df = 4. 

 

SCN data 
Parameter 

Estimate ± SE t P 

Intercept -9.48 ± 2.16 -4.39 0.000 

Suitability index, reoccupied vs. occupied only once 15.59 ± 3.66 4.26 0.000 

Treatment, boxes vs. control -0.25 ± 2.06 -0.12 0.909 
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4. DISCUSSION 

The results support the hypothesis that the assemblage of SCNs in Pyrenean Oak forests 

is limited by the availability of suitable nest-sites. The experimental reduction of potential 

nest-sites, by blocking previously occupied cavities, led to a reduction of the nest density 

in relation to control sites. Conversely, the experimental increase of nest-sites, by adding 

nest-boxes, led to an increase of the nest density in relation to control sites.  

Further support to this hypothesis comes from the changes in the suitability of the nest 

sites after the manipulation of the cavity density. Blocking previously occupied holes 

resulted in a reduction of good quality cavities available for use during the post-treatment 

period, suggesting that a deficit of suitable cavities for nesting in these forests may lead to 

a decrease in the nest abundance. In turn, providing nest-boxes did not cause a significant 

effect and mean suitability varied in a similar way to control sites, showing that the 

increment of suitable cavities led to an increase of the nest densities. Indeed, several nest-

boxes were occupied despite a high number of natural cavities were also used after 

treatment.  

A potential shortcoming of this study comes from the way we assessed cavity 

suitability. Indeed, cavity quality was determined in terms of birds occupancy during one 

breeding season, which, at some extent, is a limited approach, as no demographic data is 

being collected and the habitat quality concept lies precisely in demography (Johnson 

2007), being nest site selection a subset of habitat selection (Jones 2001). That is, this 

suitability index based on cavity occupancy might not be proportional to real cavity quality 

if not all nests attain the same success (Martin and Li 1992; van Balen et al. 1982). 

Nevertheless, reused cavities had a higher suitability index than those cavities used only 

once, and successful nests are expected to be reused more often than unsuccessful ones 

(Saab et al. 2004), supporting the idea that the index of suitability may be a good indicator 

of cavity quality.    

Comparing the impacts on nest density created by both types of treatments, the 

percentage of decrease inflicted by blocking cavities (57%) was higher than the percentage 

of increase inflicted by adding nest-boxes (40%). However, the blocking effect was not 

statistically as high as in the case of nest-box addition, because nest density also 

diminished on control sites during the post-treatment period (19%). This decrease in nest 

density on control sites may have been influenced by the weather conditions during the 

breeding or the non-breeding season, as it is known that both can cause impact on the 

fluctuations in the size of bird populations (Sæther et al. 2004). 
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Though the variation in nest density for each species was not analyzed, the increase of 

nest density after the addition of nest-boxes could have been accounted by breeding pairs 

belonging to species that build nests in boxes, mainly Blue and Great Tit, as Spotless 

Starling only used two nests-boxes. The increase in nest density may have happened 

because there was a surplus of floaters in such bird species that occupied the new breeding 

sites. Indeed, the presence of non-breeding floaters has been showed experimentally in 

previous studies where nest-boxes supplied after the beginning of the breeding season were 

occupied by individuals that did not have a suitable place to nest before nest-boxes were 

established (Newton 1994; Holt and Martin 1997). The confirmation of this hypothesis 

requires ringing pairs and looking at if such birds shift from natural cavities to nest-boxes 

for nesting or if the occupation of nest-boxes is due to non-breeding floaters (Holt and 

Martin 1997). More research is therefore needed to assess the influence of floaters in the 

SCN assemblage of Pyrenean Oak forest. 

This study is, to my knowledge, the first showing that the assemblage of SCNs is 

limited by the availability of suitable nest-sites by using a replicated before-after-control 

experimental design where the critical resource was experimentally both increased and 

reduced. A previous experiment undertaken by Brush (1983) in a riparian habitat along the 

lower Colorado River in Arizona, also resulted in a significant decline of CN community 

breeding pairs after experimental cavity blocking in one site, whereas an increase in 

breeding pairs was observed after nest-box addition in another plot, but no spatial 

replication was undertaken. The study performed by Aitken and Martin (2008) with a CN 

community in British Columbia also showed an experimental reduction of nest densities 

after blocking in several replicated experimental sites, but they didn’t supply nest-boxes to 

confirm an hypothetical increase in nest numbers. Even had Aitken and Martin (2008) 

worked in an area with a higher cavity density (mean of 27.3 cavities.ha-1 in pre-treatment 

and 14.8 cavities.ha-1 in post-treatment) than in this study, the average decrease in nest 

abundance after blocking (42%) was quite similar to the decrease in Pyrenean Oak forests 

(41%).  

Unfortunately, species-specific analyses on the effects of the experimental variation of 

potential nest-sites could not be done, as the numbers of nests per each species were too 

low. Thus, we can not go deeper into some interesting mechanisms behind the dynamics of 

SCN populations such as nest-site competition or facilitation (Aitken and Martin 2008, 

Blanc and Walters 2008, Strubbe and Matthysen 2009). Future research in Pyrenean Oak 

forests should be oriented in this direction. 
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APPENDIX 1 

 
Fig. A1. Information on experimental and control sites. 
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nest density 

increase / 

reduction per 

treatment 
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Number of 
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cavities 

blocked 
(number of nest-
boxes occupied) 

% of  

“cavities” 

increased 

/ reduced 

Mean % of 

“cavities” 

increased / 

reduced per 

treatment 

type 

Corcos 8.8 169  
(19.2) 

199 
(22.6) 

 27 38  3.18 4.32 + 36 + 30 (15) 18 

Olaja 4.7 84 
(17.9) 

96 
(20.4) 

 9 10  1.91 2.13 + 16 + 12 (2) 14 

Bardal-
Merendero 

Nest-boxes 

8.5 15 
(1.8) 

25 
(2.9) 

 3 10  0.35 1.18 + 237 

+ 40 

+ 10 (5) 67 

+ 19 

Vértice 8.5 130 
(15.3) 

110 
(12.9) 

 20 8  2.47 1.06 - 57 - 20 15 

Merendero 8.2 60 
(7.3) 

43 
(5.5) 

 19 8  2.32 0.98 - 58 - 17 28 

Almanza 

Blocking 

5.9 26 
(4.4) 

16 
(2.7) 

 10 4  1.86 0.85 - 54 

- 57 

- 10 38 

- 22 

Vertedero 5.6 73 
(13.0) 

73 
(13.0) 

 14 10  2.50 1.96 - 22  
 

Prado 7.2 141 
(19.6) 

141 
(19.6) 

 25 22  3.61 3.06 - 16  
 

Bardal- 
Can 

Control 

13.9 22 
(1.6) 

22 
(1.6) 

 6 4  0.50 0.36 - 28 

- 19 
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