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Abstract Avian nests function to provide a safe environ-

ment for parents, eggs and nestlings. Positive associations

between nest size and other components of breeding per-

formance are expected in two conditions. First, larger nests

protect nest occupants better against environmental fluc-

tuations (e.g., weather) than smaller nests. This implies that

nest size is a determinant of survival in nest occupants.

Second, if reproduction is physically costly, ‘‘stronger’’

parents are expected to be able to build both larger nests

and rear more offspring. Here we present the findings of a

17-year correlative nest box study in Corsican Blue Tits

(Cyanistes caeruleus ogliastrae) that examined the asso-

ciations between nest size and different aspects of breeding

success. We found that females with larger nests produced

more fledglings, but did not produce more hatchlings or

heavier nestlings than females with smaller nests. The

analyses involving nest size controlled for other female

characteristics (first-egg date, clutch size, female age) and

environmental factors (oak habitat type, weather during the

nestling stage) which we assumed could influence aspects

of breeding success. Our findings concerning associations

between the size of the nest and breeding success differ

from those reported in previous studies in other geographic

regions, perhaps because the costs that are associated with

reproduction or the local environmental conditions that

influence breeding performance are population specific.

Our correlative study illustrates that avian studies of niche

construction may benefit from long-term multi-factor

investigations.

Keywords First clutch � Breeding success � Animal

construction � Niche construction

Zusammenfassung

Bei korsischen Blaumeisen (Cyanistes caeruleus) in

einem eichendominierten Inselhabitatmosaik korreliert

die Nestgröße positiv mit dem Ausfliegeerfolg

Vogelnester fungieren als sicheres Umfeld für Elternvögel,

Eier und Nestlinge. Positive Beziehungen zwischen

Nestgröße und anderen Komponenten der Reproduktions-

leistung sind unter zwei Voraussetzungen zu erwarten.

Erstens bieten größere Nester ihren Bewohnern besseren

Schutz vor schwankenden Umweltbedingungen (zum Bei-

spiel dem Wetter) als kleinere Nester. Dies würde bedeu-

ten, dass die Nestgröße für das Überleben der Nestinsassen

einen entscheidenden Faktor darstellt. Zweitens wäre,

sofern die Fortpflanzung physische Kosten mit sich bringt,

zu erwarten, dass ,,kräftigere‘‘Elternvögel sowohl größere

Nester bauen als auch mehr Junge großziehen können. Hier

stellen wir die Ergebnisse einer 17-jährigen korrelativen

Nistkastenstudie an korsischen Iberienblaumeisen (Cya-

nistes caeruleus ogliastrae) vor, bei der die Beziehungen

zwischen Nestgröße und verschiedenen Aspekten des

Bruterfolgs untersucht wurden. Wir stellten fest, dass

Weibchen mit größeren Nestern mehr flügge Jungvögel

aber nicht mehr Schlüpflinge oder schwerere Nestlinge

hervorbrachten als Weibchen mit kleineren Nestern. Für

die Auswertungen nach Nestgröße wählten wir andere

Weibcheneigenschaften (Erstlegedatum, Gelegegröße,
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Alter des Weibchens) und Umweltfaktoren (Eichenwald-

typ, Wetter während der Nestlingsperiode), von denen wir

annahmen, dass sie ebenfalls Einfluss auf Aspekte des

Bruterfolges haben könnten, als Kontrollgrößen. Unsere

Befunde bezüglich der Beziehungen zwischen Nestgröße

und Bruterfolg unterscheiden sich von denen früherer

Studien aus anderen geografischen Regionen, möglicher-

weise da die Kosten im Rahmen der Fortpflanzung oder die

lokalen Umweltbedingungen, welche den Bruterfolg

beeinflussen, populationsspezifisch sind. Unsere korrela-

tive Studie verdeutlicht, dass ornithologische Untersu-

chungen zur Nischenbildung von langfristigen

multifaktoriellen Forschungsarbeiten profitieren können.

Introduction

Many animal offspring develop in constructions, like nests,

containers, burrows or holes (Hansell 2000; Schaedelin and

Taborsky 2009; Møller et al. 2014b). Animal constructions

are among the first examples mentioned in discussions

concerning extended phenotypes (Dawkins 1982; Schaede-

lin and Taborsky 2009; Mainwaring et al. 2014) or processes

of ‘‘niche construction’’ (e.g., Laland and Sterelny 2006).

A large nest could be considered the product of niche

construction aimed to improve the living conditions and

survival probabilities of the nest occupants. Nest size is

therefore expected to be positively associated with breed-

ing success. First, larger nests might be able to offer better

environments to occupants. For instance, larger nests might

have physical properties that favor the thermodynamic

conditions inside the nest, therefore improving the energy

budgets and survival probabilities of the breeding parents

(e.g., incubating females) or the developing offspring (Nice

1957; Skowron and Kern 1980; Slagsvold 1989a, b; Nager

and van Noordwijk 1992; Hansell 2000; Lima 2009;

Schaedelin and Taborsky 2009; Deeming et al. 2012;

Mainwaring et al. 2012, 2014; Møller et al. 2014a, b;

Glądalski et al. 2016). Thus, if nests create more optimal

microclimates for offspring growth, then larger nests

should result in greater breeding success. This would also

imply that nest size per se might impact directly on other

aspects of breeding performance. Second, the strength of

the association between nest size and other aspects of

breeding performance might result from physical abilities

of the parents. For instance, if different aspects of repro-

duction are physically costly, individuals of higher phe-

notypic quality are expected to be able to construct larger

nests, incubate more eggs and rear more nestlings (e.g., van

Noordwijk and De Jong 1986). Individual quality (e.g., van

Noordwijk and De Jong 1986; Doutrelant et al. 2008)

might then be the common cause (direct or indirect) of the

existence of positive associations between different aspects

of breeding, like nest size and brood size.

Standardized man-made boxes accessible to researchers

allow the routine monitoring of cavity nests and their

contents facilitating the investigation of relationships

between nest size and other aspects of breeding perfor-

mance (Newton 1994; Lambrechts et al. 2010; Mainwaring

2015) that are logistically very difficult to study in other

species that do not breed inside nest boxes. In the most

frequently investigated model species (Blue Tit Cyanistes

caeruleus, Great Tit Parus major), descriptive nest box

studies reported most often weak positive associations

between proxies of nest size on the one hand and timing of

breeding, hatchability of the eggs, brood size or fledging

success on the other (Alabrudzińska et al. 2003; Tomás

et al. 2006; Lambrechts et al. 2012, 2016b; Álvarez et al.

2013; Tomás et al. 2013). Some of these studies found

significant relationships between size components of the

nest (e.g., cup dimension, fraction or mass of moss or

sticks, nest depth) and aspects of breeding performance.

For instance, Great Tits produced smaller clutches in nests

with more moss (Alabrudzińska et al. 2003; Álvarez et al.

2013). Two field studies at more northern latitudes (Poland

and UK) reported significant positive associations between

nest components and other aspects of breeding perfor-

mance, although the strength of these associations differed

between Great and Blue Tits that occupied the same box

types in the same study plots (Deeming and Pike 2015;

Glądalski et al. 2016). However, most nest box studies

interested in reproductive consequences of nest size usually

lasted a couple of years (see also Lombardo 1994; Rendell

and Verbeek 1996; but see Lambrechts et al. 2016b)

despite the fact that nesting conditions may vary substan-

tially across years in long-term studies, and were rarely

combined with quantitative studies of environmental fac-

tors (e.g., weather, dominant vegetation) during the nest-

ling stage (e.g., Mainwaring et al. 2014). Nest

characteristics and their associations with other aspects of

breeding remain underappreciated research topics com-

pared to other life history traits that are expressed after nest

building [e.g., timing of reproduction, clutch size, nestling

provisioning (Mainwaring et al. 2014; Møller et al.

2014a, b; Lambrechts et al. 2016a, b)].

In Corsica, individual female Blue Tits differ in the

characteristics and size of their cavity nests (e.g., Mennerat

et al. 2009; Lambrechts et al. 2015, 2016a). However, the

associations between nest size and other aspects of breed-

ing performance have not been explored with long-term

studies. Here, we report the results of a 17-year descriptive

study of nest size and three measures of breeding success

(number of hatchlings, number of fledglings, nestling body

mass) in Corsican Blue Tits, whilst also taking into account

other life history traits (first-egg date, clutch size, female
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age) and environmental factors (ambient temperature and

rainfall during the period of nestling growth, dominant oak

species). These abiotic and biotic factors are usually con-

sidered in long-term avian field investigations of breeding

success (e.g., Perrins 1979; Blondel et al. 1990, 2006;

Møller et al. 2014a, b; Charmantier et al. 2016; Lambrechts

et al. 2016a, b). The main aim of this study was to explore

associations between nest size and breeding success that

can then be further investigated with field experiments in

the future. Based on the literature and the background

information available for the Corsican study system, we

made the following assumptions to guide our analyses

involving nest size:

1. Nest size, laying date, clutch size and/or female age have

been considered as proxies of female quality (Przybylo

et al. 2001; Doutrelant et al. 2008; Mainwaring et al.

2008; Lambrechts et al. 2014, 2015, 2016a, b). If these

aspects of female quality reflect abilities to breed, such

as the physical ability to build larger nests or to rear more

offspring (e.g., Álvarez and Barba 2008; Moreno 2012;

Lambrechts et al. 2016b), we expected to find positive

associations between different aspects of breeding suc-

cess (number of hatchlings and fledglings, nestling body

mass) and the four proxies of female quality indicated

above. We thus expected to find higher breeding success

in females with larger nests, in females breeding earlier

in the season, in females with larger clutches and/or in

older, perhaps more experienced, females (cf. Lam-

brechts et al. 2016b). Our analyses of the associations

between nest size and different aspects of breeding

success therefore also took other aspects of female

quality potentially influencing breeding success into

account (first-egg date, clutch size, female age).

2. Because the physical condition of the breeders may be

better in environments that provide more prey, and

where clutches are larger (e.g., Blondel et al.

2001, 1999; Lambrechts et al. 2004; Blondel et al.

2006), we also expected higher breeding success in

habitat dominated by broadleaved deciduous oak

(Quercus pubescens) providing more prey to rear the

nestlings than in habitat dominated by evergreen oak

(Quercus ilex) providing fewer prey for the rearing of

nestlings (cf. Tremblay et al. 2003; Lambrechts et al.

2004; Blondel et al. 2006; Charmantier et al. 2016).

Oak habitat type was therefore also added in the

analyses of the associations between nest size and

breeding success.

3. Finally, if colder or wetter environments influence

parental abilities (cf. Deeming et al. 2012; Lambrechts

et al. 2016a) and reduce breeding performance, we

would also expect to find associations between aspects

of breeding success and the average weather param-

eters (ambient temperature, rainfall) expressed during

the stage of nestling growth. The weather expressed

during the nestling stage was therefore also taken into

account.

Methods

Nests were monitored in 11 study plots within 10-km flight

distance from the village of Muro, Corsica, as described in

Lambrechts et al. (2004, 2015, 2016a). In each plot, only

one oak species was dominant, either Quercus humilis (five

plots) or Quercus ilex (six plots). Nests were built in wood-

concrete Schwegler B1 boxes (Schorndorf, Germany) or

concrete boxes all with approximately the same nest-

chamber size.

From the end of March to the end of June, boxes were

usually visited once a week to check the progress of each

breeding attempt reflected in the progress of nest building,

the first-egg laying dates (in Julian days), the number of

eggs, the number of hatchlings, the number of full-grown

nestlings, and the number of fledglings (e.g., Blondel et al.

2001, 2006; Lambrechts et al. 2004; Charmantier et al.

2016). We also measured the vertical distance between the

bottom floor of the box and the top of the external nest wall

under the entrance hole following measure a presented in

Hansell (2000) or measure B presented in Álvarez and

Barba (2008). This widely used measure was termed ‘‘nest

height’’ (Álvarez and Barba 2008; Lambrechts et al.

2012, 2014, 2015), ‘‘nest depth’’ (Hansell 2000) or ‘‘nest

thickness’’ (Hurtrez-Boussès et al. 1999) in other studies of

cavity nests. Nest volume was estimated as a proxy of nest

size by multiplying the height of the external nest wall with

the inner surface of the standardized box floor (ca.

113 cm2) (cf. Hurtrez-Boussès et al. 1999). The height or

the volume of the cavity nest has been used as a proxy of

nest size in studies that compared breeders that occupied

the same box type (e.g., Hurtrez-Boussès et al. 1999;

Lambrechts et al. 2012, 2014, 2015, 2016a, b). Individual

nests were measured (1) up to 1 week before the initiation

of egg laying, (2) during egg laying, and/or (3) after egg

laying before hatching (cf. Lambrechts et al. 2014, 2015).

Breeding success was not associated with the reproductive

stage during which the nest measures were taken (before

versus during versus after the period of egg laying) (all

p[ 0.44, Table 2). The protocols associated with the

timing of nest measurements therefore did not seem to

impact breeding success.

Because the nests were most often not visited every day

at the end of the incubation stage, the hatching date was

calculated based on the physical development of the nest-

lings within a few days after the onset of hatching (see also

Descamps et al. 2002). The nestlings usually reach the
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body size of the adults from 13 days post-hatching onwards

(Gibb 1950; Perrins 1979; Neub 1979). In all the study

years, the nestling body mass was measured mostly at

14–16 days post-hatching, rarely for younger (11–13 days

post-hatch) or older nestlings ([16 days post-hatch) (cf.

Lambrechts et al. 2004). Because on a given date, nestlings

from the same brood could differ in age, plumage devel-

opment was scored and used as a reliable estimate of

nestling age following Gibb (1950).

Females were in the vast majority of cases captured within

the nest chamber when the nestlings were at least 8 days old.

Occasionally, females were trapped with mist nets placed

next to the occupied nest box. All captured females were

ringed with rings provided by the Centre de Recherches sur la

Biologie des Populations d’Oiseaux, Paris. The age of the

female parent was determined either by using wing plumage

colors or, for previously ringed birds, from the monitoring

records (cf. Blondel et al. 2006; Lambrechts et al.

2004, 2012). Because of time or logistic constraints or dif-

ficulties to monitor nests, not all the factors considered in this

study were quantified for all the nests measured. For

instance, some nests were lost before the nestlings fledged

(Table 1) or some female parents could, for unknown rea-

sons, not be trapped during their first breeding attempts.

In some years, nests, eggs or nestlings were removed in

the framework of experimental studies. The breeding

attempts where nest contents were experimentally changed

were not considered in our analyses. In some study years

when Protocalliphora blowflies were investigated (cf.

Mennerat et al. 2008, 2009), a cotton bag was inserted

under nests 2–4 days before the expected hatching dates or

just after hatching. Because the cotton bags might have

changed the nest environment, nests that were inserted into

a cotton bag were excluded from the analyses.

Records of the daily minimum temperature (degrees

Celsius), the daily maximum temperature (degrees Celsius),

and the daily rainfall (millimeters) were provided by Météo

France for the meteorological station of Calvi in Corsica.

This weather station is situated at a maximum of 20 km from

each of the study plots, and therefore expected to provide

reasonably accurate information on the spatiotemporal vari-

ation in climatic factors expressed at a wider spatial scale

(see also Grosbois et al. 2006; own observations). We aver-

aged the daily minimum and maximum ambient temperature

to obtain a measure of the daily average ambient tempera-

ture. Subsequently, we calculated for each nest during the

2 weeks following the calculated hatching date the average

daily ambient temperature and the cumulative amount of

rainfall. This period covers the weather during nestling

growth. This implies that for nests with unhatched eggs these

weather factors could not be calculated.

We classified the nests into nests with at least one

fledging and nests with no fledglings. For the nests with no

fledglings, two types of breeding failure were defined fol-

lowing Lambrechts et al. (2016b): predated nests when eggs

or nestlings suddenly disappeared and/or when clear signs of

predation were noticed, and deserted nests when unhatched

clutches or dead broods were found (Tables 1, 2).

To investigate the factors that influenced our measures

of breeding success in nests from first clutches with at least

one fledgling, we applied the mixed procedure (type 3 tests

of fixed effects; SAS 9.4). We considered the number of

hatchlings, the number of fledglings or the average full-

grown nestling mass (13–16 days post-hatch) as the

Table 1 The number of first

breeding attempts and the

number of nest measures per

breeding season, also indicating

the percentage of predated

nests, the percentage of deserted

nests, the average (± SD)

cumulative amount of rain

during the 2 weeks following

the calculated hatching date,

and the average (± SD) of the

average daily ambient

temperature (T) during the

2 weeks following the

calculated hatching date

Year Nests Deserted (%) Predated (%) Nest measures Rain Ambient T

1998 6 33.3 0 7 3.8 ± 2.6 18.2 ± 1.1

1999 4 0 100 7 7.5 ± 2.3 18.7 ± 0.4

2000 28 14.4 7.1 35 8.8 ± 3.7 17.8 ± 1.1

2001 69 8.7 8.7 104 14.5 ± 6.1 15.9 ± 2.0

2002 56 19.6 10.7 60 22.8 ± 13.5 16.9 ± 1.1

2003 86 10.5 5.8 90 0.9 ± 0.5 18.8 ± 0.5

2004 106 5.7 1.9 123 30.6 ± 30.2 15.4 ± 1.1

2005 29 10.3 3.4 45 10.2 ± 7.3 17.9 ± 0.9

2006 32 25 3.1 38 3.9 ± 2.6 17.0 ± 1.2

2007 96 12.5 13.5 121 29.5 ± 12.9 17.1 ± 0.9

2008 17 29.4 35.2 71 35.1 ± 42.7 16.9 ± 1.0

2009 34 2.9 5.9 38 11.4 ± 24.8 17.7 ± 1.2

2010 94 8.5 13.8 112 26.8 ± 7.2 16.1 ± 0.4

2011 87 2.3 9.2 110 3.9 ± 6.8 16.7 ± 0.7

2012 93 17.2 6.4 93 62.2 ± 22.5 16.8 ± 0.2

2013 33 6.1 3.0 42 10.3 ± 8.3 17.5 ± 0.4

2014 75 9.3 6.7 144 10.4 ± 6.3 16.8 ± 0.8
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dependent variables, and the height of the external nest

wall (in centimeters), the oak habitat (deciduous versus

evergreen), the cumulative amount of rain during the

2 weeks following the hatching date, the average daily

ambient temperature during the 2 weeks following the

hatching date, the reproductive stage when the nest wall

was measured (before versus during versus after egg lay-

ing), the first-egg date (in Julian days), the size of the

incubated clutch and female age (yearling versus older) as

fixed effects. The box number (220 different box numbers),

the year of study (1998–2014, except 1999), the study site

(11 plots) and the ring number (488 different females) were

considered as random factors. These statistical approaches

were also used in other studies of nest size (e.g., Lam-

brechts et al. 2016a, b).

Results

We took 1240 nest measures from 945 different first

breeding attempts monitored between 1998 and 2014

(Table 1). In this sample, heights of the external nest walls

varied between 2 and 12 cm, thus the nest volumes were

between ca. 225 and 1350 cm3 when the height of the

external nest wall was multiplied by the bottom surface of

the internal nest chamber.

The deserted nest, the predated nests, and the nests with

at least one fledgling had nearly the same nest size as

reflected in the average vertical height of the external nest

wall (deserted 6.3 ± 1.9 cm, range 2–12, n = 91 versus

predated 6.4 ± 1.8 cm, 2.5–12, n = 113 versus at least one

fledgling 6.4 ± 0.7 cm, 2–12, n = 847).

Nest size, as reflected in the height of the external nest

wall, was positively associated with the number of fledg-

lings (p = 0.036; Table 2). However, the size of the nest

was not related to the number of hatchlings or the average

body mass of the nestlings in a brood (p[ 20).

As expected, other biotic or abiotic factors were also

associated with aspects of breeding success. For

instance, females with larger clutches had more hatch-

lings (p\ 0.0001) or more fledglings (p\ 0.0001) after

controlling for nest size or environmental factors. In

addition, nestlings were heavier in breeding attempts

with smaller clutches or in breeding attempts that

Table 2 The mixed procedure

(type 3 tests of fixed effects)

using the number of hatchlings,

the number of fledglings or the

average full-grown nestling

mass (13–16-days post-hatch) as

dependent variables, and the

height of the external nest wall

(in cm), the oak habitat

(Quercus humilis versus

Quercus ilex), the cumulative

amount of rain during the

nestling stage (in mm), the

average daily ambient

temperature during the nestling

stage (in �C), the reproductive

stage when the thickness of the

nest was measured (before

versus during versus after egg

laying), the date of the first laid

egg (First-egg date; Julian

days), the size of the incubated

clutch and the female age

(yearling versus older) as fixed

effects

Number of hatchlings Number of fledglings Nestling body mass

Height of the external nest wall F = 1.41

df = 1, 99

P = 0.238

F = 4.52

df = 1, 99

P = 0.036

F = 0.01

df = 1, 94

P = 0.908

Oak habitat F = 0.24

df = 1, 99

P = 0.626

F = 2.77

df = 1, 99

P = 0.099

F = 4.96

df = 1, 94

P = 0.028

Rain F = 0.71

df = 1, 99

P = 0.40

F = 0.40

df = 1, 99

P = 0.53

F = 3.43

df = 1, 94

P = 0.067

Ambient T F = 0.01

df = 1, 99

P = 0.944

F = 0.39

df = 1, 99

P = 0.536

F = 2.06

df = 1, 94

P = 0.155

Stage F = 0.00

df = 2, 99

P = 0.996

F = 0.32

df = 2, 99

P = 0.729

F = 0.74

df = 2, 94

P = 0.481

First-egg date F = 0.00

df = 1, 99

P = 0.96

F = 3.55

df = 1, 99

P = 0.062

F = 46.85

df = 1, 94

P\ 0.0001

Clutch size F = 1478.6

df = 1, 99

P\ 0.0001

F = 409.6

df = 1, 99

P\ 0.0001

F = 20.48

df = 1, 94

P\ 0.0001

Female age F = 5.83

df = 1, 99

P = 0.018

F = 6.70

df = 1, 99

P = 0.011

F = 0.00

df = 1, 94

P = 0.969

Box number (220 different boxes), the year of study (1998–2014, except 1999), the study site (11 plots) and

the ring number (488 different identified females) were considered random factors (see ‘‘Methods’’ for

details). This analysis excluded data from deserted or predated nests
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occurred earlier in the season (both p\ 0.0001). Older

females had more hatchlings (p = 0.018) and more

fledglings (p = 0.011) than yearling females. Nestlings

were heavier in deciduous oak patches than in evergreen

ones (p = 0.02; Table 2).

Discussion

In our analyses that controlled for nest predation or nest

desertion, we found that the breeding success as reflected in

brood size or nestling body mass was more closely asso-

ciated with female characteristics (nest size, clutch size,

first-egg date or female age) and to some extent with

environmental factors (oak habitat type, but not weather

during the nestling stage). We are not aware of any other

long-term field study of the size of cavity nests in relation

to breeding success that simultaneously took all these

biotic and abiotic factors into account. Sample sizes were

also substantially larger than those used in previous studies

of cavity nests.

The females with the larger nests had more fledglings

after controlling for other aspects of female quality influ-

encing breeding success. In addition, the older, and thus

more experienced, females or those with larger clutches

had more fledglings. All this suggests that one or more

unidentified aspect(s) of female quality, such as aspects of

female health (e.g. Tomás et al. 2006; Doutrelant et al.

2012), might have been responsible for these associations.

In the other published Blue Tit studies, the heavier or

larger nests did not have a higher breeding success than the

lighter or smaller nests (Tomás et al. 2006, 2013; Lam-

brechts et al. 2012). For instance, the experimental change

of nest size and nest components (aromatic plants) in

Spanish Blue Tits did not significantly impact laying date,

clutch size, hatching date, hatching success and brood size

on day 6 post-hatching or did not have detectable influ-

ences on breeding success (Tomás et al. 2013). In Blue

Tits from mainland southern France, the size of the nest

was not related to the number of hatchlings, the number of

fledglings, hatching success, fledging success or nestling

mass, after controlling for factors frequently investigated in

box studies and known to influence breeding performance

(Lambrechts et al. 2012, 2016b). All this suggests that the

associations between the size of the nest and breeding

success differ across geographic regions, perhaps because

the costs that are associated with reproduction or the local

environmental conditions that influence breeding perfor-

mance are population specific. Perhaps the nest compo-

nents, rather than total nest size per se, influence aspects of

breeding performance, as reported in previous correlative

studies (e.g., Alabrudzińska et al. 2003; Álvarez et al.

2013; Deeming and Pike 2015; Glądalski et al. 2016). For

instance, the amount of cup lining incorporated into nests

is bound to influence the microclimate experienced by

nestlings far more than moss in the bottom of the nest

boxes because it is what the nestlings sit on and are in

direct contact with. In addition, the links between female-

built nest size and breeding success might be mediated by

the behaviors of the non-building male parents. For

example, one study has shown that when the Blue Tit nests

were experimentally enlarged or reduced, male risk-taking

behaviors were significantly lower at those nests reduced in

size (Tomás et al. 2013). This could mean that a male’s

behavior may well mediate the link between the female’s

nest building behavior and the pair’s level of reproductive

success.

Future studies could focus on individual characteris-

tics of the nest builders that were ignored in this

empirical study. For instance, studies in other study

areas explored effects of blood parasite infestation levels

(e.g., Tomás et al. 2006), plumage parasite loads (e.g.,

Mainwaring et al. 2008), plumage colors (cf. Doutrelant

et al. 2008), immune system responses (cf. Doutrelant

et al. 2012) or blood-related metabolic measures (e.g.,

Moreno et al. 2008). Such studies could explore whether

aspects of the female phenotype might be the common

cause for positive associations between different aspects

of breeding performance, including nest-building efforts

and brood size. These studies could also be combined

with experiments that alter nest size (e.g., Tomás et al.

2006) or change the cost of nest building, e.g., when

females have to build a new or a larger nest (e.g.,

Doutrelant et al. 2008; Moreno et al. 2010; Lambrechts

et al. 2016b). In addition, future studies could also fur-

ther quantify or experimentally manipulate the micro-

climate or composition of the nest (e.g., Deeming et al.

2012; Mainwaring et al. 2012; Lambrechts et al. 2016a),

for instance to examine if nest characteristics other than

nest size might impact aspects of breeding success (e.g.,

Álvarez et al. 2013; Deeming and Pike 2015; Glądalski

et al. 2016). These studies could also be combined with

measurements of nest parasite loads given that Proto-

calliphora spp. are determinants of breeding success in

our study system (e.g. Hurtrez-Boussès et al. 1999;

Mennerat et al. 2008, 2009).
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