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Abstract Nestboxes are widely provided as nesting sites for hole-nesting birds, yet the relative contribution
of nestbox characteristics and habitat quality in determining the occupancy rates and breeding success of birds
remains unclear. We provided nestboxes in deciduous woodlands in England and examined if those nestboxes
were erected in random orientations and whether the orientation of nestboxes and habitat quality, in the form
of tree density, influenced their occupation by, and breeding success of, Blue Tits (Cyanistes caeruleus), Great
Tits (Parus major) and Pied Flycatchers (Ficedula hypoleuca). We found that first, the nestboxes were erected
non-randomly orientated towards the north and east, and away from the south and west. Second, the occupation
rates of none of the species was related to nestbox orientation or tree density. Third, the breeding success of
neither Blue Tits nor Great Tits varied with tree density but did vary with nestbox orientation. Blue Tit hatching
success and fledging success was higher in nestboxes facing south than in other directions whilst in Great Tits,
clutch sizes, hatching success and fledging success was higher in nestboxes facing south than nestboxes facing
other directions. Our results suggest that nestbox characteristics, such as orientation, have more influence on
the reproductive success of passerines than habitat quality. This further suggests that conservationists should
orientate nestboxes southwards in order to maximise their benefit to birds in temperate climates during the
breeding season.
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Osszefoglalas Az odiiban fészkeld madarak kéltési lehetdségeinek tamogatasara széles korben hasznalnak mes-
terségesen kihelyezett koltéladakat. A koltoladak tulajdonsagainak és az éléhely mindségénck az elfoglalas gya-
korisagara és a madarak koltési sikerére gyakorolt hatasa azonban tovabbi kérdések megvalaszolasat igényli.
Ezért kolt6ladakat helyeztiink ki Anglia tobb lombhullaté erdejébe és megvizsgaltuk, hogy a kéltéladak vajon ve-
letlenszer(i iranyokban lettek-e kihelyezve, valamint tajolasuknak és az él6hely mindségének, a kornyezo fak sii-
riiségében mérve, volt-e hatasa azok elfoglalasanak aranyara és a kék cinege (Cyanistes caeruleus), a széncine-
ge (Parus major), illetve a kormos légykapo (Ficedula hypoleuca) koltési sikereire. Eredményeink azt mutatjak,
hogy a kolt6ladak nem véletlenszertien, hanem tébbnyire északi és keleti tajolassal lettek kihelyezve, ugyanakkor
az elfoglalés aranya egyik fajnal sem mutatott 6sszefiiggést a tajolassal és a fak stiriiségével. A koltési sikert nem
befolyasolta a kdrnyezé fak stirtisége, sem a kék cinegénél, sem pedig a széncinegénél, viszont a koltéladak tajo-
lasa igen. Mig a kék cinegék kikelési és kirepiilési sikere a délre néz6 koltdladakban magasabb volt mas tajolast
koltéladakhoz képest, addig a széncinegéknél ezeken feliil még a fészekalj mérete is nagyobb volt a déli tajolasu
koltoladakban. Eredményeink alapjan elmondhatd, hogy a koltdladak tajolasanak nagyobb hatasa van a madarak
koltési sikerére, mint az ¢l6hely mindségének. Ez azt is alatamasztja, hogy a természetvédelmi tevékenységek so-
ran a koltoladakat déli iranyba érdemes kihelyezni, hogy a mérsékeltovi madarak szamara minél tobb elony szar-
mazzon ebbdl a koltési idoszakban.

Kulcsszavak: erdei madarak, éléhelymindség, kék cinege, kormos 1égykapo, koltési siker, koltoladak, széncine-
ge, tajolas



108 ORNIS HUNGARICA 2021. 29(2)

! Washington Drive, Warton, Carnforth, LA5S 9RA, UK

2 Field Research Station at Fort Missoula, Division of Biological Sciences, University of Montana, Missoula,
MT, USA

* corresponding author, e-mail: mark.mainwaring@mso.umt.edu

Introduction

Nestboxes are widely provided for hole-nesting birds to support their nesting opportunities in
temperate woodlands (Lambrechts ef al. 2010, Culina et al. 2021). The frequent occupation
of nestboxes by passerine birds such as Blue Tits (Cyanistes caeruleus), Great Tits (Parus
major), Collared Flycatchers (Ficedula albicollis) and Pied Flycatchers (Ficedula hypoleuca)
in Europe and species such as Black-capped Chickadees (Poecile atricapillus) and Tree
Swallows (Tachycineta bicolor) in North America has resulted in them becoming some of
the most popular model species in ecological and evolutionary research (Lambrechts et al.
2010, Culina et al. 2021). The provision of nestboxes also helps to provide nesting sites for
species of conservation concern. Pied Flycatcher populations have declined (Hewson et al.
2007), at least partly, because of climate change induced lethal competition with sedentary
Great Tits (Samplonius & Both 2019) and nestboxes help to provide nest sites for the
Flycatchers (Goodenough et al. 2009).

Nestboxes are not uniformly effective in providing nest sites for birds, though, because
occupancy rates vary with respect to their shape (Bellrose et al. 1964), age (Mazgajski
2007), colour (Browne 2006), exposure (Charter et al. 2010), the size of the entrance holes
(Le Roux et al. 2016, Stanback et al. 2019) and their orientation. In the temperate zone
of the northern hemisphere, birds are expected to preferentially occupy nestboxes facing
southwards towards the sun in order to increase nest temperatures (Goodenough et al. 2008a,
2008b, Butler et al. 2009, Lambrechts et al. 2020). Illustratively, Tree Swallows in North
America occupied warmer nestboxes orientated south and east during the cooler first half of
the breeding season yet showed no preference for nestboxes in relation to their orientation
in the warmer second half of the breeding season when nest temperatures were unrelated
to nestbox orientation (Ardia et al. 2006). This agrees with studies showing that passerine
birds in temperate woodlands in the northern hemisphere preferentially select nestboxes
facing south (Lumsden 1986, Sacilotto & Anderson 2005). However, other studies show that
passerine birds preferentially occupy nestboxes facing east (Ardia et al. 2006) and the north-
west (Navara & Anderson 2011), whilst others show that nestboxes are randomly occupied
with respect to orientation (Lumsden 1986, Mennill & Ratcliffe 2004, Goodenough et al.
2008a, 2008b). This suggests that further studies are required to understand how nestbox
orientation influences their occupation rates.

Birds may also differentially occupy nestboxes with respect to their surrounding habitat.
For example, European Roller’s (Coracias garrulus) preferentially occupied nestboxes
located in olive groves, irrigated crops and holm oaks, whilst actively avoiding nestboxes
located in cereals (Avilés et al. 2000). Meanwhile, House Wrens (Troglodytes aedon)
preferentially occupied nestboxes located in areas with sparser woodland understories
and were more likely to fledge offspring from nestboxes in sparsely foliated areas (Finch



K. B. Briggs & M. C. Mainwaring 109

1989), whilst Bearded Reedlings (Panurus biarmicus) preferentially occupied nestboxes
located in reed beds over water than over dry land (Wilson 2015). Birds are therefore
able to differentiate between nestboxes in relation to the habitat in which they are located
(Bloom & Hawks 1983, Belles-Isles & Picman 1986, Finch 1989, Rohrbaugh & Yahner
1997, Monti et al. 2019, Mueller et al. 2019, but see Le Roux et al. 2016). Miller (2010)
provided nestboxes for passerine birds in temperate woodlands and suggested that the very
low occupancy rates of those nestboxes indicated that habitat structure played a greater
role in determining passerine bird populations than the availability of nestboxes. This
suggests that habitat quality may well influence nestbox occupancy rates, although our
understanding of the relative contributions of nestbox characteristics and habitat quality in
determining the occupancy rates of nestboxes and the breeding success of the occupants
remains incomplete.

We used data from a long-running nestbox scheme (Smith ez al. 2011, Briggs & Deeming
2016, 2021, Briggs & Mainwaring 2017, 2019) to examine whether nestboxes were
provided randomly with respect to their orientation, whether breeding Blue Tits, Great Tits
and Pied Flycatchers occupied nestboxes based on their orientation and/or the density of
trees surrounding nestboxes and whether the breeding success of Blue Tits and Great Tits
varied in relation to nestbox orientation and tree density. We predict that (1) nestboxes will
be placed randomly with respect to their orientation. Meanwhile, given that south-facing
nestboxes receive more sunlight than nestboxes facing in other directions (Goodenough
et al. 2008b, Butler et al. 2009, Lambrechts et al. 2020), we predict that (2) nestboxes
facing south will be preferentially occupied because of the thermal benefits they receive
from being exposed to solar radiation. We also predict that (3) birds breeding in nestboxes
facing southwards will have higher levels of breeding success than conspecifics in nestboxes
facing in other directions because of their high exposure to direct sunlight.

Methods

Study sites and their characteristics

We studied breeding populations of Blue Tits, Great Tits and Pied Flycatchers occupying
nestboxes in seven largely deciduous woodlands, two of which contained small areas
of coniferous trees. The woodlands were in Lancashire, north-west England (for more
information see Briggs & Mainwaring 2017, 2019, Briggs & Deeming 2016, 2021). The
woodlands in the Forest of Bowland Area of Outstanding National Beauty (54°05°N, 02°
36°W; altitude 100-250 metres above sea level) on calcium poor gritstone rock types
had many oak (Quercus spp.) and birch (Betula spp.) trees and had an understorey of
wavy hairgrass (Deschampsia flexuosa), which was classified as “W10’ (Quercus robur -
Pteridium aquilinum - Rubus fruticosus woodland) in the National Vegetation Classification
(Rodwell 1991).

Atotal of 187 identical wooden nestboxes with small circular entrance holes were provided
for small passerine birds throughout the woodlands by one person (KBB) in 1977, many
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years prior to the initiation of this present study. Each year, all the nestboxes were checked
for their suitability as breeding sites for passerine birds and were repaired or replaced if
they were damaged, so as to ensure that all the nestboxes were available for birds in each
breeding season. The orientation of all the nestbox holes was then quantified in April 2021
using a ‘Silva Explorer III compass’ and in each instance, a bearing of the degrees from due
north was recorded.

We quantified the number of trees and shrubs, identified to species, surrounding all the
187 nestboxes in order to give an indication of the number of caterpillars that are likely
to have been available for parent birds to feed to their offspring (Wilkin e al. 2009). In
September 2019, one observer (KBB) quantified the number of trees, shrubs and bushes
within a 25-meter radius of all of the nestboxes and identified them to a total of 26 different
species including English oak (Quercus robur), ash, sycamore (Acer pseudoplatanus), Scots
pine (Pinus sylvestris) and birch trees and hazel (Corylus avellana), hawthorn (Crataegus
monogyna), bird cherry (Prunus padus), and plum (Prunus domestica) bushes as outlined in
the guide provided by Mitchell (1974).

Quantifying reproductive parameters

Small passerine birds were provided with wooden nestboxes of identical dimensions (see
Briggs & Mainwaring 2017) throughout the study woodlands by one observer (KBB) in
order to minimise variation in nestbox design between breeding pairs (Lambrechts et al.
2010, Moller et al. 2014, Mainwaring et al. 2015). All nestboxes were checked at roughly
weekly intervals from late March onwards, to establish the beginning of nest building
behaviours. After nests were found, regular checks established the date on which the first
eggs were laid and if multiple eggs were present in nests, we therefore back-calculated egg
laying dates assuming that one egg was laid per day as is usual in the three study species
(Lundberg & Alatalo 1992, Cramp & Perrins 1993).

Further visits established the onset of incubation and close to the date on which eggs were
due to hatch, clutch sizes were determined as the number of eggs within nests at that time.
The nests were then routinely checked every few days in order to quantify hatching success,
which was defined as the number of eggs that hatched. Then, when the eldest offspring
within broods were 14 days old, all nestlings were weighed to the nearest 0.1 grams to
quantify their mass at pre-fledging (Mainwaring & Hartley 2016). The nests were then left
alone in order to prevent the premature fledging of nestlings but were again checked when
the eldest nestling/s within broods would have been about 20 days old. It was at this point
that we checked for dead nestlings inside the nestboxes, which therefore allowed us to
quantify the fledging success of breeding pairs.

Statistical analyses

The data were analysed in the SPSS version 25 (SPSS, Chicago, IL, USA) statistical
package. The distribution of the orientation of nestboxes was examined using a one-
sample Chi-square test to examine if their orientation differed from a random distribution.
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Specifically, the proportion of nestboxes orientated towards the north (31545 degrees), east
(45-135 degrees), south (135-225 degrees) or west (225-315 degrees) was tested against an
expected proportion of 0.25 for each direction.

The occupation rates of nestboxes by Blue Tits, Great Tits, Pied Flycatchers and all bird
species were examined using general linear models. The ‘all bird” species data refers to the
occupation of nestboxes by all bird species because in addition to Blue Tits, Great Tits and
Pied Flycatchers, we also found very small numbers of Common Redstarts (Phoenicurus
phoenicurus), Eurasian Nuthatches (Sitta europaea), Marsh Tits (Poecile palustris) and
Coal Tits (Periparus ater) breeding inside the nestboxes. The assumptions of normality
were examined using Kolmogorov-Smirnov one sample tests before separate general linear
models for Blue Tits, Great Tits, Pied Flycatchers and all bird species examined the role of
nestbox orientation and tree density in determining occupation rates. In each of the models,
the dependent variable was occupancy rate (0—6 years occupied), and the explanatory
variables were ‘orientation’ (north, east, south or west: factor), ‘tree density’ (number of
trees: covariate) and their two-way interaction term. The fixed terms, as well as their two-
way interaction term, were initially included in the ‘full’ initial models, before they were
sequentially ‘removed’ in a stepwise manner. For each of the terms, their significance was
assessed by their Type I sum of squares and their values were only reported when they were
the final terms in the models (Crawley 1993). Terms were dropped from models when their
P values were non-significant, meaning that the final minimal models contained only those
fixed terms whose P values were significant, or instead were included in a significant two-
way interaction term.

Linear mixed models with a Gaussian error structure were used to analyse the breeding
success data because the inclusion of random effects allowed us to consider spatially
autocorrelated data and so here, ‘clutch identity’ was included as a random effect in all
models. The reproductive success of the Blue Tits and Great Tits in relation to the orientation
of nestboxes and tree densities were examined as follows, whilst we had no data on Pied
Flycatchers and so they were not included in these analyses. The dependent variables were
first egg date, clutch size, hatching success, nestling masses at pre-fledging and fledging
success and the explanatory variables were ‘orientation’ (north, east, south or west: factor),
‘tree density’ (number of trees: covariate) and their interaction term, whilst ‘clutch identity’
was fitted as a random term in all models. The full models were simplified as outlined above.
Throughout the manuscript, means are presented + 1 standard error and a critical P value of
0.05 is applied throughout.

Results

A one-sample Chi-square test showed that nestboxes were non-randomly orientated towards
the north and east and away from the south and west and so were not randomly distributed
with respect to their orientation (y> = 9.624, P = 0.005) (Figure 1). The occupation rates of
nestboxes by Blue Tits, Great Tits, Pied Flycatchers and all bird species was not generally
related to the orientation of nestboxes, the density of trees within a 25-meter radius
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Figure 1. The non-random orientation of nestboxes
1.dbra A kolt6ladak tajoldsdnak nem véletlenszerli megoszlasa

Table 1. Summary of general linear models examining variation in the occupancy rate of nestboxes
by Blue Tits, Great Tits, Pied Flycatchers and all bird species combined in relation to the
orientation of nestboxes and tree densities. The dependent variables were occupancy
rate (0-6 years occupied), and the explanatory variables were ‘orientation’ (north, east,
south or west: factor), ‘tree density’ (number of trees: covariate) and their interaction
term. Note that significant terms are highlighted in bold

1. tdbldzat Az éltaldnos linedris modellek eredményeinek &sszefoglaldsa, amelyekkel a kolt6ladak el-
foglalasi aranyanak véltozatossagat (fliggé valtozo, 0-6 éven keresztiil hasznalt) és azok té-
jolasat (észak, kelet, dél, nyugat — féhatas), valamint a kornyezé fak slrliségének (a fak sza-
ma - kovarians) és a két magyarazo valtozo kolcsénhatasanak osszefliggéseit vizsgaltuk kék
cinegék, széncinegék, kormos légykapdk és az Gsszes vizsgalt faj esetében. A statisztikailag
szignifikdns eredményeket félkdvér betdtipussal emeltiik ki

Species Fixed effects d.f. F-value P value
Blue Tit Orientation 4,186 1.156 0.332
Tree density 1,186 2310 0.130
Orientation X tree density 4,186 0.113 0.978
Great Tit Orientation 4,186 0.720 0.579
Tree density 1,186 1.665 0.200
Orientation X tree density 4,186 0.269 0.897
Pied Flycatcher Orientation 4,186 0.786 0.535
Tree density 1,186 0.002 0.963
Orientation X tree density 4,186 1.449 0.220
All bird species Orientation 4,186 1.176 0.323
Tree density 1,186 4.055 0.046
Orientation X tree density 4,186 0.469 0.759
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Figure 2. The occupation rates of nestboxes in relation to their orientation. Note that Blue Tits are
shown by blue bars, Great Tits by red bars, Pied Flycatchers by green bars and all bird
species by yellow bars

2.dbra A koltéladak elfoglaldsanak ardnya a tajolasuk szerinti csoportositasban. Kékkel a kék cine-
gék, pirossal a széncinegék, zélddel a kormos légykapok és sargaval az 6sszes madarfaj ada-
tai lathatoak

of nestboxes or their interaction terms (7able I, Figure 2), although there was a weakly
significant trend for the occupation rates of all bird species to be positively correlated with
tree density (P = 0.046) (Table 1).

In terms of the breeding success of Blue Tits, there was no variation in first egg dates or
clutch sizes in relation to the orientation of nestboxes or tree density (Table 2, Figures 3a,
3b). Meanwhile, hatching success was higher in nestboxes facing south than in all other
directions (P = 0.014) (Table 2, Figure 3c), but it did not vary in relation to tree density
(Table 2). The mass of fledglings at pre-fledging did not vary with the orientation of
nestboxes or with tree density (Table 2, Figure 3d). Finally, fledging success never varied in
relation to tree density (7able 2) but did in relation to orientation (P = 0.007) (Table 2, Figure
3e), being lowest in nestboxes facing north and west and higher for nestboxes facing east
and higher still for nestboxes facing south.

In terms of the breeding success of Great Tits, there was no variation in first egg dates in
relation to the orientation of nestboxes or with tree density (Table 2, Figures 3a). Meanwhile,
clutch sizes never varied in relation to the density of trees (Table 2) but did vary in relation
to orientation (P = 0.041) (Table 2, Figure 3b), being higher in nestboxes facing south than
in nestboxes facing other directions. Similarly, hatching success was higher in nestboxes
facing south than in nestboxes facing all other directions (P = 0.017) (Table 2 Figure 3¢c), but
did not vary with tree density (7able 2). There was no variation in the mass of fledglings at
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Table 2. Summary of linear mixed models examining variation in the reproductive success of
Blue Tits and Great Tits in relation to the orientation of nestboxes and tree densities. The
dependent variables were ‘first egg date) ‘clutch size, ‘hatching success, ‘nestling masses
at pre-fledging’ and ‘fledging success’ and the explanatory variables were ‘orientation’
(north, east, south or west: factor), ‘tree density’ (number of trees: covariate) and their
interaction term, whilst ‘clutch identity’ was fitted as a random term. Note that significant
terms are highlighted in bold

2.tdbldzat A linearis kevert modellek eredményeink 6sszefoglalasa, amelyekkel a kék cinege és a szén-
cinege koltési sikereinek és a kolt6ladak tajolasanak (észak, kelet, dél, nyugat — féhatas), va-
lamint a kornyezd fak slrlségének (a fak szama — kovarians) és a két magyarazé valtozé
kolcsonhatasanak osszefliggéseit vizsgaltuk. Fliggé valtozdként az elsé tojas lerakasanak
datuma, a fészekalj mérete, a kikelési siker, a kirepulés elétti fiokak tomege, valamint a kire-
pulési siker szerepelt, mig a fészekaljak azonositdit véletlen tényezéként tartalmaztdk a mo-
dellek. A statisztikailag szignifikans eredményeket félkdvér betlitipussal emeltiik ki

Species | Breeding parameter Fixed effects d.f. F-value P value
BlueTit | First egg date Orientation 3,40 0.522 0.670
Tree density 1,40 0.529 0.471

Orientation X tree density 3,40 0.456 0.715

Clutch size Orientation 3,40 0.164 0.920
Tree density 1,40 0.442 0.510

Orientation X tree density 3,40 0.481 0.697

Hatching success Orientation 3,40 5.662 0.014
Tree density 1,40 0.654 0.423

Orientation X tree density 3,40 0.350 0.789

Nestling mass Orientation 3,40 0413 0.302
Tree density 1,40 0.551 0.477

Orientation X tree density 3,40 0.469 0.644

Fledging success | Orientation 3,40 8.010 0.007
Tree density 1,40 0.037 0.849
Orientation X tree density 3,40 1.351 0.271

GreatTit |First egg date Orientation 3,47 2.935 0.094
Tree density 1,47 1.835 0.173

Orientation X tree density 3,47 1.582 0.180

Clutch size Orientation 3,47 4.189 0.041
Tree density 1,47 0.274 0.694

Orientation X tree density 3,47 0.124 0.838

Hatching success | Orientation 3,47 6.183 0.017
Tree density 1,47 0.821 0.573

Orientation X tree density 3,47 1.744 0.152

Nestling mass Orientation 3,47 0.022 0914
Tree density 1,47 0.028 0.926

Orientation X tree density 3,47 0.173 0.727

Fledging success | Orientation 3,47 7.835 0.012
Tree density 1,47 1.647 0.315

Orientation X tree density 3,47 1.274 0.239
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Figure 3. The reproductive success of Blue Tits and Great Tits, in terms of their (a) first egg date, (b)

3.dbra

clutch size, (c) hatching success, (d) nestling masses at pre-fledging and (e) fledging success
in relation to the orientation of nestboxes. Note that Blue Tits are shown by blue bars and
Great Tits are shown by red bars

A kék cinegék (kék) és a széncinegék (piros) koltési sikereinek alakuldsa a kolt6ladak tajola-
sa szerinti csoportositasban: (a) az elsé tojas lerakasanak datuma, (b) fészekalj-méret, (c) ki-
kelési siker, (d) a kireplilés el6tti fiokdk tdmege, valamint (e) a kirepdilési siker
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pre-fledging in relation to orientation or tree density (7able 2, Figure 3d). Finally, fledging
success never varied in relation to tree density (7able 2) but did vary in relation to orientation
(P =0.012) (Table 2, Figure 3e), being lowest in nestboxes facing north and getting ever
higher in nestboxes facing east, south and west.

Discussion

The main findings of this study were that nestboxes were non-randomly positioned on trees
in relation to their orientation, being orientated towards the north and east and away from
the south and west. Meanwhile, although the occupation rates of nestboxes by all three study
species was unrelated to the orientation of nestboxes or tree density, Blue Tit and Great Tit
breeding success was affected by the orientation of nestboxes, but not to tree density. Blue Tit
hatching success and fledging success was higher in nestboxes facing south than in nestboxes
facing any other directions. However, Great Tit clutch sizes and hatching success were higher
in nestboxes facing south than in nestboxes facing other directions, whilst fledging success was
higher in nestboxes facing west and south than in nestboxes facing east and north. Our results
suggest that the orientation of nestboxes have more influence on the reproductive success of
passerine birds than tree density. They further suggest that nestboxes in the temperate zone of
the northern hemisphere should be preferentially orientated southwards.

The orientation of nestboxes never influenced their occupation rates by Blue Tits, Great
Tits or Pied Flycatchers, but did affect the reproductive success of Blue Tits and Great Tits.
Fledging success in both species was highest in nestboxes facing southwards, presumably
because they received more sun than nestboxes facing in other directions, which thus
maximised internal nest temperatures (Lumsden 1986, Sacilotto & Anderson 2005, Ardia
et al. 2006, Goodenough et al. 2008a, 2008b, Butler et al. 2009, Mainwaring & Hartley
2012, Lambrechts et al. 2020). Birds inhabiting temperate environments in the northern
hemisphere experience ambient temperatures below the threshold at which embryos develop
optimally (Salaberria et al. 2014), and so they are likely to prefer nestboxes orientated
towards the sun to reduce the energy required to keep the embryos warm (Goodenough
et al. 2008b, Butler et al. 2009). Whilst birds breeding in nestboxes that faced south had
the highest levels of breeding success, the majority of nestboxes were positioned on trees
so that they faced north or east. This suggests that those nestboxes facing north may have
been acting as an ecological trap because whilst the passerine birds readily occupied them,
they ultimately suffered reduced levels of reproductive success by occupying them, when
compared to conspecifics occupying nestboxes facing southwards (O’Connor 1984).

The density of trees surrounding nestboxes had no effect on the occupation rates of
nestboxes or on the reproductive success of Blue Tits and Great Tits. This is perhaps
surprising because previous studies show that the habitat surrounding nestboxes influences
their occupation rates (Bloom & Hawks 1983, Belles-Isles & Picman 1986, Finch 1989,
Rohrbaugh & Yahner 1997, Avilés et al. 2000, Wilson 2015, Mueller et al. 2019, but see Le
Roux et al. 2016) and the reproductive success of the occupants (Finch 1989, Goodenough
et al. 2008a). It is unclear why tree density never influenced occupancy rates or breeding
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success, but it may be that caterpillar abundance was unrelated to tree density. Alternatively,
territories with fewer trees are likely to have more open canopies than territories with
more trees, meaning that they may well have received a higher amount of solar radiation
(Wachob 1996). The temperature inside nestboxes is positively correlated with ambient
temperatures (Lambrechts et al. 2020) and so birds occupying nestboxes with fewer trees
may therefore have benefitted from having relatively warm nest microclimates. Determining
the mechanisms underlying this pattern deserves further research attention.

We have shown that hole-nesting passerine birds occupying nestboxes facing south had
higher levels of breeding success than conspecifics occupying nestboxes facing in other
directions. This is likely to be a result of those nestboxes facing south receiving a greater
amount of solar radiation than nestboxes facing other directions, which thus increased the
temperatures inside nestboxes and enabled birds to save energy keeping offspring warm. Our
findings suggest that ornithologists should provide nestboxes that face south in temperate
woodlands in the northern hemisphere. Further research is needed to examine the patterns
described here. First, studies show that nestboxes provide less insulation that natural cavities
(Maziarz et al. 2017) and so it would be interesting to examine if these patterns occur in
species breeding in natural cavities (Lundberg & Alatalo 1992). Second, the patterns we have
reported here are observational and thus may have been confounded by alternative factors.
It would be useful to experimentally disassociate the relationship between the occupation of
nestboxes and the density of trees by cutting trees to examine the influence of tree density on
nestbox occupation rates. Third, south facing nestboxes provide thermal benefits for birds and
research that quantifies how nest microclimates are influenced by the orientation of nestboxes
in a changing climate may help ornithologists provide nesting sites for birds in the future.
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