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Abstract Shortage of breeding sites is an important limiting factor of bird populations. Artifi-
cial breeding platforms, nest-boxes or man-made twig nests often present solutions with remarkable results, how-
ever long-term sustainability of these populations remains to be resolved. Furthermore, the question whether the 
inference of results of studies conducted on birds breeding in artificial breeding sites can be generalized to other 
populations, still remains open. Here we present the history, and the results of a 20 year old (1995-2015) nest-box 
programme initiated to increase potential breeding possibilities of Red-footed Falcons in an area, where nest-site 
shortage was a severe limiting factor. We show how various other species (Jackdaws, Kestrels and Long-eared 
Owls) have utilized these resources, and present descriptive statistics on their reproductive performance. Analysing 
the data of a total of 1432 breeding attempts, we show that Red-footed Falcons have similar clutch sizes, and nest-
ing success (i.e. ratio of nests with at least on fledgling), however fledging success (ratio of the number of eggs/
fledged nestlings) was different in artificial nest-boxes. When we excluded closed box types from artificial nests, 
this difference was not apparent. In case of Kestrels (n=1626 breeding attempts) clutch size was significantly higher 
in artificial nests, while we found no difference in fledging or nesting success. When only comparing open boxes to 
natural nests, the difference in clutch size was no longer significant. We also analysed the effect of nest box design 
on reproductive parameters of the two species using regression trees. Inter annual effects were the most important 
in shaping clutch size and fledging rate of both falcon species, however we also found nest-box design effects, but 
only in Red-footed Falcons. In years when mean clutch size was high, these birds had lower clutch size in an old-
er, darker nest-box type compared to an alternative design, and to open boxes. However, fledging rate in the same 
years was lower for both open boxes and older nest-boxes. We conclude that artificial colonies are an important and 
successful tool in Red-footed Falcon conservation, and that the breeding parameters measured in artificial colonies 
depend on nest-box design. We present correlative evidence that closed boxes have a significant positive species 
specific effect on reproduction, probably due to their protection against weather. We also show that birds may have 
a preference for a certain nest-box design, and that the breeding success in the less favoured box type may be sim-
ilar to that in open nests. We recommend that future studies incorporate nest-type and nest-box design effects in all 
comparisons made on reproductive performance in case of Red-footed Falcons and Kestrels. 
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Összefoglalás A fészkelőhelyek hiánya fontos limitáló tényezője lehet egyes madárfajok előfordulásának. Mes-
terséges fészkekkel, fészekodúkkal, költőládákkal vagy műfészkek kihelyezésével ezt a hiányt lehet pótolni, de az 
állományok hosszú távú fennmaradása az ilyen, ember által kialakított fészkelőhelyeken erősen beavatkozás-füg-
gő, önmagában tartósan nem biztosított. További probléma, hogy nem tisztázott, mennyire lehet az ilyen rendsze-
rekben végzett kutatások eredményeit általánosítani természetes fészkekben költő állományokra. Ebben a vizs-
gálatban bemutatjuk egy 20 éves (1995–2014) telepes költőláda program történetét és eredményeit, amit azzal a 
céllal kezdtünk el, hogy fészkelőhelyet teremtsünk a kék vércsék számára egy olyan területen, ahol a költőhelyek 
hiánya súlyos limitáló tényező volt. Bemutatjuk továbbá, hogy az általunk kihelyezett költőládákat hogyan hasz-
nosítják más, nem feltétlenül koloniális madárfajok (vörös vércse, csóka és erdei fülesbagoly), és leíró statiszti-
kákat közlünk a költési eredményeikről. 
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Introduction

Preserving, managing and exploring the 
grasslands of the Pannon Biogeographic re-
gion is one of the top priorities of Hungari
an nature conservation (Báldi et al. 2005). 
River management and the intensification of 
agricultural practices of the past 150 years 
all contributed to the drastic loss of grass-
lands in the region. Today, Hungary holds 
the third largest proportion of agricultural 
land in the EU (Donald et al. 2002). Con-
servation of grassland type habitats (or so 
called ‘puszta’) entails two general app
roaches, 1) management of landscape le
vel habitat composition and quality through 
regulations and subsidies (Ángyán et al. 
2002) and 2) active, often species or plant 
association specific conservation measures 
(e.g. Fehérvári et al. 2012). In the latter 
case, measures may include habitat recon-
struction, eradication of invasive species 
and supplementing breeding possibilities 
like nesting islands, artificial twig nests or 

nest-boxes. For instance, two emblema
tic species, the Roller (Coracias garrulus) 
and the Red-footed Falcon (Falco vesperti-
nus) typically suffer from shortage of nes
ting opportunities in Hungary (Bagyura & 
Palatitz 2004, Fehérvári et al. 2009, Palatitz 
et al. 2009, Kiss et al. 2014). The meticu-
lous nest-box programs of the past decades 
had shifted the majority of breeding pairs of 
these two species to artificial nesting sites. 
Red-footed Falcons occupy naturally occur-
ring breeding possibilities like nests built by 
other species. In Hungary, species that build 
adequate nests for the falcons are of the ge-
nus Corvus, typically Rooks (Corvus frugi-
legus), Hooded Crows (Corvus corone cor-
nix) and Magpies (Pica pica). In the 1940s, 
the estimated 2000–2500 pairs of Red-foot-
ed Falcons predominantly used rookeries. 
However, due to a direct corvid specific 
poisoning protocol, and presumably due to 
large scale changes in land use, and the col-
lapse of animal husbandry, approximately 
90% of previously available rookeries were 

A kék vércsék esetében 1432 költési kísérletet elemezve azt találtuk, hogy sem a fészekaljméret, sem a költéssiker 
nem különbözik a természetes és a mesterséges fészkek között, azonban a kelési siker alacsonyabb a természetes 
fészkekben. Ha kihagyjuk a zárt ládákat az elemzésből, ez a különbség nem kimutatható. Vörös vércsék esetében 
1626 költési kísérlet elemezve a fészekalj méret szignifikánsan magasabb a költőládákban, de a fészkelési sike-
resség és a kirepülési siker nem tér el. Ha kihagyjuk a zárt ládákat az elemzésből, ez a különbség szintén eltűnik. 
A különböző költőláda típusokban a költési paramétereket döntési fákkal elemeztük. Mindkét vércse fajnál az év 
hatása a legmeghatározóbb a költési paraméterek formálásában, azonban a költőláda típusoknak szignifikáns ha-
tása volt kék vércsék esetén. A magas átlagos fészekalj méretű években a madarak átlagosan kevesebb tojást rak-
tak egy régebbi, zártabb és sötétebb költőláda típusban, mint a többi ládatípusba. A repítési siker ezekben a jó 
években mind a régebbi költőláda típusban, mind a nyitott műfészkekben alacsonyabb volt, mint az új kisebb és 
világosabb zárt ládákban. Korrelációs eredményeink szerint létezik fajspecifikus ládatípus preferencia. Kék vér-
cséknél a zárt ládákban mért magasabb reprodukciós siker feltehetően a tetővel rendelkező ládák zord időjárási 
körülmények ellen való védelmét tükrözi. Javasoljuk, hogy a későbbi vizsgálatok ne csak a fészkek típusát (ter-
mészetes, mesterséges), de a mesterséges fészkek esetében a láda típusát is vegyék figyelembe. 

Kulcsszavak: Falco vespertinus, Falco tinnunculus, Asio otus, Corvus monedula, költőláda, költőodú, költési si-
ker, fészekalj méret, kolónia
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either demolished or have shifted location to 
unsuitable habitats for Red-footed Falcons 
(Fehérvári et al. 2009). By 2006 the esti-
mated breeding population was a below 600 
pairs (Palatitz et al. 2015). An internation-
al conservation program initiated in 2006 
with the primary objective to halt this ten-
dency succeeded in increasing the number 
of breeding pairs, primarily through pro-
visioning over 3500 nest-boxes (LIFE05/
NAT/HU/122, see www.falcoproject.eu). 
Today approx. two-thirds of Red-footed 
Falcon pairs breed in man-made structures 
in Hungary (Palatitz et al. 2015). Provision-
ing artificial breeding structures for these 
falcons has a long history in the Carpathi-
an Basin, the first records of nest-baskets 
used date back to the first decade of the 20th 
century (Csörgey 1908). Since then a series 
of local and/or small scale programs built 
up valuable experience, that aided the suc-
cess of the countrywide program (Bagyu-
ra & Palatitz 2004). For instance, in 1989 
the Csongrád County local group of MME/
BirdLife Hungary started an artificial nest 
program at three separate locations (Csaná-
di-puszták, Cserebökényi-puszták and Bak-
si-puszta). There was no considerable large 
breeding population of Red-footed Falcons 
in the County in the past 60–70 years (Keve 
& Szijj 1957, Sterbetz 1959, 1975), only a 
single larger colony (70 pairs) was repor
ted from Baksi-puszta in the 1960s (Mol-
nár & Tajti 2007). The neighbouring Békés 
County held a total of 550 pairs in 13 colo
nies in 1990, however this population de-
creased by 50% in the following five years 
(Tóth 1995). By the early 2000s, the majori
ty of the remaining pairs also disappeared 
(Bagyura & Palatitz 2004). Despite the rela
tive low number of breeding birds in the 
region, the occupancy rate of the artificial 
nests and open nest-boxes was surprisingly 

high (Vajda 1992, Molnár 2000). This prog
ram was followed in the Vásárhelyi-puszta 
in 1995 and still continuous to date, result-
ing in one of the densest Red-footed Falcon 
breeding site within the EU (Palatitz et al. 
2009). Despite the deliberate aim of colo-
nies to increase the number of Red-footed 
Falcon breeding pairs, various other species 
(e.g. Kestrel – Falco tinnunculus, Jackdaw 
– Corvus monedula, Long-eared Owls – 
Asio otus) are also taking advantage of the 
nesting sites (Kotymán 2001). The fact that 
territorial species like Kestrels use colonial 
nest-boxes, shows the extreme shortage of 
nests in a near tree-less landscape. 

Although nest-boxes are installed for a 
wide range of species (Mainwaring 2015), 
and are especially successful in case of 
small predatory birds in Europe (Hamer-
strom et al. 1973, Fargallo et al. 2001, Fran-
co et al. 2005, Bux et al. 2008, Gottschalk 
et al. 2011, Catry et al. 2013) and in North 
America (Bortolotti 1994, Katzner et al. 
2005), the effect they have on breeding is 
still poorly understood (Lambrechts et al. 
2012). Particularly difficult is to establish 
whether the inference of studies carried out 
on birds breeding in structures deliberately 
erected for them can be generalized to popu
lations breeding in naturally occurring nest 
sites. For instance, disentangling nest-type 
effects from that of the foraging habitats can 
be challenging, as breeding site provisioning 
is typically carried out as a conservation tool 
in areas, where they limit population growth 
of the focal species (Mainwaring 2015). 

In this study we report the used box-types, 
the temporal patterns of colonization of the 
four most abundant species (i.e. Red-footed 
Falcon, Kestrel, Jackdaw and Long-eared 
Owl) and present descriptive statistics of 
breeding parameters based on large sample 
sizes from the Vásárhelyi-puszta nest-box 
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program. We also exploit the rare possibili-
ty of assessing nest-type effects on breeding 
performance without marked habitat varia-
bility as our data derive from colonies loca
ted close to each other (Figure 1).

Materials and Methods

Study site

The Vásárhelyi-puszta lies within the mu-
nicipality borders of Hódmezővásárhely, 
Békéssámson, Székkutas, Orosháza and 
Kardoskút (N 46°28’25”, E 20°37’30”). 

A  total of 8000 ha comprises the area, out 
of which 5629 ha are part of the Körös-Ma-
ros National Park since 1999. The protec
ted area and its surroundings are also Na­
tura 2000 sites and constitute the HUKM 
10004 SPA. Approximately 60% of the area 
is grassland, of which the bulk is utilized 
as meadows. The composition of livestock 
grazing extensively in the area is made up 
of 250–800 cattle, 1800–2500 sheep, 10–
60 horses. Mowing prior to grazing is car-
ried out on circa 30% of the grazed areas. 
The natural type habitats are interspersed 
with arable fields of variable sizes (2–150 
ha), where maize, sunflower, various cere-

Figure 1.	 Location of the study site and 4 artificial colonies within. The fifth colony (Tótkutas, see 
Table 1) is approx. 6 kms southeast from the 10×10 km study area. The study area was 
defined primarily to assess habitat structure in previous studies (Palatitz et al. 2011). We also 
used this area to map solitary pairs breeding in natural nests in the vicinity of the artificial 
colonies. Recently, two rookeries were established within the loose colony Csajág (see Table 
1), the other one is approx. 17 kilometers from this site (outside the study area)

1. ábra	 A vizsgálati terület és azon belül a 4 mesterséges fészektelep elhelyezkedése. Az ötödik 
telep (Tótkutas, lásd 1. táblázat) mintegy 6 kilométerre található a kutatási területtől dél-
keletre. A 10×10 km-es kutatási terület lehatárolást elsősorban korábbi vizsgálatokban 
használtuk élőhely összetétel meghatározásra (Palatitz et al. 2011), de ebben a vizsgálatban 
ezt a területet használtuk a természetes fészkekben költő szoliter vércsék feltérképezéséhez. 
A közelmúltban két vetési varjú telep is létesült: egy a Csajág nevű mesterséges kolóniában 
(lásd 1. táblázat), és egy másik, mintegy 17 kilométerre innen
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als, and alfalfa are cultivated typically with 
intensive agro-technologies. Large scale ir-
rigation is absent from the area. Shallow, 
endorheic basins in between the arable 
fields, and grasslands retain temporary sa-
line lakes or marshes. However, total wa-
ter coverage on the grasslands is not un-
common from early spring to mid-summer. 
Dirt roads, channels and ditches create a rel-
atively dense network of linear structures 
in the landscape. Five-six decades ago, the 
landscape had a sizeable human population 
with a total of 200 active farms in the area. 
Currently only 20 active homesteads and 2 
livestock farms are present. 

The area is plain flat, with an elevation 
of 86–88.5 m (a.s.l.). Typical soil types of 
the region are highly alkaline solonchaks, 
and solonetz. Mean annual sunlit hours are 
2000–2050 while temperature 10.4–10.6 
°C. Daily average maximum temperature in 
summer is high (34.6–34.8 °C), while an-
nual cumulative precipitation is highly vari
able (280–850 mm). Highest average rain-
fall months are May and June. These two 
can provide 25% of the total annual precipi
tation. The original vegetation of the grass-

land remained around the saline lakes and 
marshes. Typical plant associations of the 
grasslands are short (Achileo-Festucetum 
pseudovinae) to medium (Agrostio-Alope-
curetum pratensis) vegetation height (Mol-
nár et al. 2012). The most treasured natu-
ral value of the area is the diverse bird life 
present throughout the year. The Kardoskú-
ti Fehér-tó alkaline lake is a Ramsar site, as 
it is a migratory hotspot for Greater White-
fronted Goose (Anser albifrons), Common 
Crane (Grus grus), and for various waders 
(Charadriiformes). Typical breeding species 
are Yellow Wagtail (Motacilla flava), Sky-
lark (Alauda arvensis), Lesser Grey Shrike 
(Lanius minor), Marsh Harrier (Circus 
aeruginosus), Roller, Avocet (Recurvirostra 
avosetta), Great White Egret (Casmerodius 
alba), White-tailed Eagle (Haliaeetus albi-
cilla) and Imperial Eagle (Aquila heliaca). 
Most common mammals of the area are the 
periodically gradating Field Vole (Microtus 
arvalis), the European Hamster (Cricetus 
cricetus), Steppe Mouse (Mus spicilegus), 
Common Hare (Lepus lepus), Roe Deer 
(Caprimulgus europeus). Typical predators 
are Red Fox (Vulpes vulpes), Beech Marten 

Colony 
Name

First breeding 
season

Dominant tree 
species

Height 
(m)

Total area 
(ha) Description

Ficsér 1995 Fraxinus excelsior 7-9 0.6 Dense, compact colony

Csajág 1996

Quercus robur, 
Eleganus 

angustifolia, 
Gleditsia 

triacanthos

4-10 10
1 dense and 2 loose  
group of nest-boxes  

and a rookery

Peczérczés 2005 Ulmus minor 11-13 0.44 Dense, compact colony

Tanyaszél 2009 Robinia 
pseudoacacia 8-15 0.2, 0.4 Dense, compact colony in 

two distinct group of trees

Tótkutas 2013 Robinia 
pseudoacacia 8-10 1.2 Dense, compact colony

Table 1.	 Description of the five studied artificial colonies
1. táblázat	 A vizsgált 5 mesterséges kolónia jellemzői
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(Martes foina) and Weasel (Mustella niva-
lis) (Kotymán L. pers. obs.).

Location of artificial colonies

Trees that may support nest-boxes are typi-
cally present at the location of former farms, 
homesteads. Altogether we have created 4 
larger colonies more or less aligned on the 
central north-south axis of the area. A total 
of 5 larger colonies (Table 1), smaller nest-
box groups and a handful of solitary nest-
boxes were interspersed between the larger 
colonies. In 2014 we drastically increased 
the number of solitary nest-boxes, distribut-
ing them to various distant locations of the 
area. The number of breeding platforms was 
gradually increased at each colony, and cur-
rently a total of 250–255 artificial breeding 
sites are available for the birds. The boxes 
were placed below the canopy, at 3–8 meters 
typically on the trunk, or one of the larger 
branches of the trees. Positioning and expo-
sure of the nest boxes varies, the governing 
rule of decisions was based on tree structure 
rather than favouring a chosen direction. In-
triguingly, we noticed, that if a nest-box is 
placed in near perpendicular tree fork, the 
life expectancy of the nest-box grew con-
siderably. Due to the shortage of trees ca-
pable of holding a nest-box we placed often 
placed 2–9 boxes on a single tree. 

Nest-box types

We predominantly used 3 types of nest-bo
xes during the past 20 years, 1 open plastic 
box (1. O.B.), and 2 covered wooden box-
es (1. C.B. and 2. C.B) (see Figure 2 for de-
tailed dimensions). The open platform was 
a 20 litre canister sawed in half, and perfo-
rated with 1 cm holes on the sides and the 
bottom to allow water to flow through. The 

useful area is 0.1 m2 and the weight is 0.46 
kg. Prior to installing these on the trees, we 
pressed a 5–8 cm turf block into the plat-
form and formed a nest like cavity. This was 
the only box type used until 1999.

We started placing out 1.C.B. type boxes in 
2000. This box comprised of 2 cm thick pine 
sideboards, the roof cut out from plywood 
and strengthened with a tin sheet, while the 
bottom was created from wattle boards. The 
total weight is a considerable 7.2 kgs, and 
the inner useful area is 0.11 m2 of this box. 
We also used 1 cm wide and 12 cm long me
tal strips strengthened to the back of the box 
to help fixing the boxes in place.

Since 2005 we have been using a new 
closed box type (2.C.B.), which is smaller 
and lighter compared to the previous ver-
sion. Here the sideboards and the roof are 
made from pine, the bottom from either 
oak (Quercus spp.), or locust-tree (Robi
nia pseudo-acacia). All boards got fungi-
cide soaking prior to assembly. Fixing the 
box on the trees is aided by a 50 cm long 
pine board screwed on the back of the box. 
We also glued a 5x10 cm mirror on the in-
ner surface of the roof to allow assessing the 
content without having to climb up to the 
box. The weight of 2.C.B. is 5.3 kg while 
the useful inner area is 0.0625 m2. As nest 
material, we used a 3–5 cm thick dry grass 
bedding. In case the nest material com-
prised from leftover pellets and remains 
from previous breeding attempts, in general 
we did not clean them but see (Fehérvári et 
al. 2015). All nests were numbered on the 
bottom, side and front, with either visible 
white oil paint or with chalk. In a few cases 
we found a couple of successful Red-foot-
ed Falcon nesting attempts in closed D-type 
boxes, Common Buzzard (Buteo buteo) 
nests and Wood Pigeon (Columba palum-
bus) nests, however the vast majority of all 
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breeding attempts occurred in the three nest-
box types. 

Corvid nests 

Prior to the mid ’90s only a dozen or so 
pairs of Magpies or Hooded Crows bred in 

the area. However, the local breeding popu-
lation of both species increased somewhat 
during the past 20 years. Moreover, the pre-
viously completely absent Rooks have al-
so started breeding in 2009 (Horváth et al. 
2015). By 2014 over 500 breeding pairs 
were present in 2 rookeries.

Figure 2.	 Schematic drawings of the three most commonly used nest-box designs. The open box 
1.O.B. was created from 20 litre plastic canisters sawed in half, while the other two are made 
of wood. All boxes were erected to approx. the same height and with various orientations 

2. ábra	 A három leggyakrabban használt ládatípus tervrajzai. A nyitott láda (1.O.B.) félbevágott 20 
literes műanyag marmonkannából, míg a másik két típus fából készült. Az összes ládatípus 
közel hasonló magasságban és véletlenszerű orientációval került kihelyezésre 
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To monitor Red-footed Falcons not only 
in artificial colonies, but also in solitary cor-
vid nests, we created the Red-footed Falcon 
study area in the Vásárhelyi Plain, a 10×10 
km study area centred on the oldest colony 
(Palatitz et al. 2011), where we mapped all 
possible breeding attempts. 

Assessing breeding performance 

Nest occupancy, clutch size, hatching suc-
cess and fledging success were monitored 
throughout the study period by visiting each 
nest individually. In all cases we used lad-
ders to climb up to the nest, even though 
from 2006 we had mirrors installed into 
2.C.B. type boxes. These mirrors were on-
ly used for verification of observations, if 
deemed necessary. In most cases all nests 
were visited on the same day, or if condi-
tions hindered this, we visited all nests with-
in a couple of days. In the first two years 
2-3 visiting rounds, from 1997–2005, 3–8 
rounds, and from 2006, 6–12 rounds were 
made annually. Red-footed Falcon and 
Kestrel eggs are practically inseparable 
based on colour or morphology, therefore 
to assess the species we collected additional 
information with spotting-scopes and bino
culars. The timing of visits was always ad-
justed to the individual year’s conditions. In 
general, the first visiting round was made in 
mid-March and we also carried out neces-
sary maintenance works like refilling nest 
lining, or refurbishing the boxes in the first 
round. In April we typically surveyed the 
boxes 1–2 times, in May at least twice. In 
June we switched to visiting protocol with 
8–14 days in between, while in July the vi
sits were made more frequent with a visit 
every 7–10 days. In August typically only a 
handful of late breeders had nestlings, how-
ever we followed through with their visits 

until the last of the fledglings left the boxes. 
This pattern made it possible to estimate the 
breeding performance of all species breed-
ing in the boxes, but we were also able to 
collect data on egg laying date in case of the 
most common species. We avoided timing 
the visiting rounds on cold, rainy, or windy 
days especially during the incubation peri-
od. In spring we typically performed rounds 
around mid-day, while in summer we took 
advantage of early mornings and late after-
noons. 

In case of all nests we recorded the spe-
cies and sex of the birds that left the box 
upon arrival, the content of the nest-box 
(species, eggs, nestlings) and all other infor-
mation that pointed to future occupation of 
the nest-box (scrapings, missing nest-lining, 
pellets etc.). We also recorded the type and 
frequency of identifiable food remains, like 
carcasses, feathers, skulls. In case we found 
nestlings, we aged the whole clutch to days, 
and recorded all abnormalities, like obvious 
symptoms of illnesses, or general poor con-
dition. Since 2006, 99% of all Red-footed 
Falcons were ringed with individually co
ded colour rings. 

We also monitored all breeding attempts 
that occurred in natural nests within the ar-
tificial colonies, in rookeries or at solitary 
nests with similar intensity. In case of natu
ral nests, however it is not always possible 
to climb up to the nests, therefore we used 
a large pole with a mirror attached to the 
end. The mirror was placed over the nest 
and the content was checked with binocu-
lars. In this case mid-aged downy nestlings 
cannot be counted only their presence con-
firmed. However, once they start growing 
flight feathers this is easily achievable, thus 
causing no bias in later analyses. In case of 
rookeries, we labelled the nests on the trunk 
of trees to allow identification similar to that 
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of artificial colonies. We also recorded the 
geographic coordinates of all solitary nest-
ing attempts. 

Statistics

To evaluate the potential differences in 
breeding success parameters between natu-
ral and artificial breeding sites, we only used 

the data of colonial pairs. Natural nest sites 
occurred in all studied artificial colonies, as 
a couple of hooded crows, or magpies built 
nests in the canopies of the trees holding the 
nest-box colonies. Since 2009, two rooke
ries were also established in the study area, 
that were used for breeding by Red-footed 
Falcons, thus we included the data deriving 
from these breeding attempts. To evaluate 

Figure 3.	 Cumulative number of nest-boxes, and the number of box designs available in each year 
of the study period. We have gradually shifted the proportions of nest-boxes to type 2.C.B: 
since 2006. Not specified (N.S.) are a small number of various other nest-box designs that 
have not been described in detail 

3. ábra	 A kutatási területen található költőládák kumulatív száma a vizsgálati években, és az éveken 
belül elérhető különböző ládatípusok aránya. A nem definiált (N.S.) kategóriába olyan ládák 
tartoznak, amelyeket jelen cikkben nem részleteztünk
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Figure 4.	 Clutch size histograms of Red-footed Falcons (n=1280 clutches) and Kestrels (n=1442 
clutches) during the study period

4. ábra	 Fészekalj méret hisztogramok a kék vércsék (n=1280 fészekalj) és a vörös vércsék (n=1442 
fészekalj) esetén

Species
Number 

of nesting 
attempts

Percentage 
of solitary 

attempts (%) 1.
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.
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B.

Ro
ok
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O
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er

Kestrel 1626 11.6 395 319 686 53 37 111 25

Red-footed Falcon 1432 9.1 224 148 654 206 31 145 24

Jackdaw 702 1.1 1 366 333 0 0 0 2

Long-eared Owl 217 15.7 53 13 59 18 7 65 2

Table 2.	 Number of breeding attempts of the four most common species according to different 
breeding platforms observed during the 20 year study period 

2. táblázat	 A négy leggyakoribb faj 20 év során megfigyelt költési kísérleteinek száma a különböző 
fészektípusokban
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nest-box design effects we only used the da-
ta deriving from years (since 2006), when 
all nest-box types were available for the 
birds (Figure 3). As dependent variables we 
analysed clutch size (number of eggs/nest), 

fledging success (fledged nestlings/number 
of eggs) and nesting success (at least one 
fledged nestling/nest). We interpreted clutch 
size as a measure of the product of parental 
quality and investment and fledging success 

Figure 5.	 The cumulative number of nest-boxes (bars) and the number of breeding pairs (clutches 
with at least one egg) during the study period. Red-footed Falcons, Kestrels and Jackdaws 
show a significantly increasing trend (see Table 3), while Long-eared Owls remain relatively 
stable within the time framework presented. (The total number of breeding pairs may 
exceed the number of boxes available as the same boxes may be used by several species 
within a breeding season.) In 2014, the total number of Red-footed Falcons seemingly drops, 
however a relatively large proportion of the population used rookeries (natural nests, not 
depicted here), therefore the overall number of pairs increased within the study site

5. ábra	 Az összesen elérhető ládák száma (oszlopok) és a bennük költő különböző fajok párjainak 
(legalább egy tojást raktak a ládába) száma. Szignifikánsan nőtt (lásd. 3. táblázat) a kék 
vércse, vörös vércse és a csóka párok száma, míg az erdei fülesbaglyoké kevéssé változott 
az elmúlt 20 évben. (Egy adott évben a párok száma összesen magasabb lehet, mint az 
elérhető ládák száma, mert egy adott fészket a különböző fajok, vagy akár azonos faj 
különböző egyedei egymást követve használhatják egy költési perióduson belül). A kék 
vércsék esetén az utolsó évben látható csökkenést elsősorban az okozza, hogy ebben az 
évben a párok jelentős része a területen található vetési varjú telepeken költött 
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as the measure of parental quality and envi-
ronmental effects.

In case of Kestrels, clutch size distribu-
tion and consequently other breeding perfor-
mance parameters follow a relatively sym-
metrical distribution, however for Red-footed 
Falcons this is considerably different (Figure 
4). Here, the distribution has a considerable 
skew, with 53% of all observed clutches con-
taining 4 eggs. Modelling such distributions 
can be challenging with conventional gene
ral linear models (Faraway 2005), therefore 
avoid inferring results based on non-fitting 
linear models we used non-parametric tests 
in case of simple comparisons and Classifica-
tion and Regression Trees (CART) to assess 
nest-box design effects on breeding perfor-
mance (Breiman et al. 1984, De’ath 2002). 
The advantage of CART models is that they 
are less sensitive to the distribution of the de-
pendent variables, and that they allow to map 
out multi-level effect hierarchy of explanato-
ry variables (De’ath & Fabricius 2000, Olden 
et al. 2008). To aid comparability, we applied 
these models for all species and we used nest-
box type, year and type of breeding (colonial/
solitary) as explanatory variables for all mo
dels. We used R 3.2.0 for all statistical analy-
ses carried out (R Core Team 2015). 

Results

We recorded a total of 3977 breeding at-
tempts of the four focus species between 
1995 and 2015 (Table 2). Kestrels were the 
first to use the nest-boxes, a total of 9 pairs 
successfully fledged nestlings in the first 
year the artificial breeding sites were avai
lable (Figure 5). The first Red-footed Fal-
con pairs appeared in 1996, 2 years after the 
program started, followed by the first Long-
eared Owl pairs in 1997. The first Jackdaws 

only started breeding when 1.C.B. type bo
xes were first available in 2001 (Figure 
5). The two falcon species and Jackdaws 
showed a significant increase in number of 
breeding pairs throughout the study period, 
while the number of Long-eared Owl pairs 
remained constant (Table 3). Descriptive sta-
tistics of breeding parameters of the four spe-
cies are presented in Table 4. Albeit not appa
rent from the summary data, the two falcons 
have a considerable difference in the distri-
bution of clutch size (Figure 4). In case of 
Red-footed Falcons, we found no difference 
in mean clutch size (Mann-Whitney U test: 
U=71512, p=0.43) and nesting success rate 
(χ2 test: χ2=0.261, df=1, p-value=0.6) bet
ween colonial pairs breeding in artificial and 
natural nests. However, fledging success was 
significantly different (Mann-Whitney U 
test: U=48826, p=0.02), with higher fledging 
success in artificial nests. When we excluded 
closed box types from artificial nests (1.C.B. 
and 2.C.B.), and only compared 1.O.B. to 
natural nests, this difference was not apparent 
(Mann-Whitney U test: U=1457.5, p=0.77). 
In case of Kestrels clutch size was signifi-
cantly higher in artificial nests (Mann-Whit-
ney U test: U=30816, p<<0.001, median 
difference=1 egg), while we found no diffe
rence in fledging success (Mann-Whitney U 
test: U=10354, p=0.12) or nesting success (χ2 
test: χ2=2.98, df=1, p-value=0.08). When on-
ly comparing 1.O.B. to natural nests, the dif-
ference in clutch size was no longer signifi-
cant (Mann-Whitney U test: U=894, p=0.28).

In case when only artificial nests were 
considered, clutch size of Red-footed Fal-
cons was grouped by nest-box type in the 
second level, with 1.O.B and 2.C.B. hav-
ing significantly higher number of eggs/
clutch compared to 1.C.B. in certain years 
(Figure 6) according to the CART analysis. 
However, clutch size was only influenced by 
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Species Effect of year SE t-value p-value R2

Red-footed Falcon 8.2 0.86 9.35 <0.0001 0.83

Kestrel 6.6 1.47 4.47 <0.0001 0.49

Jackdaw 4.05 0.41 9.83 <0.0001 0.88

Long-eared Owl 0.31 0.20 1.58 0.13 0.07

Clutch Size

Mean SE SD Median Range n

Kestrel 5.05 0.03 1.35 5 1-9 1442

Red-footed Falcon 3.38 0.02 0.88 4 1-5 1280

Jackdaw 4.35 0.05 1.32 5 1-7 511

Long-eared Owl 4.72 0.16 1.78 5 1-10 132

Number of Fledged nestlings

Mean SE SD Median Range n

Kestrel 4.01 0.05 1.54 4 1-8 1442

Red-footed Falcon 2.76 0.04 1.05 3 1-5 1280

Jackdaw 2.44 0.06 1.22 2 1-6 511

Long-eared Owl 3.09 0.20 1.51 3 1-7 132

Fledging rate (%)

Mean SE SD Median Range n

Kestrel 51.87 1.12 39.43 66.66 0-100 1442

Red-footed Falcon 48.77 1.29 42.29 50 0-100 1280

Jackdaw 34.94 1.55 32.77 33.33 0-100 511

Long-eared Owl 30.25 1.55 36.05 0 0-100 132

Table 3.	 Linear regression effect summaries of time (year) on the number of breeding pairs of the 
4 most common species at the study site. The number of Red-footed Falcons, Kestrels 
and Jackdaws show a significant mean increase, however the number of Long-eared Owl 
pairs remains constant over time

3. táblázat	 Az év, költés, költési kísérletek száma összefüggésre illesztett lineáris regressziós 
modellek becsült együtthatói és tesztjei, valamint R-négyzet értékei a négy leggyakoribb 
faj esetén. Az erdei fülesbagoly kivételével mindegyik faj költőállománya szignifikáns 
növekedést mutat az elmúlt 20 évben

Table 4.	 Descriptive statistics of clutch size (maximum number of eggs), number of fledged 
nestlings (i.e. reproductive success) and fledging rate (i.e. ratio of successfully fledged 
nestlings/maximum number of eggs layed), for the 4 most common breeding species at 
the study site 

4. táblázat	 A fészekaljméret, a repített fiókák száma, illetve a repítési siker (fiókák száma/fészekalj-
méret) leíró statisztikái a négy leggyakoribb költő faj esetén
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inter-annual differences in case of Kestrels, 
with similar between year patterns as in case 
of Red-footed Falcons (Figure 7). Fledging 
success of Red-footed Falcons was superior 
in 2.C.B. nest-boxes, regardless of season-
al effects (Figure 8), while only large (8.5–
77% mean fledging rate) annual differences 
were observed in case of Kestrels (Figure 9). 

Discussion

The colonization of the newly established 
artificial colonies by Kestrels, Long-eared 

Owls and Red-footed Falcons was rapid. 
Kestrels were the first to breed in the 1.O.B. 
type boxes in the first year, followed by 
Red-footed Falcons and Long-eared Owls 
in the next year. This immediate and large 
scale acceptance of the man-made platforms 
probably indicates that nest-site shortage 
was a severely limiting factor in an area of 
high quality. The fact that Kestrels were the 
first to colonize is not surprising, this spe-
cies was present as a breeder in solitary nat-
ural nests prior to the first nest-boxes were 
in place, albeit in small numbers. However, 
Red-footed Falcons were absent from the 

Figure 6.	 Regression tree on Red-footed Falcon clutch size grouped by years and nest-box type. 
Terminal nodes (grey boxes) show respective sample size (n) and mean clutch size (y). In 
years when mean clutch size is larger (2007–2009, 2011, 2012 and 2014) nest-box type has 
a significant effect, with clutches in 1.C.B. being nearly an egg smaller on average compared 
to the other two box types. However, in low clutch size years (2006, 2010 and 2013) there is 
no apparent effect of nest-boxes

6. ábra	 Regressziós fa a kék vércsék fészekalj méretére az évek és a költőláda típus függvényében. 
A leveleken (szürke dobozok) az adott leágazáshoz tartozó mintaszámot (n) és a 
csoportátlagot ábrázoltuk (y). Azokban az években, amikor az átlagos fészekalj méret 
magas (2007–2009, 2011, 2012 és 2014), az 1.C.B. ládatípusban átlagosan majdnem egy 
tojással kisebb fészekaljat raknak a madarak. Azonban azokban az években, amikor az 
átlagos tojásszám alacsonyabb (2006, 2010 és 2013), a ládatípusnak nincs hatása
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area and practically from the surrounding 
region as well. It still remains unresolved 
how individuals find these resources. Per-
haps non-breeding individuals, dispersing 
juveniles or passage migrants memorize 
potential future breeding sites, and return 
in the following seasons. Due to the rela-
tively treeless landscape, the created arti-
ficial colonies stand out and are probably 
easily detectable for birds from larger dis-
tances. Another possibility is that falcons 
located and decided to breed in the colo-
nies through heterospecific habitat copy-
ing (Parejo et al. 2005, Kivelä et al. 2014), 

using the cues provided by Kestrels (Su-
masgutner et al. 2014). Jackdaws first ap-
peared as in 2001, coinciding with the first 
breeding season when 1.C.B. type boxes 
were made available. These boxes are dark-
er due to the relatively small entrance locat-
ed asymmetrically on the front. Presumably, 
this design resembles the natural cavities, 
cliffs and corners of abandoned houses/
church towers typically used for nesting by 
Jackdaws (Soler & Soler 1996, Henderson 
et al. 2000, Campobello et al. 2012). How-
ever, once a considerable number of pairs 
have established in the colonies, this species 

Figure 7.	 Regression tree on Kestrel clutch size grouped by years. Terminal nodes (grey boxes) show 
respective sample size (n) and mean clutch size (y). Nest-box type has no effect in neither 
years with high mean clutch sizes (2007–2009, 2011, 2012 and 2014) nor in low clutch 
size years (2006, 2010 and 2013). However, the inter-annual variation is remarkable, the 
differences in average clutch size can be up to nearly two eggs

7. ábra	 Regressziós fa a vörös vércsék fészekalj méretére az évek és a költőláda típus függvényében. 
A leveleken (szürke dobozok) az adott leágazáshoz tartozó mintaszámot (n) és a 
csoportátlagot ábrázoltuk (y). Sem azokban az években, amikor az átlagos fészekaljméret 
magas (2007–2009, 2011, 2012 és 2014), sem azokban, amikor alacsonyabb (2006, 2010 
és 2013) nincs a láda típusának hatása. Azonban jelentős évek közötti eltérést lehet 
megfigyelni, majdnem két tojásnyi átlagos eltérés is lehet
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was able to switch to 2.C.B. nests in some 
occasions. Long-eared Owls appeared at the 
colonies together with Red-footed Falcons, 
however as opposed to the other three spe-
cies, the number of breeding owl pairs re-
mained near constant over the study period. 
This species is the most common nocturnal 
avian predator in the region, therefore it is 
unlikely that local population size is caus-
ing the observed pattern. Long-eared Owls 
are restricted territorial breeders, and may 
often breed in clusters (Rodriguez et al. 
2006), thus intraspecific exclusion may have 

a smaller role in regulating breeding num-
bers at our colonies. Moreover, these birds 
are often the first to commence breeding at 
our study site (pers. obs.), thus the lack of 
empty potential platforms can be excluded. 
Owls are often mobbed by birds (Pavey & 
Smyth 1998), and we have also observed 
such behaviour at our study site. Owls were 
mobbed by both falcon species quite often 
when flushed during nest-inspections, re-
gardless of the presence of humans. We have 
also observed Red-footed Falcons harass in-
cubating owls to the extent that the owls de-

Figure 8.	 Regression tree on Red-footed Falcon fledging success (i.e. number of fledged nestling/
maximum number of eggs per clutch) grouped by years and nest-box type. Terminal 
nodes (grey boxes) show respective sample size (n) and mean clutch size (y). In years when 
fledging success is higher (2007–2009, 2011–2014) and in years when it is lower (2006 and 
2010) nest-box type has a significant effect, with eggs in 2.C.B. having higher probability of 
becoming fledged nestlings

8. ábra	 Regressziós fa a kék vércse repítési sikerére az évek és a költőláda típus függvényében. 
A leveleken (szürke dobozok) az adott leágazáshoz tartozó mintaszámot (n) és a 
csoportátlagot ábrázoltuk (y). A repítési siker magasabb volt a 2.C.B. típusú ládában, mind 
azokban az években, amikor sikeresebbek voltak a madarak (2007–2009, 2011–2014), mind 
pedig azokban, amikor sikertelenebbek (2006 és 2010)
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serted their clutch, leaving the box to be used 
by the harassing falcon pair. It may be plau-
sible that despite their early breeding and 
potential to cluster into a confined area, the 
number of adverse interspecific interactions 
creates a pressure, that only the most com-
petitive and/or resilient pairs can cope with, 
and that this pressure limits the number of 
pairs breeding in the studied colonies. 

Concerning the effect of nest-type in colo-
nies, we found that Red-footed Falcons laid 
the similar sized clutches in both artificial 

and natural nests however median fledging 
success is lower in natural stick nests. The 
former parameter reflects parental quality 
and investment into reproduction, indicat-
ing that breeding pairs probably did not dif-
ferentiate among boxes in general and twig 
nests. The fact that fledging success was sig-
nificantly lower in artificial nests, but when 
only considering open boxes, this difference 
disappeared probably indicates how closed 
boxes protect the clutches. Stick nests in 
our area are predominantly open nests, with 

Figure 9.	 Regression tree on Kestrel fledging success (i.e. number of fledged nestling/maximum 
number of eggs per clutch) grouped by years. Terminal nodes (grey boxes) show respective 
sample size (n) and mean clutch size (y). Nest-box type had no significant effect here, 
however there is a considerable difference between years as in the most successful year 
(2009) 77% of eggs reached became nestlings on average while in the worst years only 
8.6% did

9. ábra	 Regressziós fa a kék vércsék repítési sikerére az évek és a költőláda típus függvényében. 
A  leveleken (szürke dobozok) az adott leágazáshoz tartozó mintaszámot (n) és a 
csoportátlagot ábrázoltuk (y). Szemben a kék vércsékkel, a láda típusnak nincs csoportosító 
hatása, csak az évhatás határozta meg a repítési sikert. Azonban jelentős eltérések 
mutathatók ki évek között, míg a legjobb évben (2009) átlagosan 77%-a a lerakott 
tojásoknak kikelt és kirepült, addig a legrosszabb években mindez csak 8,6%



ORNIS HUNGARICA 2015. 23(1)18

the exception of newly built Magpie nests. 
These are seldom used by the falcons, ty
pically 2–3 year old nests are occupied 
where the roof like structure is often miss-
ing. Thus, natural nests predominantly con-
stitute open, roofless nests, while artificial 
nests are dominated by boxes with complete 
cover. The lack of significant difference in 
open boxes versus artificial nests therefore 
probably indicates how cover over clutches 
protects them from either predators or more 
likely, from adverse weather conditions. 
Stochastic extreme weather conditions are 
known to have a direct and detrimental ef-
fect on avian populations by causing direct 
mortality (Newton 2007). Heavy rainfall 
and hail from thunderstorms are not uncom-
mon at our study site, and we have observed 
mass mortality effects of these previously. 
However, Kestrels had significantly larger 
clutch size in artificial closed nests, but had 
similar median fledging and overall nesting 
rates in natural nests. One would expect that 
cover over the clutches would have similar 
and general effects causing similar patterns 
across species. It is possible that Red-footed 
Falcons have different physiological coping 
mechanisms to extreme weather, or that roof 
cover is just a confounding effect masking 
true cause of the observed pattern. 

When concentrating on nest-box types, in 
general only Red-footed Falcons were affec
ted to a certain degree by the box-design, but 
both species were sensitive to inter-annual ef-
fects. The predominant prey for both species 
is the Common Vole (Microtus arvalis). Po
pulation density of this small mammal fluc-
tuates multi-annually (Tkadlec & Stenseth 
2001) and can produce mass outbreaks (Ja-
cob et al. 2014) as has happened in 2014. In a 
previous study, we have showed that despite 
the low variability in clutch size, Red-footed 
Falcons adjust their reproductory investment 

to vole abundance (Fehérvári et al. 2011). 
Kestrels are small mammal specialists with 
various adaptive responses to fluctuating 
prey abundance that entail immigration to 
high prey density areas and adjusting clutch 
size (Korpimäki & Norrdahl 1991). Thus, the 
inter-annual effects in clutch size can be in-
terpreted as adaptive responses to prey avail-
ability and to some degree to weather during 
the breeding period (Fehérvári et al. 2011). 
However, in years when mean clutch size was 
larger, Red-footed Falcons had significantly 
smaller clutches in 1.C.B., indicating that ei-
ther parental quality and/or investment was 
different in case of pairs breeding in these 
boxes. These boxes may have different ther-
mal regimes, light-levels within and a narrow 
view-point from the inside for incubating 
birds. Moreover, Jackdaws that predominant-
ly prefer these boxes often build stick nests 
within, further decreasing light and visibili-
ty. It is possible that Red-footed Falcons ge
nerally avoid and thus, only less competitive 
pairs utilize these boxes, due to these fac-
tors. Fledging success was also lower here, 
together with 1.O.B., in both high and low 
success rate years compared to that in 2.C.B. 
nests. The lack of difference in clutch size be-
tween 1.O.B. and 2.C.B., while a significant 
deviation in mean fledging rate may indicate, 
that the falcons showed no avoidance to open 
boxes, but had lower success due to the lack 
of cover. On the other hand fledging success 
was also lower for 1.C.B. compared to 2.C.B. 
while both boxes provide cover. The indica-
tion of lower parental quality/investment in 
1.C.B. boxes based on clutch size may also 
be reflected in fledging success. Therefore, 
the observed pattern in the two box types 
may derive from alternative processes result-
ing in similar reproductive output. 

Our results demonstrate that multi-species 
nest-box colonies may be extremely success-
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ful in aiding the colonization of novel areas 
by several species. Seemingly, the falcon 
species breeding in these artificial colonies 
have somewhat different breeding success 
patterns compared to natural nests, however 
they are not inferior to these. Generalizing re-
sults obtained at these colonies is possible to 
birds breeding in natural nests, providing fu-
ture statistical analyses incorporate nest-type 
effects. However, it is possible that indivi
duals breeding at these sites experience fac-
tors not present at natural breeding sites. For 
instance, Red-footed Falcons have to cope 
with a dynamic within colony nest location 
pattern that changes each year in rookeries 
(Purger & Tepavčević 1999), while the lo-
cation of nest-boxes remains constant over a 
long time period. Furthermore, closed box-
es restrict field of view from the birds’ per-
spective compared to open rook nests. These 
may alter social interaction patterns, and thus 
birds may have different adaptive responses 
to these as in rookeries. From a conservation 
perspective, as tool, nest-boxes in this envi-
ronment are successful and have to be propa
gated. However, mid-to long term research 

and conservation efforts have to concentrate 
on preserving, managing and if possible fur-
ther increasing the number of rookeries to 
ensure sustainability of the already existing 
population.
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