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Abstract Since urbanization is a worldwide phenomenon, numerous species have gained the advantage of ur-
ban ecosystems. The Eurasian Collared Doves (Streptopelia decaocto) has become widespread all across Eu-
rope along with human-altered habitats. In general, population levels are stable but numbers have locally de-
creased in the past few decades. In parallel, a new wave of urbanization came forward, so Wood Pigeons
(Columba palumbus) entered urban ecosystems alongside with other Columbidae species. In this paper, our
primary goal was to find any connection between habitat availability factors such as coniferous tree density
and the population dynamics of two urbanized species. A locally emerging corvid species, the Hooded Crow
(Corvus cornix) was also taken into consideration in influencing tree-nesting doves and pigeons as a primary
nest predator. During the research period, we aimed to express the differences in habitat structure of two ur-
ban ecotypes by nesting tree availability and structure and to prove the power of predator presence in sampling
sites. Our results showed that residential areas have a higher proportion of coniferous trees, as well as the high
preference of residential areas by Wood Pigeons and Eurasian Collared Doves.
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Osszefoglalas Az urbanizacié egy vilagszerte zajlé folyamat, mely sordn egyes fajok elényt kovacsoltak a va-
rosi 6koszisztéma nytjtotta lehetoségekbol. Igy lett a balkani gerle (Streptopelia decaocto) Eurdpa-szerte szé-
leskortien elterjedt kultirakovetd faj, amelynek dlloméanya dsszességében stabil, azonban vannak olyan kisebb
régiok, ahol allomanyuk csokkend tendenciat mutat. Ezzel parhuzamosan az 6rvos galamb (Columba palum-
bus) fokozatosan er6s6dé varosi térnyerése is megfigyelhetd. Jelen kutatas célja, hogy a varosi ¢léhely nytj-
totta adottsagok, valamint a két galambfaj allomanydinamikaja k6zotti kapcsolatokat feltarja. A populaciot be-
folyasolo tényezok kozé bekeriilt a helyi szinten megerdsddd dolmanyos varju (Corvus cornix) populacioja is,
mint elsédleges fészekpredator. A kutatas soran két kiilonb6zo telepiiléstipus fenti fajokra gyakorolt hatasat ki-
vantuk megismerni, ezzel egyidejlileg a ragadozok dllomanyszabalyozo erejét is bizonyitani. A két vérosi é16-
helytipus ko6zott jelentds kiilonbségek voltak tapasztalhatok a fafajkinalat és a populaciostiriség értékei ko-
z0Ott egyarant.
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Introduction

Urbanization is a common phenomenon that changed the overall identity of human-altered
habitats. It describes the shift of human populations migrating from rural areas, filling up cities
and their environment. In urban areas, natural flora and fauna have become a secondary factor.
As a result, urban habitats are characterized by many extreme anthropogenic factors such as
elevated chemical levels, transformed landscape elements, pollution patches, and disturbance
sources from the enriched population (Marzluff e al. 2001, Devictor et al. 2007). The alter-
ation of habitats offers different food-availability, and in most cases, a specialized predator
presence. As a consequence, qualitative differences can be observed among urban and non-ur-
ban habitats in interspecific interactions such as predator-prey relationships (Chace & Walsh
2006). Most of the species disappeared from cities, but some genera were successfully adapt-
ed to the changes in habitats. Urbanization acts as an environmental filter: as urbanization in-
creases, bird species with similar ecological needs come forward (Croci et al. 2008, Meffert &
Dziock 2013, Sol et al. 2014). The urban fauna has a strictly narrowed spectrum, compared to
anatural habitat. (Rosenberg et al. 1987, Mills et al. 1989, Jokimiki & Suhonen 1993, O’Con-
nell et al. 2000, Ives et al. 2016, Morelli et al. 2016). Firstly, during urbanization, granivorous,
insectivorous, and in air hunting insectivorous bird species were known to be more common
(Emlen 1974, Allen & O’Conner 2000), but recent studies showed, that omnivorous and seed
eater species are the most common in cities, because they gain the most profit in urban habi-
tats. On the other hand, birds that usually feed on insects are the most vulnerable to the nega-
tive effects of urbanization, so they are more abundant in rural and suburban regions (Méathé
& Batary 2015). In nesting ecology, permanent nesting has an advantage against wandering
birds (Allen & O’Conner 2000, Kluza et al. 2000, Poague et al. 2000). The studies coping
deeper with the effect of urbanization revealed that the density and diversity of birds concen-
trate in the peak on less disturbed, mostly suburban, or boundary zones (Jokiméki & Suhonen
1993, Blair 1999). As the urbanization effect grows, the less adaptive birds disappear from ur-
ban ecosystems (Blair 2001). A very impressive example for successful colonization of urban
areas in Hungary are the corvid species, such as Hooded Crows Corvus cornix (Kovér et al.
2015), Ravens Corvus corax (Bagyura et al. 2017) or Jackdaws Corvus monedula, which are
either presented in urban and agricultural or natural habitats (Meyrier e al. 2017). As a spon-
taneous expansion of the Eurasian Collared Dove Streptopelia decaocto has led to following
urban habitats and a strong connection to human presence, so the urbanizing predators are as-
sumed as a high risk for this species. In parallel, the presence of Wood Pigeons Columba pa-
lumbus in urban areas has also increased in the past decades (Bankovics 2001). According to
formerly presented publications, the main reasons for regressing trends of Eurasian Collared
Doves in Hungary are the lack of food sources, the higher level of built-up areas in the city, the
competition of other species (Feral Pigeon Columba livia domestica), and the increasing lev-
el of nest predators (Juhasz 1990).

Bird communities in Debrecen are highly affected by the increasing population of Hood-
ed Crows, which is the primary nest predator of urbanized bird species, such as Eurasian
Collared Doves and Wood Pigeons. Other corvids, like Magpies Pica pica, can also destroy
urban bird nests. This species has also increased in urban habitats (Jokimaiki et al. 2016).
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Figure 1. Map of sampling sites
1.dbra A vizsgélt mintateriletek térképe

In this study, our main goals were to identify the possible connection between populations
of two urbanized Columbidae species and their potential urban nest predator the Hooded
Crow, which has been increased in numbers in the past ten years (Kovér et al. 2015). Since
corvids prefer evergreen vegetation, the coniferous trees were also taken into consideration
as an influential factor. In our opinion, Eurasian Collared Doves were migrated from dis-
turbed areas to outskirts, since a higher abundance was discovered near Debrecen.

Materials and methods

Study areas

Our survey was carried out in Debrecen, Hungary, because the most data of population dy-
namics were presented from this city from the early ‘80s. We assigned 10 sampling sites
(172.08 ha) in the city and 6 more sites in Jozsa (458.1 ha), which was formerly an individ-
ual village (Figure 1). The 10 sites were chosen to represent the diversity of habitat types in
the whole city. The area of Jozsa was entirely recorded. Observations were performed from
2016-2020 with a year of pause in 2017.

Data collection

In each year between 21-27 July, all sites were recorded. Daily observations were carried
out from 7:00 am to 12:00 am. During data collection, all sites were covered by foot the



S. Zs. Varga & L. Juhdsz 149

following factors were recorded: the size of the study area (ha), density of Eurasian Col-
lared Dove density of Wood Pigeon, density of Hooded Crows as the primary nest preda-
tor (densities were calculated to individual/10 ha). Tree densities were calculated from the
observed individuals and the area of the sampling site. Records were summarized and the
mean population density was calculated. In J6zsa we used Pielowski’s line estimation meth-
od (Pielowski 1969). The street network was used as stripes with a 50 metres width to both
sides (100 m bandwidth) for bird density surveys in the entire village. Birds flying forwards
and inside the line were not taken into the summary. The transect length was estimated from
city maps, then during the field work a GPS based pedometer was used for exact values.
Tree height was estimated with Christen’s tree height measuring device, then data was val-
idated by laser distance meter. Tree densities were calculated from observed trees and the
area of each site. In Debrecen, the overall area of each site was observed, and all birds and
trees were recorded within the area, then densities were calculated.

From the records, a standard density was calculated, the average tree height was also eval-
uated from field records. Control measurements by Pielowski (1969) revealed that the meth-
od usually overestimates brown hare populations, so during the evaluation of Pielowski’s
estimation, a 20% correction was used in our research.

Habitat preference was computed by Duncan’s index of habitat preference: HPI=(Oh/Ot)/
(Ah/At) with ‘Oh’ being observations in habitat ‘h’, ‘Ot’ is all observations in all habitats,
‘Ah’ is area covered by habitat ‘h’ and ‘At’ is the total area. This index uses a top-open scale
in which 0 indicates avoidance, between 0 and 1 indicates preference, and above 1 it indi-
cates overuse, e.g. a value of 2.00 represents 200% of habitat overuse.

Statistical analysis

After the data was organized, Mann-Whittney U and Kruskal-Wallis tests were used to de-
termine any difference in population densities of the observed bird species between observa-
tion years and cities. Then, data was grouped by cities, and Pearson’s correlation was com-
puted to reveal if higher coniferous tree species density results higher population densities.
Since the general appearance and branch structure of each species are different, these spe-
cies were correlated to the three observed species individually. For evaluation, SPSS 25.0
software was used. Due to numerous correlations, False Discovery Rate was used to check
significance values.

Results

Differences between populations

Since the Kolmogorov-Smirnov test revealed that none of the observation data have a nor-
mal distribution at 95% confidence interval, nonparametric tests were used.

Eurasian Collared Dove density was significantly higher (Mann-Whitney U: 2.457,
P=0.014, n = 16 sites) and Hooded Crow was significantly lower in Jozsa (Mann-Whitney
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Figure 2. Population dynamics of the three observed species in Debrecen
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Figure 3. Population dynamics of the three observed species in Jozsa
3.dbra A harom megfigyelt faj populaciédinamikaja J6zsan
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Figure 4. Coniferous tree densities in study areas
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Figure 5. Population densities of the three species with overall coniferous tree density values
5.dbra A harom vizsgalt faj és az 6sszes tlilevelli fa denzitdsértékei
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U: -5.585, P <0.01, n = 16 sites) than Debrecen. During the evaluation of temporal trends,
no significant differences were found in Debrecen, meanwhile in Jozsa the Eurasian Collared
Dove population was higher in 2018, then fell back continuously until 2020 (Kruskal-Wal-
lis:12.604, P = 0.006, n = 24 counts at six sites in the four years). Simultaneously, Wood Pi-
geons have gained ground and began to rise in 2020 (Kruskal-Wallis: 16.049, P=0.001,n=
24 counts at six sites in the four years) (Figure 3).

Tree availability of sampling sites

The two settlements showed great difference in species abundance and species richness
of coniferous trees. Since Jozsa is an emerging suburban residential area, the propor-
tion of green areas is higher. The preference of planting coniferous trees can be related
to old traditions, because before the introduction of black locust (Robinia pseudo-aca-
cia) pine tree species were used as building material. Since on plain lands wood availa-
bility was low, residents grew pine (mostly Pinus sylvestris) trees on their land to ensure
their wood supply. Later, citizens of Debrecen moved out to this town, and a new subur-
ban community grew out. The most common decorative tree species were Picea abies,
Picea pungens and Thuja sp., which can be clearly seen on Figure 4. The overall densi-
ty of coniferous tree species are significantly higher in Jézsa (Mann-Whitney U: 6.674,
P <0.05,n=16). In average tree height, there was no significant difference (Mann-Whit-
ney U: 13.0, p=0.073, n = 16).

Correlations

During the examination of possible correlations between species and coniferous tree spe-
cies availability, numerous significant correlations were found. In Debrecen, Eurasian Col-
lared Dove was correlated to Thuja sp. (cor.: 0.656, p = 0.04, n = 10), Hooded Crow was
correlated with Pinus nigra (cor.: 0.760, p = 0.011, n=10) and Wood Pigeons (cor.: 0.681,
p =0,030, n = 10). In Jézsa, Eurasian Collared Doves density correlated to Pinus strobus
(cor.: 0.909, p =0.012, n = 6), so did the Hooded Crows (cor.: 0,904, p=0.013, n =6), and
the two species also correlated with each other (cor.: 0.913, p=0.011, n = 6). All p-values
were calculated with FDR correction.

The dependence of Eurasian Collared Doves to coniferous trees is presumable from tree
availability and correlations. In Debrecen, preferred tree species availability is lower, such
as Collared Dove density in comparison to Jozsa, where a greater amount of preferred tree
individuals are available, letting the doves nest more freely. In addition, the lack of nest
predator presence could increase hatching success (Figure 5).

Habitat preference

From the values in Table 1, it can be assumed that Eurasian Collared Doves prefer various
urban parks, suburban habitats and flats closer to the city limits in Debrecen. The abun-
dant food provided by the Debrecen Zoo also showed higher preference values, however,
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it was the second most preferred habitat by the hooded crows. The habitat preference of
the Wood Pigeon was outstanding in the examined habitats in Debrecen, in the habitats
with higher wood cover, the closed, downtown area was the least preferred by the exam-
ined individuals. Hooded Crow preferred habitats sparsely overgrown with trees in the
northern part of the city.

In Jozsa, due to the continuous and abundant food base and the avoidance behaviour of
Hooded Crows, the HPI value of the Eurasian Collared Doves showed multiple overuse.
The good positioning of the settlement and the large proportion of the surrounding agri-
cultural areas are able to serve the food needs of the species. Where the surrounding area
was less favourable, the species preference index was lower. The known nesting sites of the
Wood Pigeon in the open area, e.g. the gallery forests, are underrepresented in these sample
areas, so they are characterized by lower, but more balanced, preference values due to sol-
itary nesting.

Table 1. Summary of HPI values on research sites
1. tdbldzat A vizsgalt fajok HPI értékei a mintaterlleteken

Habitat Preference Index (HPI)
No. City /Habitat type Eurasian Wood | Hooded
Collared Dove | Pigeon Crow
Debrecen
1 | Campus of the institution 0.490 0.512 0.445
2 | Nagyerdé - Closed forest area 0.068 1.301 0.191
3 | Debrecen Zoo - park area 1.118 1.118 0.266
4 | Rural area with gallery forest 0.142 1.208 0.079
5 | Flats in city centre 0.343 0.098 0.053
6 | Downtown park and its environment 2.833 1.594 0.161
7 | City park — with direct connection to residentials 3.606 0.314 0.044
8 |Flatsin rural area 6.326 1.265 0.088
9 |Industrial area 0.435 0.338 0.020
10 | Residential area 1.954 0.781 0.087
Jozsa
11 |Residential area - linked with agricultural land 2.091 0.061 0.014
12 | Residential area - linked with agricultural land 4124 0.313 0.000
13 |Residential area - central area 3.901 0.246 0.009
14 | Residential area - linked with agricultural land 3.116 0.292 0.015
15 | Residential area - linked with grasslands 1.777 0.211 0.000
16 | Residential area - linked with closed forest area 2.032 0.296 0.000
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Discussion

Changes in bird communities of Debrecen

During our research, we found that the Table2.  Comparison of former researches of Eura-
spatial distribution Eurasian Collared sian Collared Dove population in Debrecen

Doves population of Debrecen has
changed from highly-altered habitats to
residential areas in comparison to for-

with recent data

2. tdbldzat A korabban Debrecen balkani gerle éllo-

manyat vizsgald kutatdsok és a jelenlegi
adatok 6sszehasonlitasa

merly published data (7Table 2).
Columbidae and Corvidae are com-

mon species that are easy to identify

and monitor, so they are an easy exam- 1980

Year Habitat type pairs/10ha

City center 94.50

- Flats 35.50
ple to track down the changes in urban —
habitats and the response of urban bird Residential area 13.70
communities. In our case, the expan- City center 27.00
sive forthcoming of Hooded Crows in 1982 Flats 28.00
urban environment (K6vér et al. 2015) —
. Residential area 16.50
and the decreasing of food sources,
such as the bankrupt of mills in the city City center 29.00

led to the decrease of Eurasian Collared 1983 Flats 21.00
Doves. Debrecen’s biggest mill facili-

. Residential area 13.30
ty was destroyed by retreating German
soldiers in 1944 (Sziics 1978). Though, City center 3745
the mill was closed, its grain storage Flats 454
: : : _ | 2016-2020 (mean)
was operational until 1998. This stoF Residential area 25,82
age was open on top to subserve venti-
Jézsa 37.72

lation, so a stable food source was giv-
en to granivorous birds in the city. For
further city developments, it has to be taken into consideration that the size of the urbanized
area is a key factor to improve ecosystem health and human interactions with nature (Garaf-
fa et al. 2009), so the high proportion of green areas in the city is necessary to maintain the
diversity of urban bird communities.

The importance of tree availability

In our research, we found that the density of Eurasian Collared Doves can be linked to the
availability of coniferous trees. In North America, Mourning Doves (Zenaida macroura) pre-
fer red pine (Pinus resinosa) and Norway spruce (Picea abies), and habitat types such as the
conifer and medium shrub categories, however, white pine (Pinus strobus) and Scotch pine
(Pinus sylvestris) were not used (Caldwell 1964). As a result, we assume that in elevated levels
of predator abundance, so was in Debrecen, doves seek the hideouts provided by coniferous
trees. Moreover, if no threat is visible, doves nest freely without any selection for tree species.
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In Scotland, Hooded Crows prefer higher coniferous trees afar from human presence
(Mclvor & Healy 2017), meanwhile in Italy Carrion Crows (Corvus corone) — the close rel-
ative of Hooded Crow — prefer open trees as nesting sites (Vignoli et al. 2013). It is not un-
common that dove species also prefer pine tree species as nesting sites. Taking this data in-
to consideration, since Hooded Crows seem to be more sensitive to human disturbance, they
avoid the area of Jozsa, resulting a relaxed environment.

There are factors that were not recorded during this study like the availability of food
and water sources, noise and light pollution, level of human presence. These can also
modify the overall environmental conditions. The village-like structure of Jozsa has ad-
vantageous conditions like animal breeding, high-percentage of agricultural lands in the
neighbouring areas, or the lower level of human presence. Habitat preference values ap-
proved that this area plays a prominent role in local dove populations. Meanwhile in ‘clas-
sic’ urban circumstances, doves prefer areas that have a stable food source, and low pres-
ence of predators. Wood Pigeons seem to prefer areas with similar tree structure that is
presented outside the city.

Does overurbanization degrade bird communities?

In South-eastern Mexico, a study showed that the status of bird communities varies along
land-uses, as a representative of urbanization gradient. Only a few generalist species were
present in areas with commercial components and evenness was higher in green areas. As
urbanization increased bird abundances increased with lower species richness. These de-
scriptive values were also sensible to site-specific habitat characteristics (Ortega-Alvarez &
MacGregor-Fors 2009).

We concluded that urban planning can also promote avifauna abundance in the city centre
by varying the heights of buildings in urban renewal projects rather than clustering build-
ings of similar height, or by focusing on the spatial configuration of green spaces (especial-
ly their proximity) rather than their area.

In Italy a large-scale sampling was carried out on an urban gradient, where Eurasian
Collared Doves showed no connection to the specified habitat types during nest site selec-
tion. This result ensures that nesting is connected to tree species rather than urban habi-
tat types (Vignoli et al. 2013). In our research, doves showed higher preference values to
suburban and residential areas. The multiple overuse of J6zsa can be related to the high
proportion of agricultural lands that provides a huge amount of food. In the city centre,
the lack of food results lower population levels, which can clarify the changes between
urban habitat types.

A research carried out in Belarus showed that Wood Pigeons prefer deciduous trees over
coniferous (Sakhvon & Kovér 2020), so the further urbanization processes are expected in
Hungary and all over Europe to the northern taiga as a spread limit.

However, coniferous tree density and average tree height do affect the structure of urban
bird communities. The landscape changing effects of urbanization is a quite fresh phenom-
enon, not all of its relationships are explored. In this study, we could set up a line of habi-
tat preference of prey and predator species with a special focus on coniferous tree species.
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Our results show that there is no overlap in coniferous tree preferences along these three
species. Columbidae seek more cover to hide their nest, but Hooded Crows stand alone as
predators in cities, so the density of shrubs affects them less. But changes in habitats, such
as monodominance of a single tree in urban environment can cause an unexpected tension,
so these species can become competitors on nesting trees.
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