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Abstract: Knowing the ecological requirements of bird species is essential for their successful con-
servation. We studied the niche characteristics of birds in managed small-sized green spaces in the
urban core areas of southern (Kavala, Greece) and northern Europe (Rovaniemi, Finland), during
the breeding season, based on a set of 16 environmental variables and using Outlying Mean Index,
a multivariate ordination technique. Overall, 26 bird species in Kavala and 15 in Rovaniemi were
recorded in more than 5% of the green spaces and were used in detailed analyses. In both areas, bird
species occupied different niches of varying marginality and breadth, indicating varying responses to
urban environmental conditions. Birds showed high specialization in niche position, with 12 species
in Kavala (46.2%) and six species in Rovaniemi (40.0%) having marginal niches. Niche breadth was
narrower in Rovaniemi than in Kavala. Species in both communities were more strongly associated
either with large green spaces located further away from the city center and having a high vegetation
cover (urban adapters; e.g., Common Chaffinch (Fringilla coelebs), European Greenfinch (Chloris
chloris), Eurasian Blue Tit (Cyanistes caeruleus)) or with green spaces located closer to the city center
and having high gray area cover and anthropogenic disturbance level (urban exploiters; e.g., Western
Jackdaw (Corvus monedula), House Sparrow (Passer domesticus), Eurasian Magpie (Pica pica)). The
eleven species that were common to both study areas similarly used the environmental variables and
had similar niches, indicating that birds respond similarly to urbanization irrespective of latitude.
Sixteen species in Kavala and eleven species in Rovaniemi were identified as conservation priority
species, based on their niche specialization level and conservation status. The management actions
proposed for the conservation of priority species will also benefit other species with similar ecological
requirements and ultimately help maintain diverse bird communities in small-sized green spaces in
urban core areas.

Keywords: generalists; specialists; niche breadth; marginality; urban core areas; small green spaces;
Mediterranean; Fennoscandia

1. Introduction

Hutchinson’s [1] concept of the realized niche refers to the range of environmental con-
ditions in which a species can survive, grow, reproduce and maintain a viable population,
even in the presence of competitors and predators. Hutchinson [1] and Whittaker et al. [2]
defined the ecological niche as an n-dimensional hypervolume (with ‘n’ being the number
of environmental conditions examined) that determines species distribution. According
to niche theory, species can be assigned along a narrow-broad niche continuum, from
specialists that use a narrow range of environmental conditions to generalists that use a
broad range of environmental conditions.

Birds are important components of urban landscapes, promoting ecosystem health [3].
They are also good indicators of the diversity of other animal groups and of habitat
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condition [4,5] because they are conspicuous, easy to quantify and quickly respond to
habitat changes caused by urbanization [6,7]. The maintenance of a diverse bird community
in cities provides important ecosystem services, such as pest control [8], plant pollination [9],
art inspiration [10] and improvement of human well-being by increasing vitality and
happiness and reducing stress and anxiety in urban residents [11,12]. Furthermore, the
importance of urban green spaces has greatly increased during the COVID-19 pandemic.
Birdwatchers from 97 countries reported that they primarily visit local small urban green
spaces due to strict lockdown regulations [13]. However, birds face novel conditions in
cities, mostly due to the destruction and fragmentation of natural habitats, especially
forests, which are replaced by open habitats and impervious surfaces [14]. Moreover,
birds in cities are generally more susceptible to predation, by both natural (e.g., corvids,
hawks) and domestic (e.g., cats, dogs) predators [15,16], and disease due to anthropogenic
pollution (e.g., organic, air, noise [17,18]). Such novel conditions induced by urbanization
act as ecological filters, altering bird species distribution and community composition
along the urbanization gradient [19–23]. Birds that occupy urban habitats are usually either
exploiters—which often utilize human subsidized resources, such as artificial nesting and
feeding sites as well as food waste, and their abundance is usually not dependent on
vegetation—or adapters, which require considerable vegetation for shelter and food and
utilize fewer anthropogenic resources [24,25].

Urban green spaces act as island habitats, hosting diverse and abundant bird commu-
nities [26,27]. In addition, urban areas are locally important for the conservation of birds, as
they host many threatened species because they often occupy biodiversity hotspots [28,29].
As urban birds and their habitats also have great social and educational value, conservation
efforts should increase in areas where people live and work [30]. Knowing the ecological
requirements of bird species and their degree of specialization is essential for setting conser-
vation priorities that would allow for successful conservation management for maintaining
diverse urban bird communities.

Environmental variables might vary and differently affect bird species distribution,
between green spaces located in urban core areas that are usually intensively managed,
small-sized and heavily used by local residents, and green spaces located at the periphery
of cities that are usually less managed, larger in size and less visited by people [31,32].
However, managed, small-sized green spaces in urban core areas have received relatively
little attention, although they host diverse and important bird communities (e.g., [33–37]).
In addition, environmental variables at the local scale are often more important than
regional ones in determining species distribution and community composition in urban
landscapes [38–41]. Such variables include patch level variables (e.g., green space size,
amount of gray, tree, shrub and bare ground cover [6,26,35,42]), matrix level variables
(e.g., distance from the city edge and center, building height [37,43,44]) and disturbance
variables (e.g., anthropogenic noise, pedestrian and car traffic [45–47]).

Earlier studies considered the species richness, diversity and organization of urban
bird communities at various spatial scales (e.g., [7,22,23,48–50]). Measures of niche char-
acteristics have been mostly used to explain why some species adapt to the novel urban
conditions while others do not, generally comparing species’ ecological requirements with
habitat conditions in cities and in natural habitats [51–55]. Studies comparing the niches of
bird species in urban core areas are lacking. We used niche theory concepts to describe,
at the local scale, the structure and niche characteristics of the bird communities in two
similar-sized European cities, Kavala (Greece) in southern Europe and Rovaniemi (Finland)
in northern Europe. We described species niches using niche position, marginality and
breadth. Niche position shows how typical the environmental conditions used by a species
are relative to those that are available in the region [56]. Niche position is measured by
niche marginality: species with marginal niches use atypical or uncommon conditions
within a region and species with non-marginal niches use typical or common conditions
within a region. Niche breadth measures a species’ tolerance to contrasting environmental
conditions. Low species tolerance means use of a limited range of environmental conditions
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(specialist species), while high tolerance means the use of a wide range of environmen-
tal conditions (generalist species). Such measures can be used to identify the degree of
specialization of bird species breeding in urban core areas and as such they could have
important implications for their conservation management. Many studies have found that
niche position is a strong predictor of ecological patterns and proposed that it can be a
better predictor of specialization than niche breadth [53,57–60]).

We measured the abundance of breeding bird species and local environmental vari-
ables to describe the distribution and niche characteristics of urban bird species at managed
small-sized green spaces located in the most urbanized core areas of Kavala and Rovaniemi.
We also set conservation priorities, depending on niche specialization and conservation sta-
tus, and proposed suitable management actions. We predicted that (1) niche characteristics
will differ between different species, (2) environmental variables will varyingly influence
species distribution, allowing for their classification either as adapters or as exploiters, (3)
species with similar niche characteristics will be similarly influenced by environmental
variables in both bird communities irrespective of the latitudinal location and (4) both bird
communities will be important for conservation of priority species.

2. Materials and Methods
2.1. Study Area

The study was carried out in Kavala, Greece (40◦56′ N, 24◦24′ E), located in southern
Europe, and Rovaniemi, Finland (66◦30′ N, 25◦44′ E), located in northern Europe, in their
most urbanized core areas, i.e., the central part of the municipality that is covered by more
than 50% impervious surface area, containing large buildings, primarily stores, offices and
dense residential areas (Figure 1). In these areas, all the green spaces are man-made and
managed and anthropogenic impacts on birds are supposed to be maximal.

The Kavala municipality has 70,501 inhabitants [61], covering approximately 351.35 km2.
Field work was performed in the core urban area of Kavala, were most inhabitants of the
municipality live (56,371 [61]). It covers approximately 8.0 km2 (about 7050 inhabitants/km2)
and is delimited by the sea to the south and by a Turkish Pine (Pinus brutia) dominated
peri-urban forest to the north. Two Turkish Pine-dominated woodlands, the Panagiouda
(17.0 ha) to the west and the Pentakosion (1.3 ha) to the east, are among the most important
green spaces of Kavala. However, the most common green spaces are small square gardens
(<3 ha), which are dispersed throughout the city and are usually partly covered by planted
trees and shrubs, and gray infrastructure such as paved walks, playgrounds, cafés and
restaurants.

Rovaniemi municipality has 63,631 inhabitants [62], covering approximately 8016 km2

(7601 km2 by land). It is located near the Arctic Circle and daylight duration is very high
in summer since the sun does not set between 7 June and 6 July. Forests (61.4%) and
mires with trees (25.1%) cover most of the land. The proportion of urban areas of the
municipality is only about 0.3% of the land area. Most of the inhabitants (50,000; about
4000 inhabitants/km2) of the municipality live in the core city area, where the field work
was performed. Although the forests surrounding the city are pine-dominated (Scots
Pine (Pinus sylvestris)), deciduous trees (e.g., Silver Birch (Betula pendula), Rowan (Sorbus
aucuparia)) are favored in urban park planning.

2.2. Bird Surveys

We selected 19 green spaces from each city, representing all available managed green
spaces in the core areas of both cities, and established one survey station at the center of
each green space. Green spaces and their corresponding survey stations were located at
least 250 m apart to avoid the double counting of individuals. The single-visit fixed-radius
(≤50 m) point count method was employed to assess the abundance and diversity of bird
species [63]. Birds were surveyed very early in the morning, during the period of maximum
bird activity. All surveys were conducted before 1030 h. They were conducted following
the recommendations of Bibby et al. [63], with a 5 min silent period before starting the
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5 min bird surveys. Surveys were conducted during fine weather by the same observer
(E.V. in Kavala, J.J. in Rovaniemi) to avoid introducing an observer effect. Counts were
carried out during the peak breeding season, 9–13 May 2016 in Kavala and 1–15 June 2020
in Rovaniemi.

The use of point counts is appropriate in urban areas due to built-up structures [39,64].
Several studies have validated the efficiency of single-year, single-visit studies [27,39,65]. Species
were assumed to have similar detection probabilities because we kept the sampling radius
relatively small (50 m); sampling points were located in similar habitats and vegetation
cover was relatively low. This assumption is common to studies of urban bird commu-
nities [66–69]. Moreover, van Heezik and Seddon [64] reported that standardized, non-
detectability-based point counts could provide useful information on the structure and
relative abundance of bird communities in urban areas. Therefore, the use of the same
methodology allowed for valid comparisons between the two study areas.

Figure 1. Maps of (a) Rovaniemi, Finland, and (b) Kavala, Greece, showing the location of the survey
stations (n = 19). Scale applies to both maps. Main map: Google Earth; Image Landsat/Copernicus,
Data SIO, NOAA, U.S. Navy, NGA, GEBCO; ©2020 Google, Image©2021 TerraMetrics, Image©2021
Maxar Technologies. Inset map: GinkgoMaps.
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The presence of every individual bird as well as any indication of breeding activity
within the survey station was noted (singing males, territorial behavior, nest construction
or provisioning, occupied nests, etc.). This method is not appropriate for the assessment of
the abundance of raptors, aerial feeders and crepuscular species [63], and therefore such
species were not used in our analyses, with the exception of the Northern House Martin
(Delichon urbica) and the Barn Swallow (Hirundo rustica) in Kavala and the Common Swift
(Apus apus) and the Sand Martin (Riparia riparia) in Rovaniemi. These species are important
features of the urban landscape and were counted only when involved in direct breeding
activities (e.g., entering into the nest hole) within the 50 m survey point radius.

At the European level, species conservation status was taken from [70]. At the national
level, conservation status was taken from the 2019 Red List of Finnish Species [71] and
the Red Data Book of Threatened Animals of Greece [72]. (See species classification in
Table S1.)

2.3. Environmental Variables

Sixteen environmental variables were measured in both cities to test their effect on
bird abundance and diversity (Table S2). Distance of the center of each green space from
the city center and city edge (km), green space size (ha), perimeter (edge) length (km) and
relative edge length, calculated as perimeter divided by area (km/km2), were measured
from aerial maps. Land cover was measured in the field as the percentage of tree, shrub,
bare ground and impervious (gray cover) surface within a radius of 50 m of every survey
station. Tree cover was estimated separately for the coniferous and deciduous trees. Mean
noise levels (dBA) were measured twice at each survey station, in the morning (just before
the initial bird survey started), before daily traffic starts, and at midday, when daily traffic
is at its maximum. Noise measurements were recorded for 5 min during each session
(76 sessions in total), by using a portable noise meter in Kavala (Model Nova 42, Pulsar
InstrumentsTM) and an environmental multimeter in Rovaniemi (MASTECH® MS6300
Environment Multimeter), directed towards the nearest road at the breast height. Car traffic
(number of cars per minute) and pedestrian traffic (number of people per minute) were
also recorded within a radius of 50 m of every survey station during a 5 min period before
the initial bird surveys started. We used the number of floors of the buildings surrounding
each green space as an index of the matrix type. The number of floors was calculated
from the four main compass directions in the field, and the average value was used later
in analyses.

Although Kavala is more densely populated than Rovaniemi, green space size (Kavala,
mean 1.5 ± 3.8 (SD) ha, range 0.1–17.0 ha; Rovaniemi, 1.7 ± 1.9 ha, 0.1–8.5 ha; Mann–
Whitney U-test z = 2.410, p = 0.063 after Bonferroni correction) and matrix type indices
such as distance of green spaces from the city center (Kavala, 1.5 ± 0.9 km, 0.1–3.1 km;
Rovaniemi, 0.9 ± 0.7 km, 0.3–2.6 km; z = −2.015, p = 0.075) and number of floors (Kavala,
2.9 ± 1.6, 1–6; Rovaniemi, 2.6 ± 1.2, 1–4; z = 0.150, p = 0.998) did not significantly differ
between the cities, suggesting that green spaces could be compared.

2.4. Data Analysis

The Outlying Mean Index (hereafter OMI) analysis [73], a two-table ordination tech-
nique, was used to explore the influence of environmental variables on the bird commu-
nities of Kavala and Rovaniemi. The first table included 26 species for the Kavala and
15 species for the Rovaniemi dataset (after excluding species occurring in <5% of all counts;
see Table S1). The second table included the 16 environmental variables measured in both
cities (see Table S2). In contrast to other multivariate methods, OMI analysis gives equal
weight to species-rich and species-poor sites, makes no assumption about the shape of
species response curves to the environmental gradients (linear or unimodal) and its inter-
pretations are robust to multicollinearity among the environmental variables [73]. The OMI
analysis provides an inertia estimate representing the total variance of the environmental
table weighted by the species distribution profile. This variability is decomposed into three
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niche parameters, namely OMI, tolerance and residual tolerance (expressed as percentages
of inertia). OMI measures the marginality of species, or the distance between the average
environmental conditions used by a species and the mean environmental conditions of
the sampling units of the study area. A high marginality indicates that a species is found
under atypical environmental conditions within the study area, whereas a low marginality
indicates that there is no difference between the overall environmental conditions and
those where the species is found. Tolerance is a measure of niche breadth. High tolerance
values indicate that the species is distributed along a variety of environmental conditions
(generalist species), while low values imply that the species is distributed along a more
limited range of environmental conditions (specialist species). Residual tolerance indicates
the variance in species niche not considered. Niche parameters were estimated with the
function niche of the ade4 R package [74]. The statistical significance of the marginality of
each species was tested by a Monte Carlo random permutation test with 10,000 permuta-
tions, applying the Holm correction for multiple testing. Pearson’s correlation coefficients
between the environmental variables and OMI axes were computed with the rcorr function
of the Hmisc R package [75].

We classified species in conservation priority categories depending on niche special-
ization and conservation status. Species that were both specialized and threatened at the
European or national levels were classified as first conservation priority. Species that were
either specialized or threatened at the European or national levels were classified as second
conservation priority.

All statistical analyses were performed in program R 4.0.2 [76].

3. Results
3.1. Niche Analysis for the Breeding Bird Community of Kavala

OMI analysis retained the first two axes, which accounted for 79.83% of the total
inertia (axis 1: 56.34%; axis 2: 23.49%). OMI values varied greatly, ranging from 1.80%
(Northern House Martin) to 87.20% of inertia (Eurasian Tree Sparrow (Passer montanus))
(Table 1, Figure 2a). Analysis showed that 12 of 26 species examined (46.2%) showed
significant deviation from the mean habitat condition, indicating marginal niches. The
remaining 14 species (53.8%) had low OMI index values, indicating non-marginal niches,
typical of the local average urban niche. Moreover, the average marginality of all species,
the criterion optimized by OMI analysis, was significantly different from the mean habitat
condition (p < 0.001). Tolerance values revealed species occupying narrow niches (tolerance
<20% of inertia) and species with broader niches (tolerance >30% of inertia). However,
the generally high residual tolerance, ranging from 22.20% to 81.30% of inertia, indicated
that additional important factors that affect species distribution and resource use should
be considered.

The first OMI axis was significantly positively correlated with tree cover, coniferous
tree cover, green space size and perimeter, and significantly negatively correlated with
morning and midday noise levels, car and pedestrian traffic, gray cover and building
height (Table 2, Figure 2c). The second OMI axis was significantly positively correlated
with gray cover and relative edge length and significantly negatively correlated with car
and pedestrian traffic, green space size and perimeter, tree cover and coniferous tree cover.
A large group of species was positively correlated with the first axis and negatively cor-
related with the second axis, species characteristic of green spaces with higher tree cover
and coniferous tree cover and larger size and perimeter (Figure 2a,c; Common Cuckoo
(Cuculus canorus), European Bee-eater (Merops apiaster), Syrian Woodpecker (Dendrocopos
syriacus), Eurasian Blackbird (Turdus merula), Sardinian Warbler (Sylvia melanocephala), Wil-
low Warbler (Phylloscopus trochilus), Common Nightingale (Luscinia megarhynchos), Great
Tit (Parus major), Eurasian Blue Tit (Cyanistes caeruleus), Eurasian Jay (Garrulus glandarius),
Common Chaffinch (Fringilla coelebs), European Greenfinch (Chloris chloris), European Serin
(Serinus serinus)). The Feral Pigeon (Columba livia), Collared Dove (Streptopelia decaocto),
Northern House Martin, Eurasian Magpie (Pica pica), Western Jackdaw (Corvus monedula),
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Hooded Crow (Corvus cornix), Common Starling (Sturnus vulgaris) and European Goldfinch
(Carduelis carduelis) formed a group of species generally negatively correlated with both
axes, being common in green spaces with high disturbance (noise and traffic load), sur-
rounded by high buildings. The Eurasian Tree Sparrow was the species most positively
correlated with the second axis, preferring edge habitats with generally high gray and bare
ground cover.

Table 1. Niche parameters of the bird species of Kavala and Rovaniemi. Inertia: total variability; OMI: outlying mean index
or marginality (%); T: tolerance index (%), RT: residual tolerance index (%).

Species Name Species Code
Kavala Rovaniemi

Inertia OMI (%) T (%) RT (%) Inertia OMI (%) T (%) RT (%)

Black-headed Gull Chrrid - - - - 12.1 79.0 3.9 17.1
Feral Pigeon Colliv 23.6 37.0 * 36.4 26.6 - - - -

Collared Dove Strdec 15.1 5.3 24.8 69.9 - - - -
Common Cuckoo Cuccan 27.8 41.8 * 31.7 26.6 - - - -

European Bee-eater Merapi 40.1 47.0 * 21.3 31.7 - - - -
Syrian Woodpecker Densyr 32.8 39.5 * 29.1 31.3 - - - -

Northern House
Martin Delurb 16.1 1.8 23.9 74.3 - - - -

Barn Swallow Hirrus 9.6 9.2 9.5 81.3 - - - -
White Wagtail Motalb 10.9 42.7 0.7 56.6 16.8 6.8 10.3 82.9

Eurasian Blackbird Turmer 28.6 39.5 * 33.0 27.5 - - - -
Fieldfare Turpil - - - - 15.5 10.8 22.4 66.8

Sardinian Warbler Sylmel 23.1 29.4 25.4 45.2 - - - -
Willow Warbler Phytro 32.6 45.0 * 30.4 24.7 19.7 15.3 15.8 68.9

Olivaceous Warbler Idupal 14.9 25.1 0.0 74.9 - - - -
Common

Nightingale Lusmeg 19.1 22.6 16.1 61.4 - - - -

Great Tit Parmaj 24.7 11.1 34.9 54.0 17.5 6.6 25.9 67.5
Eurasian Blue Tit Cyacae 32.6 36.2 * 20.6 43.2 23.1 38.0 * 8.0 54.1
Eurasian Magpie Picpic 13.1 58.1 * 5.0 36.9 25.9 64.7 * 4.9 30.5

Eurasian Jay Gargla 34.2 41.7 * 33.5 24.8 - - - -
Western Jackdaw Cormon 17.4 33.1 * 14.4 52.4 19.1 43.5 * 21.9 34.6

Hooded Crow Corcor 15.7 6.0 26.4 67.6 17.3 34.7 * 14.6 50.7
Common Starling Stuvul 13.5 21.7 17.3 61.0 - - - -
House Sparrow Pasdom 14.8 11.2 26.1 62.8 14.6 11.9 16.6 71.5
Eurasian Tree

Sparrow Pasmon 13.8 87.2 * 0.3 12.5 11.9 20.9 11.4 67.7

Common Chaffinch Fricoe 22.3 20.2 * 33.8 46.0 16.2 22.4 * 26.0 51.6
European Goldfinch Carcar 17.3 4.3 15.4 80.3 - - - -
European Greenfinch Carchl 21.2 8.9 34.2 56.9 17.0 42.2 * 14.1 43.6

Redpoll Acafla - - - - 19.5 38.4 17.9 43.6
European Serin Serser 21.7 60.7 17.1 22.2 - - - -
Eurasian Siskin Spispi - - - - 12.4 12.8 4.3 82.9

* Significant OMI values (Monte Carlo random tests with 10,000 permutations; p < 0.05 after Holm correction).
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Figure 2. OMI analysis plots for Kavala (a,c) and Rovaniemi (b,d) datasets. The origin of the plots
represents the mean environmental conditions. Species’ position on the factorial plane reveals
the degree of difference of their ecological niche to the mean environmental conditions and their
correlation with each axis (Kavala, (a); Rovaniemi, (b)). The length of the arrows of environmental
variables reflects their relative importance, and the direction of the arrow indicates correlations
among variables and with each axis (Kavala, c; Rovaniemi, d). Refer to Table 2 for the species codes
and to Table 1 for the environmental variable codes.

3.2. Niche Analysis for the Breeding Bird Community of Rovaniemi

OMI analysis also retained the first two axes, which accounted for 82.67% of the total
inertia (axis 1: 70.57%; axis 2: 12.10%). OMI values highly varied from 6.60% (Great Tit)
to 79.00% of inertia (Black-headed Gull (Chroicocephalus ridibundus)) (Table 1, Figure 2b).
Analysis showed that 6 of 15 species examined (40.0%) showed significant deviation from
the mean habitat condition, indicating marginal niches. The remaining nine species (60.0%)
had low OMI index values, indicating non-marginal niches, typical of the local average
urban niche. In addition, the average marginality of all species, the criterion optimized
by OMI analysis, was significantly different from the mean habitat condition (p < 0.001).
The relatively low tolerance values (3.90–26.00% of inertia) revealed that the 15 species of
the Rovaniemi assemblage occupied relatively narrow niches. The considerable residual
tolerance values (17.10–82.90% of inertia) suggested that there are other factors important
for explaining species distribution and niche breadth.
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Table 2. Pearson’s correlation coefficients of the environmental variables with the first two axes of OMI analysis.

Environmental Variables Code
Kavala Rovaniemi

Axis1 Axis2 Axis1 Axis2

Tree cover (%) TRC 0.538 * −0.799 *** 0.554 * −0.578 **
Shrub cover (%) SHC 0.395 0.362 0.269 0.043

Bare ground cover (%) GRC 0.302 0.393 0.120 0.933 ***
Gray cover (%) GRAY −0.783 *** 0.591 ** −0.754 *** −0.509 *

Deciduous tree cover (%) TRCD −0.437 −0.275 0.252 −0.323
Coniferous tree cover (%) TRCC 0.726 *** −0.510 * 0.349 −0.356

Green space size (ha) SIZE 0.696 *** −0.551 * 0.712 ** 0.069
Green space perimeter (km) EL 0.666 ** −0.590 ** 0.658 ** 0.221

Relative edge length (km/km2) REL −0.369 0.617 ** −0.745 *** −0.538 *
Distance from city edge (km) EDGE 0.045 0.062 0.035 −0.766 ***

Distance from city center (km) DC 0.440 −0.035 0.788 *** −0.011
Building height (floors/building) FL −0.576 ** −0.366 −0.734 *** 0.077

Morning noise level (dBA) N1 −0.872 *** −0.111 −0.688 ** 0.029
Midday noise level (dBA) N2 −0.699 *** −0.417 −0.746 *** −0.246

Car traffic (cars/min) CAR −0.679 *** −0.492 * −0.530 * −0.172
Pedestrian traffic (people/min) PED −0.644 ** −0.593 ** −0.727 *** −0.213

* p < 0.05; ** p < 0.01; *** p < 0.001.

The first OMI axis was significantly positively correlated with tree cover, green space
size and perimeter and distance from the city center, and significantly negatively correlated
with morning and midday noise levels, car and pedestrian traffic, gray cover, relative edge
length and building height (Table 2, Figure 2d). The second OMI axis was significantly
positively correlated with bare ground cover and significantly negatively correlated with
distance from the city edge, tree cover, gray cover and relative edge length. The Fieldfare
(Turdus pilaris), Willow Warbler, Great Tit, Eurasian Blue Tit, Common Chaffinch, European
Greenfinch, Redpoll (Acanthis flammea) and Eurasian Siskin (Spinus spinus) were positively
correlated with the first axis, species characteristic of green spaces with higher tree cover,
larger size and perimeter, and further from the city center (Figure 2b,d). The Eurasian
Magpie, Western Jackdaw, Hooded Crow and House Sparrow (Passer domesticus) were
negatively correlated with the first axis, mostly occupying greenspaces with high noise
levels, traffic load, gray cover, relative edge length and building height. The Eurasian Tree
Sparrow, White Wagtail (Motacilla alba) and, more strongly, the Black-headed Gull were
positively correlated with the second axis, preferring open green spaces.

3.3. Conservation Status and Priority

Six species had an unfavorable conservation status within Europe (Table S1). Three
were recorded in both cities (Willow Warbler, Eurasian Tree Sparrow, House Sparrow),
while the other three were recorded only in Kavala (Northern House Martin, Barn Swallow,
Common Starling). At the national level, five species were threatened in Finland: the
endangered House Sparrow and European Greenfinch, the vulnerable Black-headed Gull
and the near-threatened White Wagtail and Eurasian Magpie. The conservation status of
urban bird species recorded in Kavala has not been evaluated by the Red Data Book of
Threatened Animals of Greece.

In Kavala, one exploiter (Eurasian Tree Sparrow) and one adapter (Willow Warbler)
were the first conservation priority species. In Rovaniemi, one exploiter (Eurasian Magpie)
and one adapter (European Greenfinch) were the first conservation priority species.

Most species in both communities were assigned to second conservation priority status.
In Kavala, seven exploiters (Northern House Martin, Barn Swallow, Common Starling,
House Sparrow, Feral Pigeon, Eurasian Magpie, Western Jackdaw) and seven adapters
(Eurasian Jay, Common Chaffinch, Eurasian Blue Tit, Eurasian Blackbird, Common Cuckoo,
European Bee-eater, Syrian Woodpecker) were the second conservation priority species.
In Rovaniemi, six exploiters (House Sparrow, Eurasian Tree Sparrow, Black-headed Gull,
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White Wagtail, Western Jackdaw, Hooded Crow) and three adapters (Common Chaffinch,
Eurasian Blue Tit, Willow Warbler,) were the second conservation priority species.

4. Discussion
4.1. Niche Specialization and Habitat Conditions

The bird species breeding in Kavala’s and Rovaniemi’s urban core areas occupied
different niches of varying marginality and breadth, indicating varying responses to urban
environmental conditions. Birds in both Kavala and Rovaniemi could be broadly assigned
to either exploiter or adapter status in relation to their response to local environmental
variables [24,25]. The high niche marginality observed in urban bird communities might be
partially explained by the differential use of resources by exploiters (high use of gray and
low of green infrastructure) and adapters (low use of gray and high of green infrastructure)
in the studied urban core areas.

Several species were recorded only in one of the two bird communities. The Collared
Dove, European Bee-eater, Syrian Woodpecker, Sardinian Warbler, Olivaceous Warbler
(Iduna pallida), Common Nightingale, European Goldfinch and European Serin are south-
ernly distributed species that do not breed in Rovaniemi, while species such as the Redpoll
do not breed in Greece, and others breed very rarely, mostly in mountainous areas (Field-
fare and Eurasian Siskin) [77]. The Northern House Martin, Barn Swallow and Feral Pigeon
were abundant in Kavala, while they were not recorded in the study sites of Rovaniemi
despite that they belong in the breeding bird community of the city. Feral Pigeon num-
bers were recently reduced in Rovaniemi, from several hundreds to several dozen due to
viral infection (J. Jokimäki, unpublished data). Martins and swallows are not abundant
in Rovaniemi, as 90% of buildings were destroyed in World War II [78], and modern ar-
chitecture offers few nesting opportunities, especially where balconies are enclosed with
windows in response to cold weather.

Eleven species were common in the urban core areas of Kavala and Rovaniemi, in
both behaving either as exploiters, preferring green spaces with high gray cover, anthro-
pogenic disturbance and further from the city limits (e.g., Western Jackdaw, House Sparrow,
Eurasian Magpie) or as adapters, preferring larger green spaces with high vegetation cover,
further from the city center (e.g., Common Chaffinch, European Greenfinch, Eurasian
Blue Tit). Furthermore, four of the six specialists of Rovaniemi were also specialists in
Kavala. Although Kavala and Rovaniemi are located in different biogeographical areas,
both bird communities showed similar responses to urbanization and especially bird
species common to both communities were making similar use of local environmental
variables and also showed similar niche specialization. These findings agree with findings
from previous studies. Urban adapters seek in cities conditions similar to their natural
habitats, while urban exploiters are able to make use of novel conditions, which tend to
be similar in cities around the world (e.g., nest sites in buildings, food waste), and thus
become abundant [19–22,24,25,49].

4.2. Conservation Management Implications

A considerable number of species were threatened at the European or national levels
or had specialized niches and were therefore assigned to conservation priority status. Other
studies also found that European urban core areas [29] and Australian cities [28] are locally
important for threatened bird species. Threatened species that were observed in Kavala
and Rovaniemi were also recorded in other European cities, more frequently the Eurasian
Tree and House Sparrows, Northern House Martin and Barn Swallow [29]. Our findings
also suggested that birds, even exploiter species, might mainly depend on a limited set of
critical environmental variables in urban core areas. Potential change in the availability
of these environmental variables might render the urban environment inhospitable for
certain species. This process could be illustrated with the example of exploiters abundant
in Kavala, such as the narrow-niche Northern House Martin and Barn Swallow, which
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have severely declined in Rovaniemi due to changes in habitat conditions and were not
recorded during our surveys. Such outcomes emphasize the need for conservation actions.

In both communities, adapters were more abundant in larger green spaces with high
vegetation cover, especially tree cover, and low rates of urbanization and disturbance. Most
conservation priority adapter species nest in trees (Common Chaffinch, European Green-
finch, Eurasian Jay), in holes in trees (Eurasian Blue Tit, Syrian Woodpecker), in shrubs
(Eurasian Blackbird) or in shrubs and on the ground (Willow Warbler). The enlargement
of green spaces and the increase in tree and shrub cover would benefit adapter species.
Particular attention should be given to the retention of mature trees and dense shrubberies.
Both of these elements are often scarce in the urban landscape or removed for aesthetic and
safety reasons. However, they are vital for cavity nesters the former and for birds that nest
in shrubs or on the ground under shrubs the latter. Decreased shrub cover increases nest
visibility and consequently nest losses from both visually searching avian nest predators
(e.g., Eurasian Magpie [79]) and mammalian predators (e.g., Red Fox (Vulpes vulpes), Pine
Marten (Martes foina), free-ranging dogs and cats [16]). These shrub or ground-nesting bird
species were also intolerant of impervious areas and disturbance. Therefore, recreational
activities with their associated infrastructure (e.g., paths, kiosks, playgrounds) should be
kept at a minimum and arranged at the periphery of green spaces.

Urban exploiters, such as the Eurasian Tree and House Sparrows, Feral Pigeon, North-
ern House Martin and Barn Swallow, are closely associated with built areas, taking advan-
tage of the suitable sites for nesting they offer (i.e., windowsills, wall ledges, roof-tops).
However, modern architecture makes buildings unsuitable for nesting for many species [80],
and therefore architects must incorporate suitable nesting sites when designing buildings.
This is especially urgent for Rovaniemi, were the modern architecture has decreased the
nesting possibilities of the House Sparrow, Northern House Martin and Barn Swallow.
The closing of balconies with windows has restricted access of martins and swallows to
build their nests in wall corners of balconies (J. Jokimäki, unpublished data) and the use of
new types of roof tiles with fewer holes or cracks might reduce nest site availability for
sparrows [81]. In addition, secondary cavity-nesting species can be helped by erecting
artificial nest-boxes [32,82,83].

Several other species that are tolerant of human disturbance and able to exploit
anthropogenic food sources use natural substrates to nest, such as trees (Eurasian Magpie,
Hooded Crow) or cavities therein (Common Starling, Western Jackdaw) and riverbanks
(Black-headed Gull). Furthermore, grasslands and lawns are important foraging sites
for species such as the Black-headed Gull and sparrows. These further emphasize the
importance of preserving specific elements of the urban landscape, both natural and
anthropogenic, for the conservation of bird species, even in urban core areas.

5. Conclusions

We analyzed the niche of bird species nesting in the urban core areas of Kavala and
Rovaniemi, based on a set of 16 local environmental variables. This analysis involved
describing niche characteristics and identifying niche specialization and differences and
similarities between the cities. Specialization in niche position was high in both bird
communities, with species generally preferring either larger, more vegetated green spaces
with lower disturbance, or smaller, more built and disturbed green spaces. Species present
in both communities occupied similar niches. This analysis allowed for determining species
of conservation priority, also considering their conservation status at the European and
national levels. Next, we proposed species-specific conservation actions that would allow
for the protection of these species, but also other with similar ecological requirements. In
doing so, we also secure the maintenance of diverse urban bird communities.

Several species that were observed in only one green space were not included in the
analysis, with some of them being threatened at the European or national levels (Common
Swift, Sand Martin, Redwing (Turdus iliacus), Spotted Flycatcher (Muscicapa striata) [70,71]).
These species should be also considered a conservation priority and future research should
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explore their ecological requirements and the possibilities for their survival in urban core
areas. There is a lack of information on the national conservation status of the bird species
observed in Kavala [72]. It is important that threatened species would be classified as
conservation priorities upon availability of such information. Future studies should also
include other local environmental variables that might have important effects on urban
birds, such as nest predation [15,79]), microclimate [31], artificial light at night [84] and
the availability of holes in mature and dead standing trees [85]. In addition, although the
generally small differences in the measured environmental variables between the cities
indicated small differences in ecological conditions that allowed for comparisons, studies
including variables of the wider landscape matrix would give further insights. Our study
did not contain cities from Central Europe, and therefore the study does not represent an
average situation in Europe. For example, some typical Central European parks birds (such
as the Wood Pigeon (Columba palumbus), Eurasian Blackcap (Sylvia atricapilla), Eurasian
Robin (Erithacus rubecula), Common Chiffchaff (Phylloscopus collybita), and Eurasian Wren
(Troglodytes troglodytes) [86–88]) were missing from our samples. We encourage researchers
from Central Europe as well as other continents to perform corresponding urban niche
studies, also by using other groups than birds.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su13116327/s1, Table S1: Common and scientific names, total abundance (sum of individuals
in all survey stations) and incidence (number of stations a species was observed) of the bird species
recorded in more than 5% of the survey stations in the green spaces of Kavala (26 species) and
Rovaniemi (15 species); Table S2: Environmental variables associated with the urban green spaces of
Kavala and Rovaniemi.
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