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Introduction1

The ecological niche has been a key concept in ecology for many decades, and measuring2

it has a history of almost 100 years (Pocheville, 2015). Early focus was mainly on abi-3

otic needs of a species (Grinellian niche; Grinnell, 1917) or its role within the food web4

(Eltonian niche; Elton, 1927; Mittelbach & McGill, 2019). In his "concluding remarks",5

Hutchinson (1957) revolutionized the ecological niche concept by describing the niche of6

a species as an n-dimensional hypervolume, where every dimension represents a mea-7

surable trait of the species. This led to a large body of research using this definition to8

measure and compare the niche overlap of species from the same ecological guild (e.g.,9

May, 1974; Pianka, 1974; Schoener, 1989) because coexistence theory predicted that the10

more competitive species would exclude other species with a too similar niche from a11

community (competitive exclusion principle, Hardin, 1960; Levin, 1970). Despite the12

later realization that species coexistence often cannot be explained just by the strength13

of competition without considering other effects like predation or variable environments14

(reviewed in Mittelbach & McGill, 2019), comparing ecological niches still provides im-15

portant insights into the ecological similarities between species (Krüger, 2002a; Chase &16

Leibold, 2003; Broennimann et al., 2012) or into the ability of species to adapt to new or17

changing environments (Holt, 2009). Larger niche overlaps also reduce the probability18

for stable species coexistence in competition-based consumer-resource models (Ches-19

son, 2000; Mittelbach & McGill, 2019). One example for the use of niche overlap is20

the prediction of the spread of invasive neobiota based on their ecological preferences21

matched to the environmental conditions in the area compared to their region of ori-22

gin (Broennimann et al., 2012). Understanding why some species are able to increase23

their geographical range or their population size in a certain area whereas others are de-24

2



Alike but still different

creasing is becoming a key knowledge, especially since human-induced change is rapidly25

accelerating (Sippel et al., 2020; Cowie et al., 2022). However, these research develop-26

ments are not only crucial regarding the spread of neobiota, but also for native species27

reoccupying areas where they went extinct during the last centuries. For example, eagle28

owls (Chakarov & Krüger, 2010) and wolves (Ripple et al., 2014) were able to colonize29

formerly abandoned areas and have profound impact on the community structure, partly30

via intraguild predation on smaller predators (Mueller et al., 2016; Beschta & Ripple,31

2016). This clear hierarchical dominance of top predators may allow them to establish32

themselves in an already dense community, but for less dominant predators, it can be33

more difficult to spread into these areas as they are not only facing competition with34

other mesopredators, but also suffer from mesopredator suppression by top predators35

(Ritchie & Johnson, 2009). For a species to successfully invade a community and coexist36

with their competitors, theory predicts that intraspecific competition within the estab-37

lished species has to be higher than interspecific competition between the established38

and the invading species (invasibility criteria, Chesson, 2000) and research on competing39

pairs of plant species has found empirical evidence for this (Adler et al., 2018). Hence,40

reducing niche overlap is one possibility to reduce interspecific competition and increase41

the likelihood of coexistence (Mittelbach & McGill, 2019). When mesopredators start42

to colonize areas already populated by other species of their ecological guild, another43

possible strategy to reduce niche overlap can be changes in behaviour, like different44

activity times or occupation of distinct habitats compared with competitors (Dayan &45

Simberloff, 2005).46

In general, analyses of these patterns often just focused on the interaction of two competi-47

tors, although ecological competitive networks usually consist of more than two species48

(Levine et al., 2017). Rarely, a whole guild of a community was used to assess the49
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competitive interactions between species (Levine et al., 2017) and most of this work was50

done on a theoretical rather than an empirical level (e.g., Barabás et al., 2016). Even51

when more than two species’ niches were analysed, these comparisons were done by pair-52

wise comparisons without considering combined competitive effects from the guild (e.g.,53

Korpimäki, 1986). Furthermore, many methods on niche overlap often suffer from po-54

tentially weak statistical inference because they assume normally distributed data (e.g.,55

Schoener, 1989). We use the recently published method of Langthaler et al. (2024) to56

estimate niche overlaps of n-dimensional hypervolumes for more than two species simul-57

taneously, while providing inference to discriminate between similar and distinct niche58

spaces using confidence intervals. This method is fully non-parametric and thus robust59

against heavily skewed datasets and differences in sample size, which is very common in60

ecological data (Langthaler et al., 2024). In our long-term study area, red kites (Mil-61

vus milvus) were only present with one or two breeding pairs for about 20 years but62

started to increase steeply since 2012 (Figure 1). However, the area is already densely63

populated by common buzzards (Buteo buteo, Figure 2), northern goshawks (Accipiter64

gentilis , Figure 1) and Eurasian eagle owls (Bubo bubo, Figure 1). These documented65

breeding pair densities are among the highest ever reported in the literature for common66

buzzards and eagle owls and high for northern goshawks (Gladow et al., 2024).67

The red kite is a bird of prey species occurring only in Europe with regionally very68

different population densities and trends, being present or increasing in some and being69

absent or decreasing in other areas (Heuck et al., 2013; Mebs & Schmidt, 2014). More70

than half of its population breeds in Central Europe which makes it an important subject71

for conservation measures (Katzenberger et al., 2021). In contrast to the aforementioned72

species, red kites are usually considered to be inferior in direct dominance-based inter-73

actions with other members from their guild, e.g. when defending a nest site against in-74
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terspecific competitors (Dobler, 1990). Although the red kite has a quite large wingspan75

of up to 1.7 m, it is a light-weight and comparatively slender bird of prey (Mebs &76

Schmidt, 2014). Furthermore, this species is known for being less aggressive and young77

red kites, instead of defending themselves, fall into a state called "akinesis" and play78

dead when they are threatened (Mebs & Schmidt, 2014). Regarding their breeding habi-79

tat, it is known that red kites prefer open landscapes with fields and meadows for their80

long and far-reaching hunts (Aebischer & Scherler, 2023). However, it is not known if81

these preferences can persist while spreading into an area densely populated by other82

birds of prey, where other species, especially common buzzards, occupy the majority of83

possible breeding territories. Although these species’ distributions overlap largely in the84

Western Palaearctic (Mebs & Schmidt, 2014) and research on common buzzards and red85

kites has been done extensively in this biogeographic region (Walls & Kenward, 2020;86

Aebischer & Scherler, 2023), studies comparing their ecological preferences directly, es-87

pecially for breeding sites, are usually descriptive in nature and do not deal with the88

questions of coexistence or competitive exclusion (e.g., Trillmich, 1969; Stubbe, 1982).89

This is even more surprising because red kites and buzzards do occur in very similar90

habitats (Walls & Kenward, 2020; Aebischer & Scherler, 2023). The situation for com-91

parisons of buzzards or red kites with other members of their guild, like goshawks or92

eagle owls, are similar (but see Dobler, 1990; Chakarov & Krüger, 2010; Mueller et al.,93

2016). In this study, we use an extensive dataset with breeding attempts of red kites,94

buzzards, goshawks and eagle owls sampled for more than two decades. We compare the95

breeding niche of each species with the combined breeding niche of the other species to96

investigate similarities and differences between the species’ breeding niches and from the97

overall community. Additionally, we do pairwise comparisons of the breeding niches of98

the competitors with the presumably most similar breeding niches; that is, red kites with99
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buzzards and goshawks with eagle owls (Chakarov & Krüger, 2010; Mebs & Schmidt,100

2014). This aims to provide possible explanations for the increasing number of breed-101

ing pairs of red kites within this area and the other species’ breeding pair dynamics.102

We expect differences between the breeding niche preferences not in all, but in some103

of the measured traits, as stable coexistence does not necessarily need differences in all104

dimensions of competition (Mittelbach & McGill, 2019).105

Methods106

Study area107

The study area is located west of the city of Bielefeld in North Rhine-Westphalia and108

Lower Saxony, Germany (52.06 N and 8.30 E). It measures 300 km² in size and includes109

three different natural regions: the largest part in the north consists of a hilly terrain with110

mostly rural landscape and small to medium sized deciduous forests (mainly European111

beech Fagus sylvatica); the Teutoburg Forest in the center is a low mountain range with112

larger forested areas containing predominantly beech as well as European spruce (Picea113

abies); the south is similar to the north, although its dominating tree species is Scots114

pine (Pinus sylvestris) growing on sandy soils. Research on raptors has been done in115

this study area since 1975, with the main focus on common buzzards since 1989 (Krüger116

& Lindström, 2001). Additionally, northern goshawks, red kites and Eurasian eagle owls117

as well as their interactions have been studied there (e.g., Krüger, 2002a; Mueller et al.,118

2016).119

6



Alike but still different

Population dynamics of the four raptor species120

Since 1989, all breeding attempts of common buzzards, northern goshawks and red kites121

are being mapped for the whole study area (see Krüger & Lindström, 2001). Since 1996,122

eagle owl breeding attempts are being mapped as well. There is knowledge of only one123

eagle owl pair breeding in this area in the preceding years. Breeding pair density of the124

four species were compiled to compare their population trends and densities. During125

the last 12 years, all four species showed some interesting changes in their breeding126

population trends. Red kites had been almost absent from the area until then, but127

started to increase rapidly from year to year up to 16 breeding pairs in 2024 (Figure128

1).129

The common buzzard population has increased more than eightfold between 1989 and130

2024 from around 12 breeding pairs per 100 km² to over 100 breeding pairs per 100131

km², but started to fluctuate a lot since the beginning of the 2010s (Figure 2). Equally132

impressive has been the re-colonization of the study area by eagle owls, from 1 breeding133

pair per 100 km² to a maximum of over 9 breeding pairs per 100 km², with most of134

the new territories appearing from 2010 onwards (Figure 1). In slight contrast, the135

population dynamics of the goshawk show a stable population size with between 5 and136

7 breeding pairs per 100 km², but decreased fast after a high level in 2012 (Figure 1).137

The densities of common buzzards and eagle owls are among the highest ever reported,138

and for goshawks above average for central Europe (Mebs & Schmidt, 2014).139

7



Alike but still different

0

10

20

30

1990 2000 2010 2020
Year

N
um

be
r 

of
 B

re
ed

in
g 

P
ai

rs

Species

Eagle Owl

Goshawk

Red Kite

Figure 1: Population dynamics of eagle owls, goshawks, and red kites depicted by the
number of breeding attempts in our study area since 1989. From 2012 onwards
(black line), eagle owl and red kite breeding pair density increased whereas
goshawk breeding pair density decreased.

Data collection140

We decided to take the apparent change in population dynamics in our research area as a141

threshold for our analysis. Hence, we used all breeding attempts of the four species since142

2012 (until 2023) to compare their habitat preferences. We considered each breeding143

attempt to be independent, even if there had been another attempt at the same site144

in previous years. We did so because of several reasons. First, breeding pairs have to145

make a new decision where to breed every year again. Even if the same individuals146
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Figure 2: Population dynamics of common buzzards depicted by the number of breeding
attempts in our study area since 1989. Buzzards increased a lot in breeding
pair density, reaching above 200 breeding pairs first in 2012 (black line) and
stayed above 200 breeding pairs with only one exception (2013).

bred at the same location as the year before, they did so because they actively chose147

that location over other nesting sites. It is known from many bird of prey species that148

the re-use of nests used in the previous years depends on the breeding success and149

the habitat quality (Mammen & Stubbe, 1996; Krüger & Lindström, 2001). Hence if150

nesting sites were chosen several times for breeding, this reflects the good quality of151

the surrounding habitat. So by using the absolute number of attempts and by that152

including some nest surroundings several times, we accounted for the territory quality153

(Junker et al., 2016). We used the geographic information system QGIS (version 3.22)154
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to collect habitat properties for all breeding attempts. The collected variables were155

divided into three categories: amount of habitat type within a 1.5 km radius around the156

breeding site, shortest distance from the nest to that habitat type and nearest neighbour157

distance (NND) to other intra- and interspecific breeding attempts. The habitat types158

chosen were arable land (including meadows), forest, and settlement area. We chose159

these variables because 1) our study site is dominated by them, whereas other habitat160

types (like larger water bodies or marshland) are almost non-existent. The habitat161

type "forest" was not used in the shortest distance analysis because all four species’162

breeding attempts were located within forests; furthermore, distance to arable land163

almost always corresponded to the distance to the forest edge. NND to other breeding164

pairs of the same or of other species was collected to investigate if some species were165

breeding especially close or far away from other species, hinting at niche partitioning166

or territoriality. Additionally, it could be used to control if distances between breeding167

attempts were just sorted by habitat preferences or if a particular species was avoided168

more than expected by that. A radius of 1.5 km around the nests was chosen because it169

describes the 50 per cent home range of red kites (Pfeiffer & Meyburg, 2015) and eagle170

owls have been shown to impact intraguild prey within this radius around their nest the171

most (Sergio et al., 2003).172

Statistical analysis173

Analyses were done in R (R Core Team, 2024) using the packages DynRB, ggplot2,174

gridExtra, tidyverse, and gtable (Junker et al., 2016; Wickham, 2016; Auguie & Antonov,175

2017; Wickham & RStudio, 2023; Wickham et al., 2024). We used the method developed176

by Langthaler et al. (2024), which is not yet integrated in an R package. In general,177
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this method calculates an overlap for the different niche spaces of several species at178

the same time (see Langthaler et al., 2024). For each niche dimension (e.g., breeding179

distance to settlements), the niche distribution of one species is compared with a ref-180

erence distribution calculated from the combined niche space of the other considered181

species. In ecological communities, species seldom compete with just one other species182

but several, hence analysing this combined competitive impact displays the situation in183

a multi-species guild more adequately (Mittelbach & McGill, 2019). However, to get a184

more detailed view on the interactions of red kites with buzzards and of goshawks with185

eagle owls, we additionally did pairwise comparisons of the red kite’s and the buzzard’s186

niche as well as the goshawk’s and eagle owl’s niche using the method from Parkinson187

et al. (2018) implemented in the DynRB package (function ranks_OV, Junker et al.,188

2016).189

Results190

Descriptive analysis191

From the 12 years from 2012 to 2023, 2881 breeding attempts of buzzards, 246 of192

goshawks, 208 of eagle owls and 104 of red kites were used for the analysis. Inside193

the radius of 1.5 km around red kite nests, arable land had a median (+IQR) share of194

537.8+78.4 ha, forest of 85.9+37.5 ha, and settlement of 69.7+44.7 ha. For buzzards,195

arable land covered 502.7+159.0 ha, forest 88.7+75.9 ha, and settlement 85.4+64.7 ha.196

Goshawks had on average 465.9+222.0 ha of arable land, 105.5+154.8 ha of forest, and197
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Figure 3: Boxplots depicting the niche spaces of buzzards, red kites, goshawks, and eagle
owls for each measured dimension.

77.3+49.7 ha of settlement. The surroundings of eagle owl nests consisted of 301.7+210.7198

ha arable land, 221.3+141.4 ha forest, and 111.5+68.2 ha settlement (Figure 3).199

Red kites were breeding on average 23.5+31.7 m far from arable land and 113.0+88.0200

m from settlements. The median distance of buzzards to arable land was 24.4+33.5 m201

and to settlements 121.3+100.3 m. For goshawks, the next arable land was on average202

72.1+86.7 m away and the next settlement 185.8+118.1 m. Eagle owls had their nesting203

site 99.7+94.1 m distant from arable land and 157.9+135.5 m from settlements (Figure204

3).205
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Regarding the NND, the median distances of red kites towards other breeding attempts206

were 2703.5+2941.5 m to other red kites, 292.2+327.6 m to buzzards, 1456.0+1181.3 m207

to goshawks, and 2507.8+2238.2 m to eagle owls. Buzzards bred on average 556.7+322.1208

m distant to other buzzards, 2531.8+2302.3 m to red kites, 1512.9+1189.0 m to goshawks,209

and 2334.8+2396.8 m to eagle owls. The median distances for goshawks were 2406.7+1053.4210

m to conspecifics, 2816.6+3770.3 m to red kites, 315.4+316.1 m to buzzards, and211

2519.9+2592.2 m to eagle owls. For eagle owls, the closest breeding conspecific was212

usually 1654.3+1516.9 m far away, the closest red kite 3717.1+3491.7 m, the closest213

buzzard 506.1+448.5 m, and the closest goshawk 1741.5+1488.7 m (Figure 3).214

Niche overlap of all four species215

Red kites had differences in breeding niche preferences in only four out of nine dimen-216

sions. They had very narrow niches and low amounts of forest and settlement areas and217

were breeding most closely to open fields (Figure 4). Compared with the other species,218

red kites were breeding closer to buzzards, which aligns with similarities between red219

kites and buzzards for the dimensions without niche differences.220

In seven out of nine dimensions, buzzards had a niche overlap slightly smaller than221

0.5, indicating differences in niche preferences compared to the community (Figure 4).222

Although these differences were not particularly pronounced, buzzards seemed to be able223

to retain a specific niche compared with the other species despite their high abundance.224

This niche contained relatively large amount of field area in close proximity, less wooded225

areas and relatively close to settlements (Figures 3 and 4). They bred further away226

from other buzzards than the other species did, highlighting intraspecific territoriality227

and probably competition; on the other hand, buzzards were not repelled from breeding228
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Figure 4: Niche overlap values ± confidence intervals of buzzards, red kites, goshawks,
and eagle owls for each measured dimension. A shift to the left indicates a
different niche space for the respective species from the rest of the community.
A shift to the right indicates a large overlap with the rest of the community,
often enclosing the other species’ niche spaces.

relatively close to goshawks and to red kites as well, compared with the other species229

(Figure 3).230

Goshawks had five dimensions with different niche preferences: a very narrow niche231

with few urban areas; a large distance to open fields and to settlements; a low NND to232

buzzards; and a high NND to other goshawks (Figures 3 and 4). Additionally, goshawks233

had a very wide niche space regarding the amount of forest area and the NNDs to eagle234

owls and to red kites, enclosing most of the niche space occupied by the other species235
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(Figure 3). This is shown by goshawks having a niche overlap value larger than 0.5 for236

the respective dimensions (Figure 4).237

Eagle owls were breeding at sites with the least amount of field area compared with238

the other species and also relatively far away from open fields; in contrast, they had239

their nests significantly closer to other eagle owls than buzzards, red kites and goshawks240

(Figures 3 and 4). The overall similar pattern of all three diurnal birds of prey to avoid241

close proximity to eagle owls might hint on the latter’s strong predatory pressure and/or242

high competitiveness (Figure 3). For the NNDs to buzzards and to goshawks, eagle owls243

had a wider niche space enclosing most of the other species’ niche (Figure 4).244

Pairwise niche overlap between red kites and common buzzards245

As shown in the multiple species overlap analysis, red kites showed relatively few distinct246

preferences from the other species, thus the overall comparison indicated a high level of247

competition for red kites within this community. The most similar pattern seemed to be248

with the common buzzard, which is also the most abundant competitor (Figures 2 and249

3). Because of that, we decided to have a closer look how red kites were able to increase250

in breeding pairs even with this high level of competition and analysed the pairwise niche251

overlap of red kites and common buzzards. We found that buzzards differed significantly252

from red kites in the amount of forest and settlement areas and in NND to goshawks,253

mostly because of a broader niche space compared with red kites (Table 1). Red kites,254

on the other hand, had almost always a big overlap with the buzzards’ niche, and with255

respect to the amount of forest area, were even completely enclosed by it (Table 1). For256

the NND to buzzards, both species had significantly different niche spaces from each257

other (Table 1). Red kites were breeding consistently closer to buzzards than buzzards258
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Table 1: Niche overlap of buzzards and red kites for all measured dimensions separately
and for the n-dimensional hypervolume. If the species’ overlap value ± confi-
dence intervals is smaller than 0.5, its niche differs significantly from the other
species. If the overlap value ± confidence intervals is bigger than 0.5, its niche
is completely enclosed by the other species’ niche. The symmetrical overlap
shows the overall similarity for both species’ niches. The n-dimensional overlap
does not provide CIs. Dist. = Distance; NND = Nearest Neighbour Distance.

Common Buzzard Red Kite

Dimension Overlap lower CI upper CI Overlap lower CI upper CI Sym. Overlap

Field Area 0.482 0.440 0.524 0.469 0.427 0.511 0.904
Forest Area 0.390 0.354 0.427 0.604 0.568 0.640 0.942
Settlement Area 0.450 0.422 0.479 0.525 0.497 0.553 0.945
Field Dist. 0.482 0.442 0.523 0.517 0.477 0.557 0.997
Settlement Dist. 0.489 0.452 0.527 0.509 0.471 0.546 0.996
Buzzard NND 0.372 0.336 0.409 0.282 0.245 0.319 0.420
Eagle Owl NND 0.469 0.432 0.506 0.530 0.492 0.567 0.994
Goshawk NND 0.462 0.425 0.500 0.532 0.495 0.570 0.983
Red Kite NND 0.503 0.465 0.541 0.493 0.455 0.531 0.992
n-dimensional 0.454 - - 0.487 - - 0.884

did towards their conspecifics (Figure 3). This is the most pronounced difference between259

red kites and buzzards for all of the analysed breeding niche dimensions and contrasts260

with their otherwise large overlap in breeding niche. This can also be observed in the261

symmetrical niche overlap calculated from the different species’ overlap values (Table262

1). The n-dimensional niche overlap was high with a value of 0.884 and in almost all of263

the nine dimensions, red kites and buzzards had a symmetric overlap of more than 0.9.264

The only difference was the NND to buzzards, where the symmetric overlap was just265

0.42 (Table 1).266

Pairwise niche overlap between goshawks and eagle owls267

A second pairwise comparison was done for the other duo with mostly similar breeding268

niche preferences, goshawks and eagle owls. However, in contrast to red kites and buz-269
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zards, the population trends of goshawks during the observed time period was rather270

declining whereas eagle owls were increasing. We found that eagle owls differed signif-271

icantly from goshawks in the amount of urban area and distance to buildings as they272

were breeding closer to human settlements and included more of that area around their273

breeding site (Table 2). The goshawk’s breeding niche differed in the amount of field274

area and in the NND to buzzards. Furthermore, for NND to eagle owls, they had a wider275

niche and enclosed the eagle owl’s breeding niche. Thus, both species differed from each276

other in some dimensions, but they never did this for the same dimension because one277

species’ niche was always partially covered by the (wider) niche of the other species278

(Figure 3, Table 2). This can be seen as well in the symmetrical niche overlaps, which279

are on average lower for the different dimensions than for the buzzard-kite comparison280

(between 0.7 and 0.9), and in the n-dimensional overlap (0.820, Table 2). However,281

the symmetrical overlap does not contain a single dimension where goshawks and eagle282

owls differ as much from each other as red kites and buzzards do for NND to buzzards.283

Because of this, competition between goshawks and eagle owls for breeding territories284

might actually be more pronounced than between red kites and buzzards.285

Discussion286

Within a community of raptorial birds, we analysed the amount of breeding niche overlap287

to answer the question how different species with similar habitat preferences are able to288

coexist despite one of the highest bird of prey densities ever reported. We were especially289

interested how red kites, formerly not present as breeding pairs in this area, were able to290

invade and establish themselves in this community. Using a new method for comparison291

of multiple species’ niche overlap, we found differences for each of the four species to292
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Table 2: Niche overlap of eagle owls and goshawks for all measured dimensions sepa-
rately and for the n-dimensional hypervolume. If the species’ overlap value ±
confidence intervals is smaller than 0.5, its niche differs significantly from the
other species. If the overlap value ± confidence intervals is bigger than 0.5,
its niche is completely enclosed by the other species’ niche. The symmetrical
overlap shows the overall similarity for both species’ niches. The n-dimensional
overlap does not provide CIs. Dist. = Distance; NND = Nearest Neighbour
Distance.

Eagle Owl Goshawk

Dimension Overlap lower CI upper CI Overlap lower CI upper CI Sym. Overlap

Field Area 0.495 0.444 0.545 0.416 0.366 0.467 0.824
Forest Area 0.463 0.411 0.514 0.452 0.401 0.504 0.837
Settlement Area 0.352 0.299 0.405 0.535 0.482 0.588 0.753
Field Dist. 0.464 0.408 0.520 0.513 0.457 0.569 0.952
Settlement Dist. 0.407 0.352 0.462 0.549 0.494 0.604 0.894
Buzzard NND 0.412 0.362 0.463 0.446 0.396 0.497 0.735
Eagle Owl NND 0.595 0.543 0.647 0.330 0.278 0.382 0.785
Goshawk NND 0.339 0.285 0.392 0.525 0.471 0.579 0.712
Red Kite NND 0.516 0.461 0.572 0.448 0.393 0.504 0.925
n-dimensional 0.443 - - 0.463 - - 0.820

the rest of their guild in some dimensions, meeting our expectations. These differences293

allow the species to reduce their breeding niche overlap and hence might lower their294

competition for breeding sites. One condition for coexistence of competing species in295

a community proposed by competition theory is that interspecific competition has to296

be lower than intraspecific competition (Chesson, 2000; Mittelbach & McGill, 2019),297

shown by significant differences of niche dimensions. The findings of the multiple niche298

overlap, based on a solid inference method using confidence intervals, then enabled us299

to do a pairwise comparison of the species pairs with the highest overlap (Parkinson300

et al., 2018; Langthaler et al., 2024) to get an even closer look on potential levels of301

competition. Furthermore, we were able to compare the breeding niche preferences of302

four raptorial bird species with very different population dynamics, both locally and303

globally (Mebs & Schmidt, 2014; Scherzinger & Mebs, 2020). These species are often304

18



Alike but still different

investigated separately without much focus on their ecological interactions (e.g., Walls305

& Kenward, 2020; Aebischer & Scherler, 2023). This might be because birds of prey are306

difficult to study in large numbers due to their relative scarcity as big predators (Mebs307

& Schmidt, 2014). This study, however, shows that a comparative analysis of their308

ecology and interactions can contribute to a better understanding of their population309

dynamics.310

Red kites were most similar in their breeding niche to common buzzards, which is also311

the most abundant competitor. However, despite their high abundance, buzzards seemed312

to retain a certain distance to other buzzard breeding pairs whereas red kites did not313

keep the same distance to buzzards. Apparently, red kites breeding close were tolerated314

more than other buzzards. This fits into the framework of higher intra- than interspe-315

cific competition enabling coexistence (Chesson, 2000) because buzzards seem to defend316

a certain area around their nest against competitors from their own species, but not317

against red kites. As "stabilizing niche differences include all factors that cause species318

to limit their own individuals more than they do those of other species" (Levine et al.,319

2017), buzzards limit their own individuals more than red kites by showing a higher ter-320

ritoriality against conspecifics, by that potentially facilitating coexistence. Interspecific321

aggression between buzzards and red kites has also rarely been documented in earlier322

studies, e.g. Trillmich (1969) observed aggression towards red kites only in the direct323

vicinity of the nest. When buzzards are confronted with taxidermic models of con-324

specifics in their territory, they usually show a high level of aggression (Krüger, 2002b;325

Boerner & Krüger, 2009). Models of goshawks (Krüger, 2002b; Gladow et al., 2024), and326

eagle owls (Boerner & Krüger, 2009; Mueller et al., 2016; Gladow et al., 2024) also spark327

highly aggressive responses, also indicating low tolerance. Additional experiments with328

taxidermic models of red kites to check for a lower level of aggression would be desirable;329
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expectations based on the findings in our study should be that similar reactions to red330

kites are rather unlikely. Dobler (1990) also did not find interspecific territoriality in his331

study between red kites and goshawks, hinting on high general tolerance for red kites.332

Since we were doing our analysis in a community where intraguild predation (IGP)333

is also present, a big proportion of the above-mentioned aversion of buzzards against334

goshawks and eagle owls might actually come from defence behaviour against potential335

predators for adult buzzards or their offspring and therefore does not strictly resemble336

a reaction to competition but rather predation or a combination of both (Gladow et al.,337

2024, discussed in more detail below). If the observed interaction patterns between red338

kites and buzzards are stable and generalisable can only be determined by studying the339

same niche dimensions in other regions. As Ousterhout et al. (2019) point out, local340

environmental gradients can influence the strength of intra- and interspecific competi-341

tion. What is valid for our populations might not be the case for other study areas. For342

example, food availability or distribution of suitable habitats could potentially lead to343

buzzards being more tolerant of conspecifics than of red kites, or not tolerant at all if344

the breeding sites are too close (Ousterhout et al., 2019).345

One of our main goals was to shed light on the similarities and differences of the steadily346

increasing number of red kite breeding attempts compared with the other, already347

present species within our study area. The breeding niche of red kites differed in four348

out of nine dimensions (smaller amount of forest area, larger amount of settlement area,349

shorter distance to fields, shorter NND to buzzards) from the overall community. Hence,350

red kites had the least amount of significantly different niche dimensions compared with351

the other three species. In an area as densely populated as ours, it is of course difficult352

to avoid close contact to other breeding pairs, as can be seen by the relatively large353

overlap with the rest of the raptor community. However, for some of the dimensions like354
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distance to fields, red kites show a very narrow niche, expressing a strong preference to355

breed close to the forest edge. This is in accordance with literature, almost always de-356

scribing red kites breeding attempts as being in proximity to open land (Trillmich, 1969;357

Stubbe, 1982; Mebs & Schmidt, 2014; Aebischer & Scherler, 2023). The overall large358

similarity with the buzzards’ breeding niche is likely to explain most of the overlapping359

niche dimensions for red kites; since buzzards make up most of the extant breeding pairs,360

similarities and dissimilarities with buzzards influence the niche overlap values the most361

(Langthaler et al., 2024). However, for the amount of forest area, amount of settlement362

area and distance to fields, differences of red kites from the other species were mainly363

driven by different niche preferences to goshawks and eagle owls. This shows that de-364

spite the large number of buzzard breeding pairs in our sample, the other species also365

influence the niche overlap values.366

Despite their high numbers and widespread distribution throughout the study area,367

buzzard breeding pairs differed in seven out of nine niche dimensions from their com-368

petitors. Most of the differences here as well were driven by differences to goshawks and369

eagle owls. In general, out findings are in accordance with the literature about common370

buzzard breeding sites (Mammen & Stubbe, 1996; Walls & Kenward, 2020). Particu-371

larly interesting, however, are the relative proximity to urbanised areas and the higher372

nearest neighbour distance to other breeding buzzards. Nolte (1969) estimated in his373

study, conducted in a neighbouring area with similar size and landscape, that buzzards374

could breed there with up to 314 breeding pairs - if there would be no human distur-375

bance, including settlements. However, because settlements were completely avoided,376

he only counted around 46 breeding pairs of common buzzards (Nolte, 1969). As the377

breeding pair dynamics in Figure 2 show, we had a similar population size during the378

1990s. In recent years however, the number of pairs increased until it went above 300379
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for the first time in 2023 (Figure 2), matching almost exactly the estimations of Nolte380

(1969). It would be interesting to investigate how much of this population increase can381

be contributed to buzzards starting to breed closer or within human settlements. While382

it is still true that all four species, including buzzards, are mainly breeding away from383

settlements, many buzzards used nests close to or even within urban areas during the384

12 years of this study (Figure 3).385

Whereas buzzards and red kites show a very distinct difference in one niche dimension386

(NND to buzzards), which might allow red kites using very similar habitats as buzzards387

to breed nearby them, goshawks’ and eagle owls’ niches overlap to a large amount for388

all of the measured dimensions and lack any significant difference. This could be an389

explanation for the decline in breeding density in goshawks during the recent years390

(Figure 1). Earlier studies have shown that eagle owls which re-occupy territories in their391

former range often replace goshawks and use almost the same breeding niche (Mueller392

et al., 2016), presumably pushing goshawks into less favourable territories or preventing393

them to breed at all. Competitors with larger body size have in most cases a competitive394

advantage (Anaya-Rojas et al., 2021). Additionally, the intraguild predation pressure395

of eagle owls exerted on goshawks let the owl dominate over the hawk (Chakarov &396

Krüger, 2010; Scherzinger & Mebs, 2020). As can be seen in the breeding niche regarding397

distance to urban areas, goshawks prefer to breed relatively far away of humans; however,398

because big and remote forests get more and more diminished by forestry and spruce399

forests vanish from bark beetle infestation and dryness due to climate change (Marini400

et al., 2017), goshawks cannot evade eagle owls that easily any more.401

As such, the goshawk’s breeding niche shows clear patterns of a "sandwich position"402

between its niche preferences and the competition by eagle owls (Chakarov & Krüger,403
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2010; Mueller et al., 2016). Most of its niche differences come from the comparison with404

buzzards and red kites, whereas high similarity to eagle owls persists. However, for405

goshawks the average distribution within these dimensions tended to be not as different406

from buzzards and red kites as it was for eagle owls (Figure 3). As shown by Chakarov407

& Krüger (2010), eagle owls took over almost the same breeding niche as goshawks used408

to have during their re-establishment, pushing the latter out of their old territories. Our409

analysis supports this by showing a similar preference for both species, but goshawks410

are less "extreme" or specialised in their breeding niche preferences when breeding in411

sympatry with eagle owls. The relatively wide variation for the NND to eagle owls,412

enveloping most of the variation of the other three species, is also in line with comparison413

with this: where it is possible, goshawks try to breed far away from eagle owls, but some414

pairs have to take the risk and breed close to their intraguild predator. Goshawks were415

known to live in general in large distances to human settlements (Mebs & Schmidt,416

2014), partly because of their preference for large forests but also their inconspicuous417

behaviour (Dobler, 1990; Krüger, 2002a). While there are more and more examples for418

goshawks breeding in urban areas (Merling de Chapa et al., 2020), this analysis still419

shows that they are choosing to breed the furthest away from settlements of all four of420

the investigated species. Whereas buzzards already breed in higher numbers close or421

even within larger settlements as discussed above, the goshawks’ less flexible breeding422

ecology prevents that for now, making them more vulnerable to competitive exclusion423

by eagle owls. As the development of the number of breeding pairs for goshawks and424

eagle owls as well as the high breeding niche overlap of both species suggest, the upper425

population limit for birds with this breeding niche inside our study area seems to lie426

around 30 to 40 breeding pairs. How many of these are goshawk or eagle owl pairs is427

probably determined by eagle owl population development (Mueller et al., 2016).428
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Eagle owls have a very broad niche, highlighting plasticity and tolerance of different429

environments (Scherzinger & Mebs, 2020). However, within this broad niche space,430

eagle owls still show preferences, like a small amount of open field area and breeding at431

a relatively large distance to it. They also breed closer to other eagle owls compared432

with the other raptorial birds; since the average distance between eagle owl pairs is433

still higher than 1.5 km, that is possibly not due to a low level of territoriality but a434

clear pattern of all other species trying to avoid predation by eagle owls (Sergio et al.,435

2003; Chakarov & Krüger, 2010; Mueller et al., 2016). This picture becomes especially436

clear when compared with the NND to goshawk breeding pairs: buzzards, red kites and437

eagle owls breed closer to goshawks than other goshawks do; apparently, none of them438

fears predation as much as buzzards, red kites and goshawks fear predation by eagle439

owls. Direct behavioural reactions of buzzards to both eagle owl and goshawk models440

close to buzzard nests appeared to be similar in aggression level (Gladow et al., 2024),441

but regarding nest choice, there seems to be a higher aversion against eagle owls. This442

emphasizes the ecological role of eagle owls as apex predators in these bird communities,443

shaping the spatial distribution of other predators (Lourenço & Rabaça, 2006; Sergio &444

Hiraldo, 2008; Mueller et al., 2016; Scherzinger & Mebs, 2020).445

Until now, there is no clear theoretical or empirical evidence how large the influences of446

predation and competition on species coexistence are in relation to each other, although447

predation is often thought to have a more direct and thus higher impact (Holt & Polis,448

1997; Mittelbach & McGill, 2019). Because of this, the question arises if analysing449

niche overlap to estimate species coexistence makes sense at all in a community of450

raptorial birds with intraguild predation. But as we have an interplay of competition451

and predation in our system, the breeding niche overlap might not only represent the452

level of competition, but also the risk of predation during the breeding season (Chakarov453
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& Krüger, 2010). Since a higher niche overlap in this case means a higher likelihood of454

breeding in similar areas, the species with greater body size is able to exert predatory455

pressure on its competitor or its offspring (Anaya-Rojas et al., 2021). Eagle owls do so on456

all other species present (Mueller et al., 2016; Scherzinger & Mebs, 2020), and goshawks457

are able to prey on buzzards and red kites (Mebs & Schmidt, 2014). However, because458

we show that the breeding niches of eagle owls and goshawks overlap a lot and are very459

distinct from buzzards and red kites, the goshawk might be the one species which is460

suffering substantially more from lethal and especially non-lethal effects of intraguild461

predation than the other birds of prey. Hence calculating niche overlap can help not462

only to estimate the level of competition but also the level of predation, and in this463

case better explain the breeding pair dynamics of goshawks. Furthermore, predation464

clearly does not always trump over competition since Morosinotto et al. (2017) showed465

that intraspecific competition can limit a species more even with intraguild predation466

by the competitor. Nevertheless, more empirical research on the relative importance467

of competition and predation in IGP systems is needed to understand this interplay468

better.469

Using methods to compare the ecological niches of several species within a community470

or just a pair of species have both advantages and disadvantages. Within the ecological471

literature, discussions recently arose whether competition within a community can be472

estimated just by looking at the pairwise species interactions or if higher-order inter-473

actions emerge when more than two species compete with each other (Barabás et al.,474

2016; Levine et al., 2017; Gibbs et al., 2022). Analysing the community or guild as a475

whole provided us with a more complete picture of the interactions between the differ-476

ent species (Levine et al., 2017). However, emerging higher-order interactions can make477

such analyses and the interpretation of results very difficult (Gibbs et al., 2022); but478
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until now, the empirical evidence for such higher-order interactions is scarce (Levine479

et al., 2017). Pairwise comparisons on the other hand allow for an easier analysis, al-480

though conclusions from these results can be misleading if both investigated species are481

influenced by other, not included species (Barabás et al., 2016; Gibbs et al., 2022). We482

therefore opted to do both: first, we looked at the niche overlap between all four species,483

and then took the species pairs which had the highest overlap and hence the great-484

est potential for competitive exclusion to look in detail at their ecological similarities485

(Parkinson et al., 2018; Langthaler et al., 2024). Although the method by Langthaler486

et al. (2024) does not explicitly include higher-order interactions, it provides a way to487

estimate the combined impact of several species on a focal species’ niche, thus it can be488

used to go beyond pairwise interactions. In our study, the pairwise analyses between red489

kites and buzzards as well as goshawks and eagle owls were most informative about the490

dynamics within the populations. This indicates that, at least in this case, higher-order491

interactions do not seem to be very influential.492

One limitation which we have chosen deliberately is the focus on breeding niche pa-493

rameters. We are aware that for a complete coexistence analysis of these four species,494

other factors like competition for food or interactions outside the breeding season are495

important as well (Mebs & Schmidt, 2014; Mittelbach & McGill, 2019). Nevertheless,496

we are confident that the variables chosen by us resemble the most important factors497

for birds of prey choosing nesting sites within this study area and thus enabled us to498

accurately measure their breeding niche (Chakarov & Krüger, 2010; Walls & Kenward,499

2020; Aebischer & Scherler, 2023). The difficulty of analysing different niche dimensions500

(either separately or in combination) is that the relative importance of certain dimen-501

sions for competition is hard to estimate (Hutchinson, 1957; Chase & Leibold, 2003).502

We looked at nine different variables (amount of field, forest, and urban area, distance503

26



Alike but still different

to fields and settlements, NND to all four species) which are most likely important for504

these species to choose a breeding location (Mebs & Schmidt, 2014). Of course, not505

all included factors are equally relevant for each of the considered species; however, the506

level of variation around the population mean seems to show the importance of single507

dimensions for most breeding pairs of a species. For example, buzzards exhibit large508

variation in the amount of field area around the nest but low variation in the distance509

to fields (Figure 3), indicating that open fields that are close by are an important factor510

for choosing a breeding site, but not that these fields have to be necessarily very large.511

Conclusions512

Understanding how species competing for similar resources coexist and influence each513

other has been, and still is, one of the big questions of community ecology (Mittelbach &514

McGill, 2019). By analysing the niche overlap for different dimensions of their breeding515

niche, we could show that four raptorial bird species (red kite, common buzzard, northern516

goshawk and eagle owl) breeding in very high densities overlap a lot but still show key517

differences in their breeding niches. These differences - and where they are missing -518

might help to understand the dynamics of the different breeding pair numbers. Red kites519

and buzzards overlap to a large degree in all measured niche dimensions except NND to520

buzzard breeding pairs. Apparently, buzzards seem to be more territorial against their521

conspecifics than against red kites, meaning intraspecific competition is higher than522

interspecific competition (Chesson, 2000). This might have enabled red kites to increase523

in breeding pair numbers during the last years despite sharing their habitat with so many524

buzzard pairs. Aggression experiments where buzzard pairs are confronted with red kite525

models and compared to the reaction to buzzard models could help to understand these526
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mechanisms better. Goshawks lack such a key difference to eagle owls, being very similar527

in their breeding niche in all measured dimensions. As a consequence, goshawks fail to528

avoid competition and presumably predation by the dominant eagle owl, constraining529

the possibility for stable coexistence.530
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