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Patterns of distribution and change

Overview
EBBA2 presents updated figures for the number of native and non-native 
breeding bird species in Europe (defined as the area included in EBBA2). 
In total, 596 species were recorded breeding in the area and period cov-
ered by this project, including 539 native species and 57 non-native spe-
cies, i.e. introduced species whose native range lies outside of Europe. 
Within the group of native species, 532 species bred regularly and seven 
bred only exceptionally (i.e. not every year) in Europe during the five-
year study period 2013–17. Among the non-natives, 49 bred regular-
ly and 8 exceptionally. A total of 40 breeding bird species are endemic 
to Europe and another 59 can be considered near-endemic (Figure 14). 
In addition to these 596 breeding species, another 14 native and seven 
non-native species were reported whose status during the EBBA2 period 
was uncertain: breeding was not confirmed, or was recorded only excep-
tionally in mixed pairs with other species (see Appendix 1). 

The following sections describe and interpret some of the main 
patterns in the current distribution of breeding birds. We also look at 
changes that have occurred over the last 30 years, and pre sent other gen-
eral results. We hope these findings will encourage future research and 
eventually produce new knowledge on the avifauna breeding in Europe.

Native species
Native species are indigenous (or autochthonous) to a region, meaning 
that their presence there is solely the result of natural processes, with no 
direct human intervention. It can be difficult to define a species as native 
or non-native in a territory as large as Europe, because a given species 
can be native in one part of the area and non-native in another. Exam-
ples are Common Pheasant Phasianus colchicus, which has been widely 
introduced across Europe but has a native population in the Caucasus 
region, and Ruddy Shelduck Tadorna ferruginea, which is non-native 
in central and western Europe and native in southeastern Europe. For 
the purpose of the summary statistics presented in this chapter, species 
introduced to parts of the study area but with a natural range elsewhere 
in Europe were considered native species.

The list of native species contains all species found within the 
boundaries of the study area, including species that are marginal in Eu-
rope, such as Oriental Turtle-dove Streptopelia orientalis, recorded along 
the border between the European and Asian parts of Russia, or White-
eared Bulbul Pycnonotus leucotis, which was found in a single square in 
southeast Turkey, at the very northern tip of its range in South Asia. 

Most native species breed regularly in Europe, but some breed only 
exceptionally. This is the case for a total of seven species with confirmed 
breeding records in EBBA2 (see Appendix 1). An example of such an 
exceptional breeder is Allen’s Gallinule Porphyrio alleni, an Afrotropical 
species confirmed only once, when a pair raised young on Malta in 2014.

Following the European Red List 2015 [ERL] and considering recent 
taxonomic changes, a total of 99 endemic or near-endemic species were 
recorded in EBBA2 (Table 7). This figure is quite low compared to many 
tropical and subtropical regions in the world (Stattersfield et al. 1998), 
but it represents 18% of the total number of native bird species, which is 
fairly high considering that Europe merges with the Asian mainland and 
is also very close to Africa. Many of these endemics (40) and near-en-
demics (59) are restricted to a small number of 50-km squares (Table 
7), often located in islands, peninsulas and mountain massifs. Exam-
ples include Gran Canaria Blue Chaffinch Fringilla polatzeki and Azores 
Bullfinch Pyrrhula murina, both occupying a single square, or Caucasian 
Grouse Lyrurus mlokosiewiczi, found only in the Caucasus Mountains. 
Others, such as Common Woodpigeon Columba palumbus or European 
Greenfinch Chloris chloris, occur in more than 4,100 50-km squares in 
Europe, or roughly 80% of the continent, their native ranges extending 
only slightly to North Africa and western Asia [HBW].

The distribution of European breeding birds ranges from one to 
more than 4,500 50-km squares. The two most widely distributed spe-
cies are White Wagtail Motacilla alba and Carrion Crow Corvus coro-
ne, whose breeding range extends over more than 90% of all 50-km 
squares surveyed in EBBA2, followed by Common Cuckoo Cuculus 
canorus, Barn Swallow Hirundo rustica, Eurasian Magpie Pica pica, 
Great Tit Parus major and Common Raven Corvus corax, recorded in 
more than 85% of squares. However, these are exceptions, and most 
species have quite restricted distributions at the European scale. In-
deed, more than 50% of the species occurred in fewer than 500 squares 
(10% of all surveyed squares). Similar percentages apply when species 
are grouped according to the 23 taxonomic orders of birds breeding in 
Europe, although a few contain quite widespread species (e.g. wood-
peckers, Piciformes), while other groups breed much more locally (e.g. 
petrels and shearwaters, Procellariiformes) (Figure 15). 

Figure 14. A total of 596 species were recorded in EBBA2, 539 native and 57 non-
native species. Regular breeders bred every year in the study period, while exceptional 
breeders did not. Endemic species are those for which 100% of the global breeding 
range or population lies in Europe; for near-endemics this percentage ranges 
between 75% and 99% [ERL].
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The White Wagtail Motacilla alba is one of the most widespread species in Europe. 
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Table 7. List of endemic and near-endemic bird species in Europe according to the European Red List [ERL] and recent taxonomic changes (Handbook of the Birds of the World and 
BirdLife International 2019). Species that are 100% endemic to Europe are shown with an asterisk. The number of squares where the species was recorded is indicated in brackets. 

Species No. of 
squares

Species No. of 
squares

Species No. of 
squares

Species No. of 
squares

Tetraogallus caucasicus* 31 Larus audouinii 94 Acrocephalus paludicola* 50 Ficedula albicollis* 897
Alectoris graeca* 204 Larus argentatus* 1,192 Acrocephalus palustris 2,435 Saxicola rubetra 3,217
Alectoris rufa* 642 Larus armenicus 33 Locustella fl uviatilis 1,832 Saxicola dacotiae* 4
Lyrurus mlokosiewiczi 61 Larus michahellis 810 Phylloscopus orientalis 141 Oenanthe cypriaca* 13
Branta leucopsis* 397 Catharacta skua* 110 Phylloscopus bonelli 540 Regulus madeirensis* 1
Anser brachyrhynchus* 75 Fratercula arctica 162 Phylloscopus sibilatrix 2,584 Regulus ignicapilla 1,451
Columba oenas 2,151 Alca torda 223 Phylloscopus ibericus 190 Prunella modularis 2,601
Columba palumbus 4,152 Otus cyprius* 11 Phylloscopus canariensis* 13 Passer italiae 202
Columba trocaz* 1 Pernis apivorus 2,702 Sylvia atricapilla 3,759 Anthus pratensis 2,150
Columba bollii* 8 Clanga pomarina 832 Sylvia borin 3,260 Anthus petrosus* 303
Columba junoniae* 6 Aquila adalberti* 74 Sylvia melanothorax* 12 Anthus berthelotii* 24
Apus unicolor* 20 Milvus milvus 788 Sylvia cantillans 572 Fringilla teydea* 2
Hydrobates pelagicus 102 Picus viridis 2,016 Sylvia subalpina 67 Fringilla polatzeki* 1
Hydrobates monteiroi* 2 Picus sharpei* 270 Sylvia ruppeli 93 Pyrrhula murina* 1
Pterodroma deserta* 1 Leiopicus medius 1,568 Sylvia sarda* 32 Chloris chloris 4,118
Pterodroma madeira* 1 Falco eleonorae 96 Sylvia balearica* 9 Loxia pytyopsittacus 554
Calonectris diomedea 70 Lanius meridionalis 250 Sylvia undata 482 Loxia scotica* 5
Calonectris borealis* 41 Cyanopica cooki 116 Certhia brachydactyla 1,478 Carduelis citrinella* 149
Puffi  nus puffi  nus 30 Lophophanes cristatus 2,121 Sitta whiteheadi* 5 Carduelis corsicana* 22
Puffi  nus yelkouan 41 Poecile lugubris 394 Sitta krueperi* 163 Serinus serinus 1,986
Puffi  nus mauretanicus* 12 Cyanistes caeruleus 3,791 Sitta neumayer 412 Serinus canaria* 25
Ciconia ciconia 2,042 Lullula arborea 2,610 Turdus torquatus 645 Emberiza cineracea 53
Morus bassanus 47 Hippolais olivetorum 185 Erithacus rubecula 3,964 Emberiza caesia 136
Gulosus aristotelis 419 Hippolais polyglotta 694 Ficedula semitorquata 186 Emberiza cirlus 1,099
Larus melanocephalus* 343 Hippolais icterina 2,241 Ficedula hypoleuca 2,460

Note: � ere is an ongoing debate about whether the European populations of Oceanodroma castro, Puffi  nus lherminieri baroli, Phylloscopus sindianus lorenzii and 
Muscicapa striata tyrrhenica/balearica represent separate species [HBW]; if confi rmed, they would be considered either endemic or near-endemic to Europe as well.

Figure 15. Percentage of species within each taxonomic order recorded in more and fewer than 500 50-km squares in EBBA2. Number of species per order shown in brackets.
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Biogeographic patterns 
in distribution

In the great majority of species, distribution is not uniform but emerg-
es from complex dynamics of natural processes and human activities. 
Current biogeographic patterns result from a combination of historical 
factors and present ecological conditions, with glaciation dynamics as 
one of the most important factors shaping the pattern of species occur-
rence in Europe (Blondel 1998, EBBA1). Biogeographers have classi-
fi ed land masses into several large realms, which are in turn subdivided 
into biogeographic regions. Europe is located in the Palearctic realm, 
and within it several regions have been defi ned. We follow the classifi -
cation of biogeographic regions adopted by the European Environment 
Agency, which is based mostly on patterns of vegetation and habitats 
(EAA 2019a). Th ese regions were initially defi ned only for the territory 
of the European Union, but were later expanded to cover all of Europe 
(Figure 16). Th is approach allowed us to produce a simplifi ed map of 
biogeographic regions suitable for exploring broad patterns of bird spe-
cies occurrence across Europe. 

Biogeographic regions vary in the number of recorded species, but 
relatively few species are restricted to a particular region (Figure 16). 
Th e smallest and most isolated region in the study area is Macaronesia 
and, as classical theories would predict (MacArthur & Wilson 1967), 
only few species have successfully colonised these Atlantic archipel-
agos. However, surface area and isolation do not aff ect the observed 
richness of native bird species in the same manner in other regions. 
Th e Continental, Boreal and Steppe regions are large and quite well 
connected with the rest of Eurasia, but each has fewer species than the 
smaller and patchier Mediterranean and Alpine regions. Indeed, the 
combination of some degree of isolation and climate-habitat gradients 
has probably contributed to the relatively high number of species in 
these two regions. 

Many bird species are adapted to highly seasonal environments, 
partly as a result of their extraordinary capacity to migrate, and extreme 
climatic regions like the Arctic account for a remarkably high number 
of breeding species, despite the severe conditions and short breeding 
season.

Th e Mediterranean, Macaronesian and Arctic regions are located 
at the edges of Europe and are totally or partially composed of more 
or less isolated islands and peninsulas. Th is particular geography has 
certainly favoured evolutionary processes leading to high numbers of 
restricted-range species, i.e. species whose European distribution is re-
stricted to just one biogeographic region (Figure 16, Table 8). However, 
relatively large numbers of restricted-range species are also found in 
the Steppic, Alpine and Anatolian regions, which suggests that other 
environmental features, such as the presence of singular habitats (de s-
erts, steppes or mountains), also play a signifi cant role (Figure 16). No 
restricted-range species were found in the Continental, Boreal, Panno-
nian and Black Sea regions, and only two in the Atlantic, suggesting 
that, from this perspective, these regions form a continuum rather than 
discrete biogeographic units. 

Patterns of species richness present a diff erent picture when ana-
lysed at a more “local” level, i.e. at the level of 50-km squares in the 
context of EBBA2. We restricted the comparison between regions to 
the area west of Russia and Turkey, because uneven intensity of cover-
age in the eastern part of the EBBA2 study area produces a discontinu-
ous pattern in the observed number of species per square (Figure 17A). 
Th erefore, the area used to compare biogeographic regions completely 
excludes the Black Sea and Anatolian regions as well as Macaronesia 
with its small land area per 50-km square (Figure 17B). At the con-
tinental scale, gradients of species richness are relatively continuous 
within the area used for comparison (Figure 17A), suggesting that the 
coverage attained in EBBA2 is suffi  cient to perform robust analyses at 
a regional level. 

Scale is a key issue when analysing species richness. If a region has 
a high species richness overall, it does not mean that species richness 
is high at a local level as well. For example, the Alpine region has the 
highest number of species as a whole (Figure 16), but its local rich-
ness is quite low (Figure 17B). In contrast, the Boreal, Continental and 
Pannonian regions, which do not stand out in terms of overall richness 
(Figure 16), have signifi cantly higher numbers of native breeding birds 
per square than other regions (Figure 17B). 

Th e characteristics of each biogeographic region in terms of species 
composition, occurrence of specifi c habitats and changes in species dis-
tribution are highlighted in boxes distributed over the following pages.

Figure 16. Total number of native regular breeding 
bird species per biogeographic region according to 
EBBA2 data; in brackets, number of species restricted 
to the region (see Table 8). Map of biogeographic 
regions according to EEA (2019a). 50-km squares 
extending into more than one region were excluded 
from the analysis.
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Table 8. List of restricted-range species in seven biogeographic regions in Europe (EEA 2019a). Species with restricted ranges are defined here as species occurring in only one 
region. 50-km squares extending into more than one region were excluded from the analysis. No restricted-range species were found in the Continental, Boreal, Pannonian and 
Black Sea regions.

Species in biogeographic regions
Mediterranean Macaronesia Arctic Alpine
Caprimulgus ruficollis Phaethon aethereus Cygnus columbianus Tetraogallus caucasicus
Apus caffer Columba trocaz Branta bernicla Calliope calliope
Fulica cristata Columba bollii Bucephala islandica Phoenicurus erythrogastrus
Calonectris diomedea Columba junoniae Histrionicus histrionicus Oenanthe chrysopygia
Puffinus yelkouan Apus unicolor Gavia immer Prunella atrogularis
Puffinus mauretanicus Chlamydotis undulata Pluvialis squatarola Carpodacus rubicilla
Larus audouinii Pelagodroma marina Calidris canutus
Otus cyprius Hydrobates monteiroi Calidris alba Anatolian
Ketupa zeylonensis Pterodroma madeira Xema sabini Vanellus indicus
Aquila adalberti Puffinus lherminieri Pagophila eburnea Otus brucei
Halcyon smyrnensis Bulweria bulwerii Stercorarius pomarinus Ammomanes deserti
Falco eleonorae Onychoprion fuscatus Alle alle Argya altirostris
Cyanopica cooki Phylloscopus canariensis Emberiza pallasi Bucanetes mongolicus
Chersophilus duponti Saxicola dacotiae
Galerida theklae Regulus madeirensis Steppic Atlantic
Iduna opaca Anthus berthelotii Charadrius asiaticus Puffinus puffinus
Sylvia melanothorax Fringilla teydea Vanellus gregarius Loxia scotica
Sylvia ruppeli Fringilla polatzeki Accipiter badius
Sylvia sarda Pyrrhula murina Poecile hyrcanus
Sylvia balearica Serinus canaria Melanocorypha yeltoniensis
Sitta whiteheadi Sylvia nana
Oenanthe cypriaca Oenanthe deserti
Oenanthe leucura Emberiza bruniceps
Carduelis corsicana

Figure 17. (A) Number of native species observed per 
50-km square and (B) comparison between regions (in 
brackets: mean number of native species per square 
and its standard deviation). Statistical differences 
between regions are shown in coloured fields, for 
example: the number of species in the Arctic (left) is 
significantly lower than in the other regions (top), 
but the number of species in the Boreal region is 
significantly higher than in all other regions except 
the Pannonian. Squares with a land area <1,000 
km2 are not included, nor is eastern Europe (Russia, 
Kazakhstan, Caucasus countries, Turkey and Cyprus) 
because of its uneven intensity of coverage in EBBA2. 
Multiple comparisons of means were carried out using 
Tukey’s HSD test with 95% family-wise confidence 
level.
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Changes in distribution
A total of 539 native bird species were recorded in EBBA2. Applying 
the taxonomy used for EBBA2 retrospectively to the species list used for 
EBBA1, the equivalent number of species recorded during the EBBA1 
period is 506. However, the diff erence of 33 species between the two 
atlases does not represent a real species gain in the approximately 30 
years between the two fi eldwork periods. In fact, 23 of these species are 
(and were) present exclusively in areas unsurveyed in EBBA1, i.e. in 
Anatolia, Cyprus and the Canary Islands.

Within the study area covered in both atlases, a total of fi ve spe-
cies were found in EBBA1 but not in EBBA2, and 15 were found in 
EBBA2 but not in EBBA1, considering only species with confi rmed 
breeding records. � e majority of these species were found in only a 
few squares and are often not regular breeders; in other cases, their 
area of distribution was not properly covered in one atlas, usually 
EBBA1. On the whole, most of the apparent losses and gains between 
EBBA1 and EBBA2 can be interpreted as a result of diff erences in 
coverage and intensity of fi eldwork. True gains and losses, i.e. coloni-
sations and extinctions, are likely restricted to eight cases. � e Com-
mon Buttonquail Turnix sylvaticus, a species formerly common and 
widespread in SW Europe [HBW], already had an uncertain breeding 
status at the time of EBBA1 and has since been declared extinct in 
Spain (Ministerio para la Transición Ecológica 2018). Populations 
of Pine Bunting Emberiza leucocephalos were always marginal in Eu-
rope and may have disappeared due to an eastward range shift. Lesser 
Crested Tern � alasseus bengalensis, a very rare but regular breeding 
species on Mediterranean coasts of Europe since the 1970s, was regis-
tered breeding for the last time in Europe in 2003 (see Appendix 1). 
� e other two species not recorded in EBBA2 any more, Yellow-billed 
Loon Gavia adamsii and Iceland Gull Larus glaucoides, were never 
common in Europe as breeders. � e only true coloniser now well es-
tablished within the study area covered in both atlases seems to be the 
Little Swift Apus affi  nis, which has colonised Spain from its African 
strongholds. � ree more species, recorded in areas well surveyed al-
ready in EBBA1, may establish themselves in the near future: Elegant 
Tern � alasseus elegans now breeds regularly in Europe, whereas only 
exceptional cases of mixed pairs with Sandwich Terns � alasseus sand-
vicensis were documented in EBBA1. Lesser Flamingo Phoeniconaias 
minor and Common Bulbul Pycnonotus barbatus are both still very 
rare and localised.

� e cases mentioned above are extreme instances of colonisation 
and extinction in the whole of Europe, but many other species have 
substantially changed their distribution in the last 30 years. � e sym-
metrical index of change in which +100 refers to colonisations (e.g. 
Apus affi  nis) and –100 to extinctions (e.g. Emberiza leucocephalos) al-
lows us to synthesise changes for all species (see Methods). 

Out of the 407 native species for which a change index could be 
calculated, 187 showed an increase in distribution, 135 a decrease; for 
85 species distribution did not change or the trend was uncertain. � e 
20 species with the strongest range expansion (Table 9) include birds 
clearly favoured by conservation eff orts, such as White-tailed Sea-eagle 
Haliaeetus albicilla or Eurasian Spoonbill Platalea leucorodia, while in 
other cases land-use change and specifi c adaptations to new environ-
ments could explain the expansion (e.g. Caspian Gull Larus cachinnans). 
In the case of a few species, such as Ruddy Shelduck Tadorna ferruginea, 
the expansion is mainly due to introductions and escapes from captivity. 
Range expansions can be easily detected in a distribution atlas because a 
single breeding pair is suffi  cient to indicate presence in a square; on the 
other hand, the disappearance of a species from a square is often preced-
ed by a decline in population size. � e 20 species with the highest losses 
of squares between the two atlases (Table 9) include typical agricultural/
grassland species such as Great Bustard Otis tarda and Red-footed Fal-
con Falco vespertinus. However, the key environmental factors behind 
these patterns are not always evident; for example, the ranges of some 
species associated with both warm environments (e.g. Rufous-tailed 
Scrub-robin Cercotrichas galactotes) and cold ones (e.g. Snowy Owl Bubo 
scandiacus) are contracting. 

Patterns of change 
in biogeographic regions

Beyond these changes at the European level, comparisons of EBBA1 
and EBBA2 data reveal some interesting patterns of change with regard 
to biogeographic regions. Only the Mediterranean and Pannonian re-
gions lost more native species than they gained, while the overall gain is 
greatest in the Alpine and Arctic regions (Figure 18). Based on the total 
number of native species occurring in EBBA1, the increase in the Arctic 
is more than 25%, which represents a notable change in its species set 
in just 30 years. 

Table 9. Native species with the highest gains and losses within the area compared 
between atlases. EBBA1 and EBBA2 show the number of squares where the species 
bred in each atlas. The change index is based on bootstrapping of the formula 
(EBBA2–EBBA1)/(EBBA2+EBBA1); values in brackets: the direction of change is certain 
but the magnitude shown is uncertain. See Methods for details.

Species EBBA1
(No. of 
squares)

EBBA2
(No. of 
squares)

Change 
index

Gains
Anser albifrons 0 18 +100
Iduna caligata 0 42 +100
Tarsiger cyanurus 3 55 [+89.9]
Branta leucopsis 41 281 +74.5
Bubulcus ibis 49 269 +69.2
Larus cachinnans 38 201 [+68.2]
Ardea alba 84 436 +67.7
Tadorna ferruginea 37 165 [+63.5]
Motacilla citreola 59 224 +58.4
Apus caff er 8 29 [+57.1]
Fulica cristata 4 13 [+54.2]
Porphyrio porphyrio 25 76 [+50.7]
Acrocephalus agricola 14 42 [+50.3]
Larus melanocephalus 87 261 +50.1
Haliaeetus albicilla 307 904 +49.3
Phalacrocorax carbo 317 879 +47.0
Platalea leucorodia 65 172 [+45.3]
Cyanistes cyanus 5 12 [+42.5]
Phoenicopterus roseus 8 19 [+41.3]
Acrocephalus dumetorum 162 380 +40.3
Losses
Coracias garrulus 522 347 –20.2
Falco biarmicus 67 44 [–20.8]
Alaudala rufescens 35 23 [–20.9]
Falco vespertinus 178 111 [–23.2]
Otis tarda 114 71 [–23.3]
Sterna dougallii 31 19 [–24.2]
Pterocles alchata 56 34 [–24.6]
Puffi  nus yelkouan 24 13 [–30.1]
Phylloscopus borealis 80 43 [–30.3]
Pinicola enucleator 118 63 [–30.5]
Zapornia pusilla 85 45 [–30.9]
Calidris pugnax 514 270 –31.1
Cercotrichas galactotes 78 33 [–40.7]
Pastor roseus 17 7 [–41.9]
Calidris minuta 10 4 [–43.9]
Bubo scandiacus 41 16 [–44.3]
Emberiza caesia 57 20 [–48.4]
Anser erythropus 10 2 [–67.8]
Glareola nordmanni 10 1 [–81.9]
Emberiza aureola 26 1 [–92.8]
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We saw in the previous section that patterns of species richness look 
different at the local level. The same is true for patterns of change. 
The gains of species per 50-km square are highest in the Boreal region, 
where many squares hold over 14 species more than in EBBA1 (Figure 
19). In the Mediterranean, squares with low gains or even losses dom-
inate. This contrast between the two large regions in the north and the 
south and a more mixed pattern in between suggests a gradient related 
to latitude. Such a relationship was indeed found when analysing the 
change in species distribution directly in relation to latitude: the results 
showed a mean northward shift of 28 km in the centre of latitudinal 
gravity of the species’ range (n = 395 species), using a protocol present-
ed in a national study by Brommer et al. (2012), which corresponds 
to a speed of 0.93 km/year during the last c 30 years. This analysis was 
done for the same set of squares used in Figure 19, including only spe-
cies occurring in at least 10 squares in both atlases in order to minimise 
the impact of very rare species.

Conclusion:  
general patterns of change

Identifying general patterns of change across species is crucial to un-
derstand how bird distributions in Europe have changed over the last 
30 years. These patterns merit to be further investigated to determine 
the environmental factors that have driven the main changes in bird 
distribution at a continental scale. Such analyses also provide a basis to 
project distributions of bird species to the future. 

Despite our efforts to control for differences in the intensity of cov-
erage in all the analyses, the patterns of change observed are probably 
still partly related to overall differences in the intensity of coverage. Nev-
ertheless, the geographic patterns of change described above, i.e. differ-
ences between regions, overall European comparisons and latitudinal 
shifts, appear consistent and robust. Here are a few summary points:

Figure 18. Net change in species richness per region. Difference in the number of 
native bird species between EBBA1 and EBBA2 for regions (within the area suitable 
for comparison, see Figure 17A). Calculations do not include exceptional breeders. 

Figure 19. (A) Change in species richness (number of 
native species per 50-km square) between EBBA1 and 
EBBA2, where negative values correspond to overall 
losses and positive values to gains. (B) Comparison 
of change per square between regions (in brackets: 
mean number of native species per square and 
its standard deviation). Values shown only for the 
set of squares considered suitable for comparison 
between EBBA1 and EBBA2 (see Methods). Multiple 
comparisons of means were carried out using Tukey’s 
HSD test with 95% family-wise confidence level.
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• Th e overall number of native bird species in Europe has hardly 
changed between the two atlases.

• Th e overall net change in the number of species diff ers greatly between 
regions. Th e coldest regions (Arctic and Alpine) have gained the most 
species, and the warmest (Mediterranean) has shown a net loss.

• At a local level, the mean number of species per 50-km square has 
increased remarkably in the Boreal region.

• Overall, the distribution of native species has consistently and sig-
nifi cantly moved northwards since the last atlas.

Th e results are in line with predictions based on climate-change sce-
narios, which indicate rapid increases in species numbers in the north 
of Europe as range boundaries shift northwards (Brommer et al. 2012, 
Massimino et al. 2015). Th e dataset of the two European breeding bird 
atlases will allow more detailed analyses of change in relation to climate 
but also to land use. 

Among the many native species exemplifying this northward shift 
are European Goldfi nch Carduelis carduelis, Eurasian Jackdaw Corvus 
monedula, Common Firecrest Regulus ignicapilla, and Cetti’s Warbler 
Cettia cetti. However, this pattern cannot be fully generalised, and there 
are also examples of species whose distribution has contracted either in 
the northernmost part of their range, e.g. Crested Lark Galerida cris-
tata, or almost everywhere, e.g. Ortolan Bunting Emberiza hortulana. 
Conversely, some northern species such as Bohemian Waxwing Bomby-
cilla garrulus or Whooper Swan Cygnus cygnus have markedly expanded 
their distribution towards the south. Exploring the role of other factors, 
such as habitat requirements, could broaden our understanding of the 
patterns and processes aff ecting breeding birds in Europe.

Species and habitats
Many bird species are associated with one broad habitat class, while 
others are generalists occurring in diff erent habitats. In this section, we 
explore large-scale patterns of distribution associated with seven main 
habitat categories across Europe: marine and coastal habitats; agricul-
tural and grassland habitats; inland wetlands; boreal and temperate 
forests; montane grassland; Mediterranean forest, shrubland and rocky 
habitats; and tundra, mires and moorland (Tucker & Evans 1997). 
More precisely, we analyse how the number of species in each of these 
habitats varies across Europe and how this has changed over the last 30 
years, with a special focus on the diff erences between biogeographic 
regions. As described for the analyses in the previous sections, species 
richness per 50-km square is likely to be infl uenced by survey cover-
age. Nevertheless, the pattern revealed for the whole of Europe and the 
diff erences among regions highlight where the strongholds of diff erent 
species groups are located and where changes have occurred. As in the 
previous sections of this chapter, maps of species richness are shown for 
all of Europe, whereas the comparisons between regions and between 
EBBA1 and EBBA2 are restricted to the same part of the study area, 
excluding most of Russia, Turkey, Caucasus and other nearby areas. Th e 
assignment of species to habitats used in this section is based on Tucker 
& Evans (1997), but was revised to include some species that either 
remained unclassifi ed or were absent in the reference. We also reclassi-
fi ed a few species to be consistent with updated classifi cations in EBCC 
projects, in particular the habitat classes for indicators of farmland and 
woodland habitats [PECBMS]. Th e habitat category for each species is 
listed in Appendix 2.

The Eurasian Spoonbill Platalea leucorodia has increased its distribution in Europe between EBBA1 and EBBA2. This process has been favoured by the protection of wetlands. 
©Ondřej Prosický
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Marine and coastal habitats
A total of 63 bird species are associated with this habitat (see Appen-
dix 2). The Atlantic and Arctic regions hold the highest number of 
species in this group (Figure 20A), which is not surprising given the 
high productivity of the neighbouring oceans. At a local level (50-km 
squares), the Arctic region stands out, showing the highest number of 
species per square on average (Figure 20B; analyses not shown). The 
pattern of change for most species within this group is particularly 
complex to interpret, at least partly because marine birds breed in dis-
crete colonies that may change location, and either spread or concen-
trate. Overall, shrinking distributions in the Arctic strongholds (Figure 
20C; analyses not shown) are particularly notable and consistent with 
the decrease in Arctic seabird populations, mainly attributed to fishery 
activities, climate change and pollution (Gaston 2011). In contrast, 
some species have increased their distribution inland (Figure 20C), 
possibly as a result of improved conditions in inland waters.

North Sea coast in Scotland UK. 
©Verena Keller

Figure 20. Marine and coastal habitats. (A) Total number of native breeding bird 
species associated with this habitat in each biogeographic region. (B) Number of 
species per 50-km square. (C) Difference in number of species per square between 
EBBA1 and EBBA2. 
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The distribution of the Great Bustard Otis tarda has decreased in Europe between EBBA1 and EBBA2. The drivers of this change include habitat degradation due to agricultural 
intensi� cation. ©Martin Pelánek

Pannonian region

� e Pannonian region hosts few species compared to other regions; 
it ranks third last in species richness, and no species is restricted to 
this region within Europe. � ese patterns are undoubtedly related 
to its relatively small size and high connectivity with other regions, 
particularly the Continental region. However, at the local level, with 
its 150 species/square, the Pannonian region is the second richest in 
Europe. Net loss of one species since EBBA1 is perhaps not surpris-
ing given its small size. While some species of conservation concern 
have colonised the region, e.g. Red Kite Milvus milvus, others have 
disappeared, e.g. Aquatic Warbler Acrocephalus paludicola and Lesser 
Kestrel Falco naumanni. At the local level, species richness increased 
by 9 species/square on average, surpassed only by the Boreal region. 
� e Pannonian region hosts a high average number of agricultural 
and grassland species per square, comparable only to the Steppic re-
gion. � e average number of inland wetland species per square is high 
as well. Local species richness of farmland birds has not declined as it 
has in other regions (Mediterranean and Atlantic), suggesting nega-
tive trends aff ecting farmland birds have not been as pronounced in 
this region yet. An increase in local species richness was found in birds 
typical of inland wetlands. � e Pannonian region still constitutes a 
stronghold for several species that are declining in other regions, such 
as Lesser Grey Shrike Lanius minor or Eastern Imperial Eagle Aquila 
heliaca, but unfortunately the pattern is not general and the distribu-
tion of species such as Greater Short-toed Lark Calandrella brachydac-
tyla and Black Tern Chlidonias niger has notably shrunk in the region 
in the last 30 years.

©Attila Szilágyi
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Arable fields in southern Russia.  
©Petr A. Tilba

Agricultural and grassland habitats
A total of 84 bird species are associated with this habitat (see Appen-
dix 2). The Steppic and Mediterranean regions host the highest net 
number of agricultural and grassland birds, closely followed by the 
Anatolian and Continental regions (Figure 21A). At a local level (num-
ber of species per 50-km square), the Pannonian region also stands 
out as very rich. In general, the number of agricultural and grassland 
species declines rapidly towards the north (Figure 21B). The change 
map shows that the overall distribution of agricultural and grassland 
birds has shrunk across Europe over the last 30 years, particularly in the 
Mediterranean, Atlantic and Continental regions (Figure 21C; analy-
ses not shown). These losses in the overall distribution of agricultural 
and grassland birds are consistent with population declines in common 
farmland birds noted in Europe [PECBMS], and suggest that factors 
affecting this group over the last three decades have provoked not only 
losses in numbers, but also local extinctions. The decline of farmland 
bird populations has been mainly attributed to agricultural intensifi-
cation encouraged by agricultural policy (Donald et al. 2001), and al-
though conservation policies have attenuated these declines, they have 
not reversed them (Gamero et al. 2017). 
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Figure 21. Agricultural and grassland habitat. (A) Total number of native breeding 
bird species associated with this habitat in each biogeographic region. (B) Number 
of species per 50-km square. (C) Difference in number of species per square between 
EBBA1 and EBBA2.
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Continental region

Th e Continental region hosts the third highest number of native 
breeding species, but no species has a range restricted to this region 
within Europe. Eight species appeared as new breeders in the Con-
tinental region and six were lost, the net gain of two species suggest-
ing overall stability in the number of species. Furthermore, regional 
extinctions and colonisations are confi ned to species occurring here 
in low numbers, such as the regionally extinct Eurasian Dotterel 
Eudromias morinellus or the recently arrived Barnacle Goose Branta 
leucopsis. It is important to note, however, that a large part of the 
Continental region lies in eastern Europe, which is not included in 
the comparison because it was not properly covered in EBBA1. Local 
species richness is quite high (149 species/square on average), simi-
lar to the Pannonian region, suggesting that the Continental region 
is a stronghold for many rather common and widespread species. It 
is especially important for species characteristic of inland wetlands 
(e.g. Bearded Reedling Panurus biarmicus) and, to a lesser degree, 
for species of agricultural and grassland habitats (e.g. Yellowhammer 
Emberiza citrinella) and boreal and temperate forest birds (e.g. Col-
lared Flycatcher Ficedula albicollis). Species richness at the local level 
increased by 7 species/square on average. Th e local species richness 
of agricultural and grassland birds has declined slightly, probably as 
a result of intensifi ed agricultural practices over the last 30 years. On 
the other hand, an increase is visible in the local species richness of 
typical boreal and temperate forest birds and inland wetland species.

©Tomasz Wilk
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Steppic region 

Th is vast biogeographic region encompasses a large variety of habitats, 
with various steppe types unique to the European landscape. But it also 
comprises foothills, mountain ranges, forests and extensive wetlands, 
and a total of 332 breeding species make it the fourth most species-rich 
region in Europe. However, considering the homogeneity of steppe 
habitats over large expanses, it is not surprising that the average num-
ber of species per square is very low; with 122 species it ranks third 
last among all biogeographic regions. Th e Steppe region features habi-
tats that are unique within Europe, hence the large number of species 
whose European range is restricted to this region, among them Shikra 
Accipiter badius, Sociable Lapwing Vanellus gregarius and Red-headed 
Bunting Emberiza bruniceps. Th e Steppic region is by far the most im-
portant for the agricultural and grassland species of Europe. It shows 
both the highest total diversity and the highest average species number 
per square. Th e only other habitat type of great importance within the 
steppes are inland wetlands, which are as highly species-diverse as those 
in the Continental region. However, average richness per square is not 
outstanding, indicating that local wetland diversity is comparatively 
small. Some parts of this area were not well covered in EBBA1 (SE 
Russia, Kazakhstan and Azerbaijan) and the comparisons are mostly 
based on the western steppe areas. Despite there being only a marginal 
(positive) change in the total number of species in the steppe region, 
the turnover was rather high with 17 species lost and 21 species gained. 
Waders and birds of prey suff ered the highest losses (four each), whereas 
gains are concentrated in the forest bird guild (fi ve species). Th ere has 
been an increase of 7 species/square, found in most habitats except for 
boreal and temperate forests. Th e region hosts several species showing 
some of the greatest distribution losses of all European species, namely 
Great Bustard Otis tarda and Red-footed Falcon Falco vespertinus. 

©Askar Isabekov
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Inland wetlands 
A total of 66 bird species are associated with this habitat (see Appen-
dix 2). In contrast to the other habitats analysed, the overall numbers 
of inland wetland species are quite similar across regions (Figure 22A). 
However, at a local level, the average values per 50-km square are much 
lower in the Arctic, Alpine and Mediterranean regions and higher in 
the Pannonian, Boreal, Continental and Steppic regions (Figure 22B). 
This configuration seems to indicate that, at this scale, species richness 
is more closely related to topography, with wetlands concentrated in in-
land plains and large river valleys, than to the amount of precipitation. 
Change in the last 30 years has generally been positive in this group 
of species, particularly in the Pannonian and Boreal regions (Figure 
22C). Many waterbird species display long-term increases in popula-
tion size, most likely driven by their positive response to the protec-
tion of remaining wetlands; however, some current reasons for concern 
have been identified regionally, such as hunting (Jiguet et al. 2012) and 
over-eutrophication (Lehikoinen et al. 2016).
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Wetland area in Poland. ©Tomasz Wilk
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Figure 22. Inland wetlands. (A) Total number of native breeding bird species 
associated with this habitat in each biogeographic region. (B) Number of species per 
50-km square. (C) Difference in number of species per square between EBBA1 and 
EBBA2. 
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Black Sea region

One of the smallest biogeographic units of Europe, the Black Sea 
region only encompasses the coastal stretches along the Black Sea 
of Turkey, Georgia, extreme southern Russia, and the eastern Bal-
kan countries. As the Turkish and Georgian areas were not treated 
in EBBA1, and intensity of coverage during EBBA2 was lower in 
these areas than in the others, general analyses are not possible. � e 
Black Sea region presents a rather heterogeneous picture. None of the 
habitat types are particularly well represented here, except for mon-
tane grasslands, where the Black Sea has the second highest species 
number. However, since wetlands, coastal ranges, foothill forests and 
mountains are all present in this region, bird variety is still reasona-
bly high. In total, 229 breeding species were registered, resulting in 
greater species richness in the Black Sea region than in the Pannonian, 
Arctic or Macaronesian regions. Its bird community is characterised 
by a wealth of more widespread European species, representing al-
most all guilds. At the same time, there are no species whose ranges 
in Europe are exclusively restricted to this region. A few European 
endemics are found, all of them occurring in directly adjacent regions 
as well, namely Caucasian Grouse Lyrurus mlokosiewiczi, Krueper’s 
Nuthatch Sitta krueperi, Olive-tree Warbler Hippolais olivetorum and 
Eastern Bonelli’s Warbler Phylloscopus orientalis. � e Black Sea region 
is home to several species showing the largest areal gains during the 
last 30 years, including Mediterranean and Caspian Gulls (Larus 
mela nocephalus, L. cachinnans), Great White Egret Ardea alba, White-
tailed Sea-eagle Haliaeetus albicilla and Great Cormorant Phalacroco-
rax carbo. On the other hand, for an area associated with water, this 
region shows a remarkably low number of breeding wader species.

Boreal region

� e Boreal region hosts an average number of native breeding spe-
cies compared to other regions. � ere are no species whose European 
range is restricted to this region. � e change analysis between EBBA1 
and EBBA2 was limited to Fennoscandia and the Baltic countries. 
Taking this into account, a total of 13 species appeared as new breed-
ers in the region and four were lost, resulting in a net gain of nine spe-
cies. � e Yellow-breasted Bunting Emberiza aureola, which has mas-
sively declined across its global range, used to be a regular breeding 
bird in the region, but the other three lost species bred only irregular-
ly. Newly recorded species also include sporadic breeders, but several 
species have strongly expanded their range into the region from the 
south (e.g. Common Firecrest Regulus ignicapilla, Caspian Gull La-
rus cachinnans) and east (e.g. Pallid Harrier Circus macrourus, Booted 
Warbler Iduna caligata). Local species richness is highest in the Boreal 
region (157 species/square on average) and shows the fastest increase 
(7 species/square on average), possibly explained by the large-scale 
spread of southern species northwards due, among other reasons, to 
climate change. � e Boreal region is important for many species char-
acteristic of boreal and temperate forests, such as woodpeckers and 
thrushes. On average, the region holds lower numbers of farmland 
and wetland species, although local species richness is increasing in 
both groups. � e region holds the third highest species richness for 
tundra, mire and moorland birds, mostly due to the great number of 
species breeding in mires.

©Lider Sinav

©Åke Lindström
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Old forest in Lithuania.  
©Eugenijus Drobelis

Boreal and temperate forests 
A total of 73 bird species are associated with this habitat (see Appen-
dix 2). The Alpine region has the largest number of boreal and temper-
ate forest birds because of its geographical spread and marked altitudi-
nal gradient, followed by the Boreal region (Figure 23A). At a local level 
(50-km squares), species richness in the Boreal region is significantly 
higher than in all other regions; the Continental and Alpine regions 
also have fairly high values (Figure 23B; analyses not shown). Over-
all, species richness of forest birds is increasing in Europe, mainly as a 
result of natural forest regrowth on abandoned agricultural land (Mi-
kusiński et al. 2019). The Boreal region also shows by far the greatest 
positive change. The positive trend in the Arctic highlights the overall 
expansion of forest birds in the north of the continent, in clear contrast 
with the stability in the southernmost regions (Figure 23C; analyses not 
shown); this contrast between the north and the south seems to be an 
effect of climate change. 
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Figure 23. Boreal and temperate forests. (A) Total number of native breeding bird 
species associated with this habitat in each biogeographic region. (B) Number of 
species per 50-km square. (C) Difference in number of species per square between 
EBBA1 and EBBA2.

 A 

201103_EBBA_inici_B.indd   55 03/11/20   23:55



56

Alpine region

Unlike the other biogeographic regions, the Alpine region consists of 
geo graphically widely separated units, with distinct and only partially 
overlapping bird communities. � e Scandinavian Mountains, for in-
stance, share species such as the Rock Ptarmigan Lagopus muta with the 
Ural Mountains, the southern mountain ranges of the Pyrenees and the 
Alps; the populations in the south are considered glacial relicts from 
the ice ages. � e southern mountain ranges share species that colonised 
Europe from Central Asia but did not expand further north after the 
ice ages, most likely because suitable cliff  habitats are lacking in low-
land areas between the mountain massifs in southern and northern Eu-
rope; examples are Wallcreeper Tichodroma muraria and Yellow-billed 
Chough Pyrrhocorax graculus. � e isolation of the mountain ranges with 
their distinct bird communities explains the high total number of species 
found in the Alpine region. Out of the six species restricted to the Alpine 
region in Europe, three reach their western range border in the Ural 
Mountains, and three are only found in the Caucasus region, with the 
Caspian Snowcock Tetraogallus caucasicus fully endemic to Europe. � e 
southern mountain ranges are the strongholds of the 14 species associ-
ated with montane grassland, e.g. Water Pipit Anthus spinoletta, Alpine 
Accentor Prunella collaris or White-winged Snowfi nch Montifringilla 
nivalis. � e disappearance of montane grassland species and other typi-
cal mountain species from low-altitude mountains is responsible for the 
declines in species richness per square, for instance in the Carpathian 
Mountains. Overall, however, species richness per square has increased 
in the Alpine region, most probably due to species originally restricted 
to low elevations expanding their distribution to higher altitude. Average 
species richness per square is lower than in other biogeographic regions, 
though this applies mostly to the northern mountains in Scandinavia 
and the poorly surveyed mountains in the Balkans. 

Anatolian region

Comparative analyses are not available for the Anatolian region be-
cause coverage during EBBA2 was lower than in other European 
regions, and it was not treated at all in EBBA1. However, EBBA2 
data show that the Anatolian region has a very distinct bird com-
munity including many species with a restricted range. In particular, 
southeastern Anatolia, bordering on Syria, hosts a range of breeding 
species not found elsewhere in the EBBA2 area. Of note are the oc-
currences of Red-wattled Lapwing Vanellus indicus, Pallid Scops-owl 
Otus brucei, Iraq Babbler Argya altirostris, Desert Lark Ammomanes 
deserti, or Chestnut-shouldered Bush-sparrow Gymnoris xanthocollis, 
among others. � ere are even two European endemics here, shared 
only with neighbouring areas, namely Olive-tree Warbler Hippolais 
olivetorum and Eastern Bonelli’s Warbler Phylloscopus orientalis. � e 
proximity of the semi-desert and desert regions to the south, the Cau-
casian foothills to the east, and the presence of remarkably diverse 
mountain ranges, grassland and wetlands explains the high number 
of 289 breeding species found in the Anatolian region. EBBA2 data 
show a rather low average species richness per square, indicating that 
lower intensity of coverage may have led to an underestimation of this 
region’s actual wealth. � e Anatolian region is particularly important 
in Europe for species of agricultural/grassland areas, montane grass-
lands, and Mediterranean forests and shrubs, but plays a minor role 
for the other habitat types.

©Verena Keller

©Lider Sinav
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Montane grassland in Andorra.  
©Clara Pladevall

Montane grassland 
Only 14 bird species are associated with this habitat, which actually 
relates exclusively to large mountain ranges located in the south and 
centre of Europe (see Appendix 2). The highest number of species in 
this category is found in the Alpine region, but neighbouring regions 
also host a substantial number, usually in smaller mountain ranges (Fig-
ure 24A). Species richness decreases towards the west (Figure 24B), a 
pattern that could be related to both historical processes of westward 
colonisation and the extent of suitable habitat. Changes over the last 
30 years seem to have been more negative in the Mediterranean and 
Continental regions than in the Alpine region, but losses are also visible 
in lower-altitude mountain ranges of the latter (Figure 24C; analyses 
not shown). This result is consistent with studies on population trends 
carried out for common species (Lehikoinen et al. 2019b). 
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Figure 24. Montane grassland. (A) Total number of native breeding bird species 
associated with this habitat in each biogeographic region. (B) Number of species per 
50-km square. (C) Difference in number of species per square between EBBA1 and 
EBBA2. 
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Mediterranean region

After the Alpine region, the Mediterranean is the second most diverse 
region in Europe with regard to the total number of native breeding 
birds. It ranks fi rst, by far, in terms of the number of bird species 
restricted to this region within Europe. Its location at the margins of 
Africa and Asia, where birds from diff erent origins converge, its great 
topographic and geographic diversity and a long history of human 
intervention explain these patterns. However, despite the high de-
gree of habitat heterogeneity, local bird species richness shows only 
intermediate values. It seems to be higher in the west than in the east, 
which could be linked to factors such as habitat diversity, but also, 
at least partly, to diff erences in survey intensity in EBBA2. Despite 
recent spontaneous colonisations by Little Swift Apus affi  nis from 
North Africa and Elegant Tern Th alasseus elegans from North Ameri-
ca, to mention just two of the nine species newly recorded during the 
EBBA2 period, the total number of breeding birds in the region has 
decreased over the last 30 years. Th e extinctions include 11 species 
whose core distribution lies further north, such as Common Murre 
Uria aalge, but also one southern species, Common Buttonquail Tur-
nix sylvaticus. Th e overall decline in the number of breeding species 
contrasts with the general increases further north, which could in part 
be linked with negative eff ects of climate and land-use changes. Th e 
Mediterranean stands out for the number of bird species that are ex-
clusive or almost exclusive to its particular forests, shrublands and 
rocky habitats, but also for the large number of species adapted to its 
diverse agricultural systems. Unfortunately, the 50-km data suggest 
that the region experienced a signifi cant overall loss of diversity in ag-
ricultural and grassland birds in the last 30 years, whereas species rich-
ness of forest and shrubland birds in the region has remained stable.

©Unai Fuente Gómez
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Macaronesia 

Th e Macaronesian region is composed of isolated archipelagos of vol-
canic origin and, in line with predictions from classical biogeography 
theory, hosts a relatively small number of species (90) compared to 
other regions with more land mass at least partially located on the 
continent. Biogeographic isolation has also resulted in much higher 
endemism rates, especially among terrestrial bird species whose an-
cestors arrived from nearby continental areas in the western Palearc-
tic, such as Tenerife Blue Chaffi  nch Fringilla teydea or Azores Bull-
fi nch Pyrrhula murina. Diff erences in coverage between EBBA1 and 
EBBA2 (EBBA1 did not include the Canary Islands) make it diffi  cult 
to assess changes in species distribution for the region, which is most-
ly centred in the Azores and Madeira archipelagos. Overall, the region 
appears to have gained four species. Th ree of them are related to land-
use changes in the islands, for example the colonisation of man-made 
water reservoirs by the Common Coot Fulica atra or of new conifer 
plantations in Madeira by the Eurasian Siskin Spinus spinus. As in 
nearby continental areas, the Eurasian Collared-dove Streptopelia de-
caocto reached the archipelagos before the start of this century. Th e 
fourth apparent gain, Pallid Swift Apus pallidus, is explained by insuf-
fi cient coverage in EBBA1, as it was known to breed in Madeira in the 
20th century. Th e region appears to have lost one species, Common 
Teal Anas crecca, while two more, the exceptionally breeding Little 
Ringed Plover Charadrius dubius and Red-billed Tropicbird Phaethon 
aethereus, have disappeared from the area compared between the two 
atlases but are present on the Canary Islands. 

©Sergi Herrando
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Mediterranean forest, shrubland  
and rocky habitats
A total of 56 bird species are associated with this habitat (see Appen-
dix 2). The highest values both at the regional and the local level are 
obviously found in the Mediterranean region (Figure 25A). Neverthe-
less, values are relatively high locally in adjacent regions as well. At the 
50-km scale, the pattern is rather heterogeneous (Figure 25B), with the 
highest values in the southwest of the Iberian Peninsula, where habitats 
composed of scattered oaks and low-intensity grass cover are particular-
ly suitable for many of these species (Tellería et al. 2001). The Anatolian 
region also stands out with a high number of species despite the gaps 
in coverage, underlining the similarities in habitats and climate to the 
Mediterranean region. No clear overall pattern of change is visible in 
the data (Figure 25C; analyses not shown). Some local changes seem 
genuine, such as the expansions of Mediterranean bird species on the 
Atlantic side of the Iberian Peninsula. On the other hand, differences 
between Greece and the peninsulas further west could be due to une-
qual data collection between the two atlases.
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Mediterranean shrub in Sardinia, Italy. 
©Sergi Herrando
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Figure 25. Mediterranean forest, shrubland and rocky habitats. (A) Total number 
of native breeding bird species associated with this habitat in each biogeographic 
region. (B) Number of species per 50-km square. (C) Difference in number of species 
per square between EBBA1 and EBBA2. 
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Arctic region

Avian diversity in the Arctic region is relatively low, with 198 record-
ed breeding species. Furthermore, the average of 29 species per 50-
km square is signifi cantly lower than in all other regions. Th ere is a 
large proportion of waterbirds, both wildfowl (33 species) and waders 
(36 species), as well as rich populations of seabirds (29 species), but 
relatively few passerines. Despite its low overall diversity, the region 
holds 13 species not found breeding elsewhere in Europe. Th ese re-
stricted-range species can be split into three geographical groups: four 
species found only in Iceland, including Common Loon Gavia immer 
and Barrow’s Goldeneye Bucephala islandica; four species breeding fur-
ther east, principally within mainland Russia, such as Pomarine Jaeger 
Stercorarius pomarinus and Pallas’s Bunting Emberiza pallasi; and fi ve 
species of the far northern archipelagos, including Sanderling Calidris 
alba and Ivory Gull Pagophila eburnea. None of these species are actu-
ally endemic to Europe, which is unsurprising considering the circum-
polar distribution of Arctic habitats. Given the diffi  culties in surveying 
the Arctic region, apparent changes in avifauna between the two atlas 
periods may be an artefact of variation in coverage. But even with 
analysis restricted to the western parts of the Arctic, where coverage is 
more comparable, there appear to have been considerable changes. We 
found a large increase in the number of species recorded in the Arctic 
during EBBA2: a net gain of 29 species, arising from 36 newly record-
ed species and 7 species lost since EBBA1. Th e newly recorded species 
span a wide range of taxonomic groups, and whilst some may have 
been overlooked during EBBA1 fi eldwork, it seems very likely, given 
the evidence for northward range shifts in several species, that many 
are recent arrivals; some species, such as Common Stonechat Saxicola 
torquatus and Eurasian Tree Sparrow Passer montanus, have expanded 
their ranges northwards considerably since EBBA1.

Atlantic region

With well over 300 species, the richness of the Atlantic region is com-
parable to the adjacent Continental, Mediterranean and Boreal regions. 
Th ere are only two species whose distribution is restricted to the At-
lantic region within Europe: Manx Shearwater Puffi  nus puffi  nus and 
Scottish Crossbill Loxia scotica. A total of 19 species appeared as new 
breeders in the region, and 10 were lost. Th is could be interpreted as 
a positive overall change. However, a more detailed look reveals an-
other picture. Of the 19 colonisations, 13 concern very rare, inciden-
tal breeders like Elegant Tern Th alasseus elegans and Greenish Warbler 
Phylloscopus trochiloides, and three are non-native to the Atlantic region, 
such as Greater Flamingo Phoenicopterus roseus. Genuine colonisations 
are few (three species) and refl ect partly successful reintroduction pro-
jects (Bearded Vulture Gypaetus barbatus) or range expansions (Glossy 
Ibis Plegadis falcinellus). Six species were lost due to range contractions, 
some of which are northern breeders such as Lesser White-fronted 
Goose Anser erythropus and Long-tailed Jaeger Stercorarius longicaudus. 
Species richness in the Atlantic region is moderately high (126 species/
square on average), similar to the Mediterranean region. At the local 
level, it increased by 6 species/square on average. Th e region is a strong-
hold for many species of inland wetlands, and particularly for marine 
and coastal birds like Eurasian Oystercatcher Haematopus ostralegus and 
European Herring Gull Larus argentatus. Th e distribution and popu-
lation sizes of farmland birds have declined signifi cantly, no doubt as 
a result of agricultural intensifi cation. On the other hand, birds char-
acteristic of inland wetlands have increased and spread to new areas, 
probably due to improved water quality, wetland restoration projects 
and species conservation. Th e distribution of marine and coastal birds 
has remained more or less the same, although increases were noted in 
the British Isles.

©Ingar Jostein Øien

©Dawn E. Balmer
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Tundra, mires and moorland 
A total of 47 bird species are associated with this habitat (see Appen-
dix 2). This group comprises typical Arctic species that are also found in 
the northern mountain ranges of Fennoscandia and in the Ural Moun-
tains, which belong to the Alpine region. Boreal and Atlantic regions 
host a considerable number of birds from this habitat category as well 
(Figure 26A). At a local level, species richness is highest in the Alpine 
region, particularly in its northernmost part (Fennoscandian moun-
tains; Figure 26B). Losses in this region in the last 30 years (Figure 
26C; analyses not shown) seem to be marked, consistent with recent 
studies conducted on trends in the abundance of common tundra and 
mire birds (Fraixedas et al. 2017, Lehikoinen et al. 2019b). 
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Tundra in northern Russia.  
©Mikhail V. Korepov
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Figure 26. Tundra, mires and moorland. (A) Total number of native breeding bird 
species associated with this habitat in each biogeographic region. (B) Number of 
species per 50-km square. (C) Difference in number of species per square between 
EBBA1 and EBBA2. 
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Species of conservation concern
Th e conservation of European birds has often focused on species with 
an unfavourable conservation status. Th e list of Species of European 
Conservation Concern (SPEC) was fi rst established by BirdLife Inter-
national based on data collected together with data for EBBA1 (Tucker 
& Heath 1994) and has since been revised and updated twice. Th e lat-
est assessment, based on the European Red List [ERL], was published 
in 2017 [SPEC]. A total of 218 species were classifi ed as SPEC: 65 in 
the category SPEC 1 (European species of global conservation con-
cern), 38 as SPEC 2 (species whose global population is concentrated 
in Europe and which have an unfavourable conservation status in Eu-
rope) and 115 SPEC 3 (species not concentrated in Europe and with 
an unfavourable conservation status in Europe). According to EBBA2 
data, the regions with the highest numbers of SPEC species per 50-km 
square are located in the northeast and southeast of the area used for 
comparison (Figure 27A). Although comparisons are hampered by the 
uneven intensity of coverage, the central part of European Russia and 
the Caucasus region also show high values, suggesting a concentration 
of species of European concern in these areas as well. Th e geographic 
pattern is quite similar to the overall species richness map (Figure 17), 
which implies that, at a large scale, the distribution of species of conser-
vation concern in Europe is representative of overall bird species distri-
bution. Th e multispecies map, produced using the 74 SPEC species for 
which modelled maps are available (36% of total SPEC species), shows 
essentially the same overall pattern at 10-km resolution as the 50-km 
maps including all species (Figure 27). Combining these two types of 
maps – one with all species but at coarse resolution, and a second with 
a subset of widespread species but at fi ner resolution – could be a basis 
for identifying areas of particular concern for conservation (Herrando 
et al. 2010a). Any approach, however, should take into account that 
this 10-km map does not include species whose distribution is patchy, 
such as seabirds. In addition to its fi ner resolution, this 10-km map 
has the advantage of encompassing the entire study area in a uniform 
manner, including eastern and southeastern Europe. 

Conscious of the interest in preserving bird species, European 
governments have adopted several international agreements for their 
conservation. Th e Birds Directive (formally known as Council Direc-
tive 2009/147/EC on the conservation of wild birds) is a European 
Union (EU) directive adopted in 2009 that replaces Council Directive 
79/409/EEC of 2 April 1979 on the conservation of wild birds. Annex I 
of the Birds Directive lists 193 species and subspecies that are considered 
particularly threatened. Beyond the EU, in 1998, the Convention on 
the Conservation of European Wildlife and Natural Habitats of the 

Council of Europe (Bern Convention) identifi ed a similar group of 206 
species and subspecies in Annex I of Resolution No. 6 “Listing the spe-
cies requiring specifi c habitat conservation measures” (see Appendix 2). 
All species in Annex I of the EU Directive are also included in Annex I 
of the Council of Europe’s resolution, but the opposite is not true (e.g. 
the Brown Fish-owl Ketupa zeylonensis or Barrow’s Goldeneye Bucepha-
la islandica are included in the second list, but not in the fi rst). EBBA2 
makes it possible to map where these species breed. For this purpose, 
the list of species in the two annexes were merged to create a list for the 
whole of Europe, rather than only the EU. Th e pattern produced by 
this map (Figure 28) has some similarities with the SPEC species map 
(Figure 27), but it shows more contrast, with low values concentrated 
in western Europe (with the exception of the Iberian Peninsula). Th is 
heterogeneity can be explained by evolutionary, ecological but also con-
servation-related factors. Detailed studies will be needed to disentangle 
the relative contribution of these and other factors, and EBBA2 could 
be useful in this respect. As discussed above with regard to the SPEC 
10-km maps, the 10-km maps for Annex I species may also provide 
useful information for a detailed evaluation of conservation strategies 
(Figure 28B).

EBBA1 and EBBA2 provide an interesting framework for ana-
lysing the broad-scale geographical pattern of changes in SPEC and 
Annex I species across time. Considering the species included in the 
latest versions of the respective species lists (2009 for Annex I and 
2017 for SPEC), the overall pattern is one of contrast, with a general 
decrease in SPEC species and a general increase in Annex I species 
(Figure 29). Various preliminary interpretations of these two change 
maps are possible. To a certain extent, the diff erence could be related 
to the higher fl exibility of the SPEC list in tracking real threats to 
species, i.e. the SPEC list better incorporates updated information on 
losses in distribution (one of several criteria used to classify species as 
“of conservation concern” or “threatened”). However, an additional 
(non-exclusive) explanation of the divergence between the two maps 
is that the legal eff orts implemented with regard to Annex I species 
have been successful, or at least have allowed an overall increase in 
distribution of these birds over the 30-year period analysed here. In 
line with evidence supporting the positive role of the Birds Directive 
for bird population trends in Europe (Donald et al. 2007), the results 
presented in this section suggest that the Birds Directive has contrib-
uted to the conservation of species listed in Annex I. Consequent-
ly, the implementation of these policies in eastern and southeastern 
European countries, most of which are members of the Council of 
Europe or the European Union, is seen as an important step towards 
conservation in these areas. 

The Tufted Duck Aythya fuligula, classifi ed as Species of European Conservation Concern, is widely distributed in European Russia. ©Verena Keller
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Figure 27. Number of Species of European Conservation Concern (SPEC 1, SPEC 2 and SPEC 3) shown (A) per 50-km square and (B) per 10-km square, the latter based on EBBA2 
modelled maps (including only the subset of species with modelled maps; see Species accounts and Appendix 2).

Figure 28. Number of species included in Annex I of the EU Birds Directive and/or in Annex I of the Council of Europe’s Resolution No. 6. (A) per 50-km square and (B) per 10-km square, 
the latter based on EBBA2 modelled maps (including only the species with modelled maps; see Appendix 2). In a few cases, the two Annexes I include only some of the subspecies 
occurring in Europe (e.g. Lagopus muta helvetica or Certhia brachydactyla dorotheae); in these cases only the area where these subspecies occurred is considered for the maps.

Figure 29. Changes between EBBA1 and EBBA2 in the number of (A) SPEC species [ERL] and (B) Annex I species and subspecies (included in Annex I - EU Birds Directive and/or in 
Annex I - Resolution No. 6, Council of Europe).
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Non-native species
Distribution patterns
Out of the 596 species recorded in the EBBA2 area, 57 species are 
considered non-native, i.e. they were introduced by man and their 
native range lies completely outside of Europe (Table 10). � is fi gure 
and the statistics shown in this section do not include species that are 
non-native in substantial parts of Europe but native in others (e.g. 
Common Pheasant Phasianus colchicus or Ruddy Shelduck Tadorna fer-
ruginea). Non-native species thus constitute almost 10% of all breed-
ing bird species registered in the atlas period, a marked increase since 
EBBA1, though this could partly be due to the lower reporting rate of 
non-native species in the past. Of the represented bird families, nine are 
completely non-native to Europe. Anatidae and Psittacidae are particu-
larly well represented, followed by Estrildidae and Phasianidae. Most 
non-native species originate from the Afrotropical, the Neotropical and 
the Indo-Malayan realms (Table 10 and Appendix 1). 

Out of the 57 non-native species reported breeding in EBBA2, 24 
are known to breed regularly in more than fi ve 50-km squares (Ta-
ble 10). For the other 33 species, breeding was confi rmed during the 
EBBA2 period in a maximum of fi ve squares (see Appendix 1). � is 
latter group includes species with established but very localised popu-
lations, such as Black-rumped Waxbill Estrilda troglodytes in Spain; spe-
cies with isolated breeding records of just one or a few pairs like White-
cheeked Pintail Anas bahamensis; and species with an uncertain status, 
such as Fischer’s Lovebird Agapornis fi scheri, whose only population in 
France has shown a marked decline. National coordinators provided 

information on a further seven species for which breeding was not con-
fi rmed or which bred only in mixed pairs with native species (see Ap-
pendix 1). Information on non-native species is often poor, however, 
due to the dismissal of “park birds” by many observers, or to the low 
or completely neglected reporting of these species by fi eldworkers or 
coordinators. � is is especially true for species that commonly occur as 
free-roaming domestic birds, such as Indian Peafowl Pavo cristatus, Red 
Junglefowl Gallus gallus and Muscovy Duck Cairina moschata, and are 
often considered (semi-)domesticated rather than naturalised. Despite 
these drawbacks, the EBBA2 data provide a solid foundation for the 
analysis of non-native species distribution in Europe. 

� e current distribution of non-native species in Europe is far from 
anecdotic, with 20 species breeding regularly in more than ten 50-km 
squares (Table 10). Non-native species are very unevenly distributed 
across Europe. While the eastern part of the continent has very few 
non-native species, there are two well-defi ned strongholds further west. 
� e fi rst encompasses the Netherlands and Belgium with a continuous 
zone of more than 10 non-native species per 50-km square, mainly 
waterbirds. � e number of non-native species per square gradually de-
creases towards the neighbouring regions on the mainland and across 
to Britain (Figure 30). A second major area for non-native species is 
found in southwestern Europe, with several (sub)tropical passerine and 
parrot species. � e pattern of species richness of non-native birds in Eu-
rope is shaped by various factors favouring or limiting the distribution 
of individual species and species groups. � e introduction pathways 
are particularly important, both for deliberate releases or unintentional 
escapes. Birds have been and still are deliberately introduced especially 
for hunting (e.g. galliform species). Wildlife collections and trade have 

Table 10. List of non-native bird species in EBBA2 breeding regularly during the EBBA2 period in more than � ve 50-km squares. Species considered native in parts of the EBBA2 area 
and non-native in others are not included.

Species Origin No. 50-km squares
Odontophoridae
Colinus virginianus Nearctic 11–99
Phasianidae
Syrmaticus reevesii Eastern Palearctic 11–99
Chrysolophus pictus Eastern Palearctic <10
Anatidae
Oxyura jamaicensis Nearctic 11–99
Cygnus atratus Australia >100
Branta hutchinsii Nearctic 11–99
Branta canadensis Nearctic >100
Anser caerulescens Nearctic 11–99
Anser indicus Eastern Palearctic 11–99
Alopochen aegyptiaca Afrotropical >100
Aix sponsa Nearctic 11–99
Aix galericulata Eastern Palearctic >100
� reskiornithidae
� reskiornis aethiopicus Afrotropical 11–99
Psittacidae
Myiopsitta monachus Neotropical 11–99
Psittacula eupatria Indo-Malayan 11–99
Psittacula krameri Indo-Malayan and Afrotropical >100
Leiotrichidae
Leiothrix lutea Indo-Malayan 11–99
Sturnidae
Acridotheres tristis Indo-Malayan 11–99
Ploceidae
Euplectes afer Afrotropical 11–99
Ploceus melanocephalus Afrotropical <10
Estrildidae
Estrilda astrild Afrotropical >100
Amandava amandava Indo-Malayan 11–99
Lonchura punctulata Indo-Malayan <10
Viduidae
Vidua macroura Afrotropical <10
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long been major pathways for the introduction of non-native bird spe-
cies and have greatly influenced their current distribution, especially 
across western and southern Europe (e.g. Carrete & Tella 2008). In-
terestingly, after the European Union’s ban on imports of wild-caught 
birds in the year 2005, bird trade into Europe declined sharply (Reino 
et al. 2017). Yet the appearance rate of new non-native bird species in 
Europe did not mirror this change, showing that the influence of bird 
collectors and breeders is now less dependent on direct imports from 
other continents. The colonisation and establishment of non-native 
species is often associated with their ability to use habitats “disturbed” 
by man, not least thanks to their unspecialised feeding habits and their 
occurrence in large (sometimes mixed) flocks; such habitats are less 
suitable for native species (Lever 2005, Bauer et al. 2016b). Climate 
is likely another important factor determining distribution. The con-
centrations of non-native waterbirds in the lowland Atlantic regions, 
of (sub)tropical species in the Mediterranean or parrots in urban areas 
indicate that unfavourable conditions in winter probably limit the dis-
tribution of many species in Europe. 

Changes in distribution
EBBA1 reported the breeding of 18 non-native bird species, consti-
tuting c 3.5% of all breeding species [EBBA1]. These 18 species were 
confirmed as breeding birds in EBBA2, and another 39 non-native 
species were added to the list. The number of effective colonisations 
was thus very high between the two atlases, even considering the less 
comprehensive collection of data for non-native species in the first at-
las. The overall change in the distribution of non-native bird species is 
impressive (Figure 30). A total of 1,251 50-km squares (24% of all sur-
veyed squares) held at least one non-native species in EBBA2, while this 
figure was just 382 (9%) in EBBA1. The number of non-native species 
per 50-km square also strongly increased in areas already occupied by 
at least one species in EBBA1. 

There are some interesting cases that exemplify this overall increase 
in the number of non-native bird species (Table 11). Several parrot and 
estrildid species have established viable populations in south(west) Eu-
rope during the last 30 years, often in environments considerably altered 
by humans, such as Monk Parakeet Myiopsitta monachus and Common 
Waxbill Estrilda astrild. Only exceptionally do the colonisers manage 
to occupy more natural habitats, as in the case of Red-billed Leiothrix 
Leiothrix lutea. The process of invasion is not new and many non-native 
species were already present 30 years ago, among them the Egyptian 
Goose Alopochen aegyptiaca, which in some countries (e.g. Germany) 
has shown the largest areal gain of all breeding species. While most of 

these colonisers have sharply increased in number since EBBA1, a few 
show the opposite pattern, in some cases (e.g. Ruddy Duck Oxyura ja-
maicensis) as a result of measures to control their populations (Table 11). 

Awareness of the potential negative impacts of non-native species 
has risen since EBBA1, and non-native species feature in many global 
and European policies (e.g. Genovesi & Shine 2004, Carboneras et al. 
2018). The data collected for EBBA2 provide an overview of the situ-
ation of non-native bird species in Europe in the 2010s. Populations 
should be monitored more closely, however, to keep track of the dy-
namic changes in distribution and population size. 

Sergi Herrando, Verena Keller, Petr Voříšek, Martí Franch, Hans-Günther Bauer, 
Lluís Brotons, Mark Eaton, Ruud Foppen, Mikhail Kalyakin & Aleksi Lehikoinen

Figure 30. (A) Number of non-native bird species observed per 50-km square in EBBA2 and (B) change in the number of non-native species between EBBA1 and EBBA2. All species 
with confirmed breeding (Table 10 and Appendix 1) included.

Table 11. Non-native species with the highest gains and losses. The columns EBBA1 
and EBBA2 show the number of squares where the species was recorded breeding 
in each atlas. Only squares within the area considered suitable for comparison are 
shown. The change index is based on bootstrapping of the formula (EBBA2–EBBA1)/
(EBBA2+EBBA1); brackets indicate that the magnitude of the index is uncertain. See 
Methods for details.

Species EBBA1  
(No. squares)

EBBA2 
(No. squares)

Change  
index

Gains
Cygnus atratus 0 121 +100
Anser indicus 0 46 +100
Leiothrix lutea 0 25 +100
Threskiornis aethiopicus 0 15 +100
Branta hutchinsii 0 14 +100
Anser caerulescens 0 13 +100
Psittacula eupatria 0 11 +100
Alopochen aegyptiaca 28 378 +86.2
Aix sponsa 6 50 [+78.7]
Aix galericulata 42 290 +74.8
Myiopsitta monachus 9 62 [+74.7]
Psittacula krameri 37 145 [+59.5]
Amandava amandava 7 21 [+50.3]
Estrilda astrild 30 79 [+45.2]
Branta canadensis 357 650 +29.1
Syrmaticus reevesii 37 56 [+20.5]
Losses
Colinus virginianus 17 12 [-17.4]
Chrysolophus pictus 12 7 [-26.7]
Oxyura jamaicensis 50 28 [-28.2]
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