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More than 250 years have passed since 
the 10th edition of Linnaeus’s seminal 
taxonomic work Systema naturæ per 
regna tria naturæ, secundum classes, 
ordines, genera, species, cum char-
acteribus differentiis, synonyms, locis 
(1758). Still today however, the spe-
cies concept debate remains a key 
issue among biologists (mallEt, 
1995; sitEs & marsHall, 2003; HEy, 
2006). The most often assumed defi-
nition of a species is the biological 
species concept (mayr, 1963), which 
defines a species as members of 
populations that interbreed in nature 
according to similarities in appear-
ance and where phenotypic variation 
is grounded in their taxonomic cor-
relations. For instance, according to 
this definition, the majority of bird 
species are distinguished solely based 
on their morphological traits such as 
anatomy, size and plumage patterns. 
The conventional definition of a spe-
cies is, therefore, the “morphological 
species concept”, which recognises 
that each species typically looks dif-
ferent from other species, including 
its closest relatives (NEwtoN, 2003). 
The rise of genetic-based approaches 
capable of accurately discerning phy-
logenetic relationships among closely 
related species and/or individuals, 
however, has led to the common 
acceptance that traditional taxonomy, 

based only on phenotypic variation, 
is not always consistent with species 
molecular phylogenies, i.e. incongru-
ences between gene trees and species 
trees often occur (maddisoN, 1997). 
Avian taxonomy provides numerous 
examples of disagreements at the 
subspecies and genus levels (e. g., 
ball & avisE, 1992; pavlova et al.,
2003; drovEtski et al., 2004a, b, 
2009; ziNk, 2004; arbogast et al., 
2006). Taking these incongruences 
into account, several different species 
concepts have been advocated by 
contemporary biologists, including 
biological, ecological, evolutionary 
and phylogenetic concepts, among 
others (dE QuEiroz, 2007).
After the completion of the chicken 
(Gallus gallus) mitochondrial genome 
(dEsjardiNs & morais, 1990), the 
first applications of polymerase 
chain reaction (PCR) to ornithology 
(kocHEr et al., 1989; Edwards & 
wilsoN, 1990) and, especially, com-
mensurate upon the work of siblEy 
and aHlQuist (1990) on DNA-DNA 
hybridization, molecular techniques 
have brought new insights into the 
evolutionary history, phylogeny and 
classification of birds. Molecular 
studies have a great advantage over 
morphological information since 
the determination of cryptic species 
resulting from convergent evolution 

birds divErsity aNd molEcular tools
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is more readily detected. Molecular 
data may also provide an estimation 
for the time scale over which a par-
ticular evolutionary step has taken 
place (the ‘molecular clock’) and, as 
a consequence, allow both the phylo-
genetic and geographical analyses of 
a group of related organisms (wiNk 
et al., 2002).
Phylogeography, a sub discipline of 
biogeography, allows the tracing of 
historical aspects of the contemporary 
spatial distributions of species and 
gene variability, especially the varia-
tion at the intraspecific level (avisE, 
1996, 1998). Phylogenetic relation-
ships among birds are currently being 
clarified through analyses of DNA, 
providing measures of the genetic 
distances between species, that is, the 
higher genetic similarity is between 
two species, the more closely related 
they are (NEwtoN, 2003; spicEr & 
duNipacE, 2004). Phylogeography, 
and the analyses of nuclear and mito-
chondrial marker genes, are currently 
some of the most important tools for 
the study of species’ evolutionary 
history, namely birds, in the con-
text of palaeoenvironmental changes 
(HEwitt, 1996, 2004; tribscH & 
scHoNswEttEr, 2003). This informa-
tion is relevant, as a detailed knowl-
edge of the evolution and geographic 
variation of a given species will help 
to identify lineages of independent 
evolutionary history, and ultimately 

provide the framework to infer their 
conservation status and future popu-
lation viability. The development and 
integration of biogeographic and evo-
lutionary models within programmes 
for the preservation of bird species, 
especially on islands, will help the 
future integrative protection of unique 
bird species and their habitats.
The Order Passeriformes radiated 
unlike any other avian group, probably 
due to a combination of morpholog-
ical, neurological, behavioural, and 
ecological adaptations (fitzpatrick, 
1988). This large monophyletic group 
of birds, that have diversified on all 
continents and now occupy nearly 
all terrestrial ecosystems (barkEr et 
al., 2004), has been described based 
on a few biometrics including the 
features of the palate, spermatozoa, 
forehand hind limb muscles, and feet 
(raikow, 1982). Beyond these mor-
phological characters, however, pas-
serines also differ from other birds in 
terms of other biological traits. They 
usually have a higher metabolic rate 
than other birds of the same size, and 
they have relatively large brains and 
superior learning abilities, including 
vocalization (sHEldoN & gill, 1996).
Most recent studies of passerine 
relationships suggest that this group 
began to diversify during the Creta-
ceous (barkEr et al., 2002, 2004; 
EricsoN et al., 2002), and it appears 
that they were so successful and radi-
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ated so rapidly during the late Tertiary, 
that the lines of demarcation among-
families and higher groups have now 
become poorly defined (fEduccia, 
1995; spicEr & duNipacE, 2004).
Currently, bird populations on islands 
are used to illustrate the extreme 
character divergence caused by geo-
graphic isolation (NEwtoN, 2003). 
Driven by the renowned association 
between Darwin’s theory of evolu-
tion by natural selection and the 
Galapagos finches (darwiN, 1859), 
island bird populations have become 
a reference point for the study of evo-
lution. Island systems provide critical 
insights to processes underlying the 
evolutionary diversification of species 
(graNt, 1998), and contributed to
the most widely accepted model of 
speciation. That is, the allopatric 
model, which considers that popu-
lations isolated geographically, dif-
ferentiate due to either genetic drift 

(random changes in allele frequencies 
over generations) or founder effects 
(loss of genetic variation that occurs 
when a new population is established 
by a small number of individuals from 
a larger population) (mayr, 1963; 
NEi et al., 1983). In fact, genetic drift 
reduces the genetic variation to a 
magnitude proportionally inverse to 
population size (crow & kimura, 
1970). It is, therefore, expected that 
drift should be pronounced in small 
areas, such as isolated islands, lead-
ing to divergence among populations, 
whereas gene flow (by migration) 
has a homogenizing effect (bartoN, 
1998; slatkiN, 1985). Low rates of 
gene flow and substantial genetic drift 
in small populations are, therefore, the 
most probable explanations for the 
lower genetic diversity generally 
observed in island populations and 
species when contrasted with their 
mainland relatives (fraNkHam, 1997).

tHE azorEs amoNg tHE macaroNEsiaN arcHipElagos

Archipelagos are attractive environ-
ments for the study of evolution for a 
number of reasons, namely: (i), they 
present discrete geographical entities 
within defined oceanic boundaries; 
(ii), gene flow between individual 
islands is reduced by oceanic barri-
ers; (iii), their often small geographic 
areas allow a detailed cataloguing of 

flora and fauna in contrast to conti-
nental systems; (iv), despite their 
small size they can contain a diver-
sity of habitats and (v), they are often 
geologically dynamic, with historical 
and contemporaneous volcanic and 
erosion activities (EmErsoN, 2002). 
In combination, the above factors 
typically translate into high levels of 
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endemism within oceanic island sys-
tems, providing us with a microcosm 
of evolutionary processes. However, 
Island populations are likely to be 
genetically poor, due to possible 
founder effects, isolation from the 
source population, and stochastic 
processes attributable to the limited 
size of the population (wilcoX, 1980;
wildt et al., 1987; HoEzEl et al., 
1993). Although the premises identi-
fied herein explain the usually lower 
bird diversity to be found on islands, 
as compared with continents, 17% 
of all non-marine bird species occur 
only on these systems, giving an 
overall species density nearly four 
times greater than the average for 
continents (NEwtoN, 2003).
borgEs & browN (1999) provided 
a comprehensive review of the four 
major hypotheses that typically explain 
the level of species richness (S) on 
oceanic volcanic islands according to 
certain geographic variables: (i), the 
species-area relationship introduced 
by prEstoN (1962) and further devel-
oped by macartHur & wilsoN 
(1967) in the Theory of Island Bio-
geography states that larger islands 
will provide assemblages with higher 
levels of S; (ii), the altitude range 
hypothesis (baEz, 1987; sjögrEN, 
1990) predicts S as a function of 
maximum altitude, with greater ele-
vations promoting further habitats; 
(iii), in the isolation hypothesis, also 

developed in the Theory of Island 
Biogeography (macartHur & wil-
soN, 1967), S should decrease for a 
given taxonomic group when dis-
tance from the source of species, typi-
cally the nearest mainland, increases 
(i.e., remote oceanic islands will 
have fewer species than those located 
near the mainland); in addition, 
williamsoN (1981) stated that isola-
tion influences the number of endemic 
species (i.e., remote oceanic islands 
will have more endemic species); 
(iv), the time hypothesis (willis, 
1922) predicts that species accumu-
late with time and thus S matches 
each island’s geological age. It 
is known that the number of bird 
species on islands usually respects the 
equilibrium theory of macartHur 
& wilsoN (1967), which correlates 
island area and isolation, stating that 
larger islands will have more species 
and, conversely, remote islands will 
have fewer species.
The archipelagos of volcanic origin 
are even more interesting in that they 
provide insights into the processes of 
evolutionary species’ diversification, 
owing to them: (i), providing exam-
ples of adaptive diversification; (ii), 
have a well-characterized geological 
history and (iii), relatively simple 
ecologies (graNt, 1986; baldwiN & 
robicHauX, 1995; juaN et al., 2000).
The group of archipelagos located 
in the north-eastern quadrant of the 
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Atlantic Ocean, and comprising the 
Azores, Madeira (including the Sal-
vage Islands), Canary Islands and 
Cape Verde, forms the biogeographic 
region of Macaronesia. Such islands 
are scattered across the North Atlan-
tic from the Mid Atlantic Ridge to the 
North African coast, ranging across a 

considerable latitudinal gradient from 
40º to 15º N (figurE 1). The Azores 
is the most isolated Macaronesian 
archipelago, being separated from the 
nearest Continent, Europe, by almost 
1,400 km. Distances between the 
different Macaronesian archipelagos 
and continents are shown in tablE 1.

figurE 1:  Location of the Macaronesian archipelagos.
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TablE 1.  Distances (in km) of the Macaronesian archipelagos from continental Africa
and Europe. Distances were obtained from Google Earth (2012)

Azores Madeira Canary Islands Cape Verde Africa Europe
Azores —  842 1112 2185 1554 1370
Madeira  842 —  430 1895  635  796
Canary Islands 1112  430 — 1295  100  942
Cape Verde 2185 1895 1295 —  571 2621

With the exception of the Azores, 
with a volcanic activity related to the 
Mid-Atlantic ridge, the origins of the 
Macaronesian islands lie within the 
African plate. Their formation began 
around 80 million years ago (My), 
gradually building the submarine 
platforms for the East Canaries and 
Salvage Islands. The oldest island 
system to rise above sea level was 
the Salvage Islands, around 27 My, 
followed by the Canary Islands (20 
My), Madeira (15 My), and finally 
Cape Verde and the Azores, around 
10 and 8 My, respectively (fraNça et 
al., 2003; wHittakEr & fErNáNdEz-
palacios, 2007). The climatic pat-
terns in these groups of islands range 
from the cool-oceanic in the Azores 
to the oceanic tropical monsoon-drift 
in Cape Verde islands, with the Medi-
terranean climates of Madeira and the 
Canary Islands between (fErNáNdEz-
palacios & dias, 2001).
The geographic locations of the 
Macaronesian islands, their volcanic 
formation and singular ecological 
conditions and isolation (they were 

never part of a continent), present a 
distinctive biogeography with the 
existence of unique species and com-
munities, and are included in the 
Mediterranean biodiversity hotspot 
(myErs et al., 2000). The numbers 
of unique endemic species and sub-
species of terrestrial fauna and flora 
for these archipelagos has been esti-
mated at > 6,000: 452 for the Azores 
(borgEs et al., 2010), 1,419 for 
Madeira (Borges et al., 2008), 3,672 
for the Canary Islands (izQuiErdo
et al., 2004), and 540 for Cape Verde 
(arEcHavalEta et al., 2005).
In terms of bird species, there are 
86 regular breeding species in the 
Canary Islands, 41 in Cape Verde, 
38 in Madeira and 35 in the Azores 
(OlivEira & mENEzEs, 2004; lópEz-
jurado et al., 2005; rodriguEs et al., 
2010; garcia-dEl-rEy, 2011), but 
the number of regular migrants and 
rare vagrants in all these archipelagos 
is in the order of several hundred 
species (clarkE et al., 2006).
The Azores archipelago (figurE 2), 
due to its geographic isolation in the
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figurE 2:  The Azores archipelago.

centre of the North Atlantic Ocean, 
between latitudes 36º 55' and 39º 43' 
North, and longitudes 24º 46' and 
31º16' West, about 1,400 km from 
Europe and 1,900 km from North 
America, could become a natural lab-

oratory with a strong potential for the 
study of evolution. The Azores is a 
volcanic oceanic archipelago consist-
ing of nine islands and several islets 
of recent volcanic origin (tablE 2), 
which are spread over >600 km along

tablE 2:  Physical and geological features of the Azores islands; geological data adapted 
from França (2003) and Hildenbrand et al. (2008); 2001 physical features adapted from 

Instituto Hidrográfico (2010)

Island Area
(km2) Inhabitants Density

(Inhab./km2)
Maximum

altitude (m)
Maximum

isotopic age (My)
Santa Maria 97 5500  58  587 8,12
São Miguel 757 132000 176 1103 4,01
Terceira 402 56000 141 1023 3,52
Graciosa  62 4800 78 402 2,5
São Jorge 246 11000 41 1053 1,3
Pico 433 15000 33 2351 0,25
Faial 172 15000 87 1043 0,73
Flores 142 4000 28  915 2,16
Corvo  17 400 25  718 0,71

Total 2344 241763 103
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a northwest-southeast line (fraNça 
et al., 2003). The oceanic distribu-
tion of these islands and, as a conse-
quence, their relative positions, has 
led to the formation of the following 
groups: (i), a western group, compris-
ing the islands of Flores and Corvo; 

(ii), a central group, with the islands 
of Faial, Pico, São Jorge, Terceira 
and Graciosa and (iii), an eastern 
group, made up of the islands of São 
Miguel and Santa Maria. Distances 
between the various Azorean islands 
are shown in tablE 3.

tablE 3:  Distances (in km) among the Azores islands.
Distances obtained from Google Earth (2012)

Island Corvo Flores Faial Pico S. Jorge Graciosa Terceira S. Miguel S. Maria
Corvo — 18 230 256 261 269 336 497 596
Flores — 220 247 265 267 332 491 585
Faial —   6  31  68 108 253 345
Pico —  18  60 66 200 295
S. Jorge —  37  38 183 285
Graciosa —  57 223 330
Terceira — 137 245
S. Miguel —  80
Santa Maria —

The geological and geographic char-
acteristics of the Azores plus its eco-
logical heterogeneity have led to the 
inclusion of the archipelago, along 
with the rest of the Macaronesian 
biogeographic archipelagos, in an 
Endemic Bird Area (stattErsfiEld 
et al., 1998).
The Azores have a temperate, mari-
time climate and the weather is 
influenced by the anticyclonic 
conditions present on the east-
ern side of the North Atlantic 
(the Azorean anticyclone), and the 
islands are situated in the junction 

of the temperate and subtropical 
zones. When the Azorean anticyclone 
extends to the south of the islands, 
the weather conditions are typical of 
a temperate zone, with depressions, 
coming from the west (the prevailing 
winds). When the Azorean anticy-
clone is centred south of the islands, 
subtropical weather conditions 
prevail, with winds from the east 
(azEvEdo, 2006). The annual median 
air temperature is ~17ºC, varying 
between 13ºC and 14ºC during the 
winter and 22 to 23ºC in the summer. 
Precipitation rises with latitude and 
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altitude, with Santa Maria being the 
driest island. Rainfall also varies 
greatly from place to place on each 
island and from year to year. Over the 
archipelago, the annual average pre-
cipitation is 1,930 mm (DROTRH/
INAG, 2001; CLIMAAT, 2011).
At the time of the discovery of the 
Azores archipelago by the Portu-
guese in 1427, a dense Laurel forest 

covered the islands. However, since 
then, production forests and pasture 
have replaced the natural habitat, 
and even the surviving remnants of 
natural habitats are almost all invaded 
by an invasive flora. Nevertheless, it 
is still possible to find small areas 
of pristine natural forest in Flores, 
Pico and Terceira (baNNErmaN & 
baNNErmaN, 1966; sjögrEN, 1984).

aN ovErviEw of tHE brEEdiNg avifauNa of tHE azorEs

In spite of the isolated geographical 
location of the Azores in the middle 
of the Atlantic Ocean, and the pre-
vailing westerly winds, all regularly 
breeding species have a Palearctic 
origin (tablE 4).
Among the breeding species, there 
is the Azores bullfinch (Pyrrhula 
murina), the only Azorean endemic 
passerine and one of the most threat-
ened European species, which nests 
exclusively in the Laurel forest of 
Pico da Vara, on the eastern part of 
São Miguel (ramos, 1994), and 
Monteiro’s storm-petrel (Oceano-
droma monteiroi), the only Azorean 
endemic seabird, which nests on only 
two small islets off Graciosa (boltoN 
et al., 2008).
The remaining populations of marine 
birds are among the most important in 
Europe (moNtEiro et al., 1996a). The 
Azores archipelago harbours the larg-

est population of Cory’s shearwater 
(Calonectris diomedea borealis) in 
the world. Although this species is 
not considered globally threatened 
(BirdLife International, 2009), its 
distribution is restricted to the sub-
tropical north-eastern Atlantic and 
the Mediterranean and their breed-
ing population has declined abruptly 
in the recent years (rodriguEs et al.,
2012). The concentrations of the 
band-rumped storm-petrel (Oceano-
droma castro) and little (or Macaro-
nesian) shearwater (Puffinus baroli)
in the Azores are also significant. 
Further, the archipelago has a small 
population of Manx shearwater (Puf-
finus puffinus) on the islands of the 
western Group, and a residual popu-
lation of Bulwer‘s petrel (Bulweria 
bulwerii) on Santa Maria. Individuals
of one of the most threatened Euro-
pean species, Fea’s petrel (Pterodroma
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tablE 4:  List of the breeding birds of the Azores.
Adapted from rodrigues et al., 2010. * – Sporadic breeders; E – endemic to the Azores; 

M – endemic to Macaronesia; n – native; i – introduced

Species Corvo Flores Faial Pico S. Jorge Graciosa Terceira S. Miguel Santa Maria
Anas platyrhynchos* n/i x x x
Anas rubripes* N x
Alectoris rufa hispanica I x x x
Coturnix coturnix conturbans N x x x x x x x x x
Oceanodroma castro N x x
Oceanodroma monteiroi E x
Bulweria bulwerii N x
Calonectris diomedea borealis N x x x x x x x x x
Puffinus baroli baroli M x x x x x x x x
Puffinus puffinus N x x x x
Phaethon aethereus mesonauta* N x
Buteo buteo rothschildi E x x x x x x x
Fulica atra atra* N x x x
Gllinula chloropus chloropus N x x x x
Charadrius alexandrines N x x x x
Charadrius vociferus* N x
Larus michahellis atlantis E x x x x x x x x x
Gallinago gallinago gallinago N x x x x x x x
Scolopax rusticola N x x x x x x x
Onychoprion anaethetus* N x
Onychoprion fuscatus fuscatus N x
Sterna dougallii N x x x x x x x x x
Sterna hirundo N x x x x x x x x x
Columba livia domestica I x x x x x x x x x
Columba palumbus azorica E x x x x x x x x x
Streptopelia decaocto * n/i x
Psittaculla krameri I x
Asio otus otus N x x x x x x
Estrilda astrild I x x
Carduelis carduelis parva I x x x x x x x x x
Carduelis chloris aurantiiventris I x x
Fringilla coelebs moreletti E x x x x x x x x x
Pyrrhula murina E x
Serinus canaria M x x x x x x x x x
Motacilla cinerea patriciae E x x x x x x x x x
Passer domesticus domesticus I x x x x x x x x x
Sturnus vulgaris granti E x x x x x x x x x
Regulus regulus azoricus E x
Regulus regulus inermis E x x x x x
Regulus regulus sanctaemariae E x
Sylvia atricapilla gularis M x x x x x x x x x
Erithacus rubecula N x x x x x x x
Oenanthe oenanthe leucorhoa N x
Turdus merula azorensis E x x x x x x x x x
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feae), have also been captured in the 
Azores (moNtEiro and furNEss, 
1995a, b; moNtEiro et al., 1996b; 
moNtEiro et al., 1999). According 
to the chronicles of Frutuoso (1561), 
this species very likely bred in the 
Azores in the past.
The Azores populations of two other 
seabird species, namely the roseate 
tern (Sterna dougallii) and the 
common tern (Sterna hirundo), repre-
sent a large element of the European 
and Portuguese populations, respec-
tively, even though both species are 
relatively common on the global scale 
(gocHfEld, 1983; dEl NEvo et al., 
1993, BirdLife International, 2004).
Among the passerines, besides the 
Azores bullfinch, the Azores has 
populations of the canary (Serinus 
canaria), endemic to Macaronesia, 
and several endemic subspecies, sim-
ilar to the situations in the majority 
of insular systems. Current taxonomy 
indicates that the endemic passerines 
include three subspecies of the gold-
crest (Regulus regulus [R. r. azoricus, 
R. r. inermis and R. r. sanctaemariae]),
and one subspecies of the grey wag-
tail (Motacilla cinerea patriciae), the 
blackbird (Turdus merula azorensis), 
the starling (Sturnus vulgaris granti) 
and the chaffinch (Fringilla coelebs 
moreletti).There is also an endemic 
subspecies of Falconiformes, the 
Azorean buzzard (Buteo buteo roth-
schildi), and one Columbiformes, 

the Azorean wood pigeon (Columba 
palumbus azorica).
Among the species that sporadi-
cally nest in the Azores (tablE 4), 
there are the American black duck 
(Anas rubripes) and the killdeer 
(Charadrius vociferous), both from 
the Nearctic origin, and the sooty tern 
(Onychoprion fuscatus), that reaches 
the northern limit of its distribution 
in the Azores, where its presence has 
been known since 1902 (HartErt & 
olgiviE-graNt, 1905). The Eurasian 
collared dove (Streptopelia decaocto) 
has greatly expanded its local distri-
bution in the last few decades, having 
already arrived in the Azores, and 
breeding was confirmed in 2009 in 
Terceira (Birding Azores team, 2011). 
The rose-ringed parakeet (Psittacula 
krameri) and the common waxbill 
(Estrilda astrild) were recently (and 
accidentally) introduced (Birding 
Azores Team, 2011).
The importance of the Azorean 
avifauna extends beyond breeding 
species, given that every year several 
migratory species originating from 
the Occidental Palearctic and the 
Nearctic arrive on the archipelago. 
The archipelago also provides a 
refuge to rest and regain strength 
before continuing their journeys 
(rodriguEs et al., 2010).
The breeding birds of the Azores and 
the recognized importance of the 
archipelago for migratory seabirds are 
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are a natural heritage not just locally 
but also within the global context 
(rodriguEs & cuNHa, 2011). 
Because of their uniqueness, there is 
a great need to protect and conserve 

the Azorean birds and their habitats, 
especially several endemic terres-
trial species, namely passerines, and 
highly important colonies of seabirds 
(RodriguEs & cuNHa, 2012).

azorEaN passEriNEs as EvolutioNary modEl spEciEs

A good evolutionary model should 
provide evidence of ancient colonisa- 
tion events, non-mediated by humans; 
evidence of phenotypic and/or genetic 
differentiation, either by classic taxo-
nomic studies or by genetic sampling; 
abundant breeding populations on 
several islands; and isolation of insu-
lar populations from migratory conti-
nental populations, which would con-
fuse genetic signatures. According 
to these features, not all the species 
meet the necessary requirements to 
be a good evolutionary model. For 
example, species that recently colo-
nised an isolated region are not suit-
able, such as the common sparrow 
(Passer domesticus) that colonized 
the Azores in 1960 (lE graNd, 1977). 
Some examples of good Azorean 
passerine models for evolutionary 
studies are shown on figurE 3.
There are also orders that act as a better 
evolutionary model than others; Pas-
seriformes show more evolutionary 
plasticity in relation to environmental 
conditions (e.g. diet, habitats) than 
other kinds of animals (e.g. reptiles) 

and other types of birds (e.g. marine 
birds). The same or related species 
of Passeriformes have also been able 
to colonise different island systems, 
allowing for the comparison of differ-
ent island radiations within the same 
taxa (NEwtoN, 2003).
Azorean native Passeriformes can act 
as a model species for evolutionary 
studies because, from the majority 
of the birds that are known to have 
colonised islands, they show smaller 
dispersal rates and reduced gene flow 
between islands and continents due to 
a great geographical isolation, hence 
increasing the probability of popula-
tion differentiation.
Recent decades have seen several 
studies focusing the phylogeography 
and the genetic diversity of the Azores 
passerines, raising new theories about 
the colonization of the Azores and the 
natural evolution of species on iso-
lated archipelagos.
Based on the genetic study of the 
genus Pyrrhula from Eurasia (töpfEr 
et al., 2010), that revealed the genetic 
distance of the Azores bullfinch to
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figurE 3:  Photographic documentation of good evolutionary model species.
1 – Robin (Erithacus rubecula); 2 – Blackbird (Turdus merula); 3 – Blackcap (Sylvia atricapilla);

4 – Goldcrest (Regulus regulus); 5 – Chaffinch (Fringilla coelebs).
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other bullfinches’ populations, it was 
possible to assign a species status to 
Pyrrhula murina from São Miguel 
Island.
Based on the studies of marsHall 
& bakEr (1999), and more recently 
on rodriguEs et al. (2013a), it was 
possible to determine that chaffinches 
have colonized the Azores archi-
pelago around 1.5 million years ago; 
and unveil the genetic distance of the 
chaffinches from the Azores to the 
other populations from Macaronesia 
and from the Continental Western 
Palearctic, raising the hypothesis of 
a new endemic species to the Azores.
päckErt & martENs (2004), re-
vealed two metapopulations of gold-
crests inhabiting the Azores, which 
are recent descendants of continental 
European populations. rodriguEs 
(2012), based on genetic and mor-
phometric issues raises the hypothe-
sis of a new evolutionary unit present 
solely on Flores Island.
NEvEs et al. (2010) investigated the 

genetic divergence between the Euro-
pean starling in the Azores and other 
European populations, and their 
results showed a significant genetic 
differentiation between the Azores 
and the other European populations.
On the other hand, other studies 
revealed that some Azorean native 
passerines have a small or no genetic 
differentiation to other populations 
from Macaronesia and from Europe, 
namely the canary (diEtzEN et al., 
2006), blackcap (diEtzEN et al., 2008),
and robin (rodriguEs et al., 2013b), 
meaning that the colonization of the 
Azores by these species occurred 
very recently.
It is therefore important to provide a 
comprehensive and accurate descrip-
tion of the phylogeographic history of 
the Azorean passerines. This would 
provide a framework to understand 
the role of evolutionary processes 
in shaping the past ecology of these 
species, so that we can assist with 
their conservation in a near future.
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