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LOnG-TErM ChAnGES In MOUnTAIn pASSErInE
bIrD COMMUnITIES In ThE SIErrA nEvADA
(SOUThErn SpAIn): A 30-yEAr CASE STUDy

CAMbIOS A LArGO pLAzO En LAS COMUnIDADES
DE AvES pASErIfOrMES En SIErrA nEvADA

(SUrESTE DE ESpAñA): Un CASO DE ESTUDIO DE 30 AñOS

regino zAMOrA1 * and José Miguel bArEA-AzCón2

SUMMAry.—Shifts in composition and abundance of bird communities were studied along an
elevational gradient in the Sierra nevada (S. Spain), comparing censuses made at the same locations in
the 1980s and during 2008-2012. Censuses were made in three representative ecosystems: 1) pyrenean
oak woodland, 2) high-mountain juniper scrubland, 3) high-mountain summits. In a global change
context, avian-community dynamics are related mainly to changes in two of the following drivers:
climate change and land-use change occurring over the past 30 years. Our results show a continuous
turnover of the bird community, with an overall 27% change in species composition, in an ecological
setting that has changed little, especially in the high-mountain scrubland and summit areas. We detected
an increase in species diversity relative to the 1980s, mostly in the pyrenean oak woodland. Moreover,
our results also show a sharp decrease in bird density during the 30-year study period, chiefly affecting
the dominant species of the 1980s in the pyrenean oak forest and in the high-mountain scrubland. In the
high-summit ecosystems, the decline of alpine species has paralleled the uphill expansion of some
mediterranean ones. The outcome of these processes is a community in continuous flux, both in
composition and abundance, where interannual variability is similar to interdecadal variability. We
conclude that the bird communities of Sierra nevada are showing strong spatial and temporal dynamics
that are now accelerating, perhaps because of global warming.

Key words: climate change, elevational gradient, land-use changes, long-term changes, passerine
birds, Sierra nevada.

rESUMEn.—Se estudian los cambios en la composición y estructura de las comunidades de aves de
Sierra nevada (S. España) en un gradiente altitudinal, comparando estudios realizados en las mismas
localidades en la década de 1980, y en el periodo 2008-2012. Los censos se realizaron en 3 ecosis-
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InTrODUCTIOn

Mountain ecosystems constitute excellent
laboratories for studying species turnover
and replacement since they present natural
gradients of biotic and abiotic factors across
relatively limited spatial ranges. Among
mountain vertebrates, birds represent the
most taxonomically and functionally diverse
group, and show high species turnover and
replacement (Terborgh, 1971; Terborgh and
Weske, 1975; prodon et al., 2002; ruggiero
and hawkins, 2006). for this reason, birds
are a favourite model for ecological studies
of geographical distribution (huntley et al.,
2007). In fact, a growing body of evidence
supports the idea of the reshuffling of native
bird assemblages subject to global change
drivers (mostly climate and land-use change),
where some species may come to dominate
communities whereas others incur detrimen-
tal impact (Devictor et al., 2008a; barnagaud
et al., 2011).

On mountaintops, cold weather may
constrain the diversity of bird species by
limiting resources or posing physiological
constraints (Meléndez and Laiolo, 2013).
At lower levels, however, land-use changes

constitute one of the most significant trans-
formations in recent decades, dramatically
affecting biodiversity, being even more im-
portant than climate in influencing species
diversity at lower elevations (Lomolino,
2001; Suarez-Seoane et al., 2002). Although
habitat loss has primarily threatened lowland
species, rural land abandonment during the
last century has encouraged the recolonisa-
tion of vegetation and the spread of forest in
less productive mountain regions (Gil-Tena
et al., 2009). The reduction of forestry activi-
ties and the subsequent abandonment of
charcoal production have boosted the trend
from open woodland to dense forests of
advancing age (roura-pascual et al., 2005).
furthermore, the abandonment of grazing in
mountain areas has also led to significant
changes in vegetation composition and struc-
ture, with significant effects on bird species
diversity and abundance, especially below
the timberline (Laiolo et al., 2004).

As well as land-use changes, mountain
species are now facing the additional threat of
warming temperatures that increasingly dis-
place them towards mountaintops (Williams
et al., 2003; pimm et al., 2006). Widespread
evidence of poleward and uphill distribu-
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temas representativos de Sierra nevada: 1) bosques de roble melojo, 2) enebrales y sabinares de alta
montaña, 3) zonas de cumbres. Las dinámicas de las comunidades de aves se relacionan principal-
mente con los cambios provocados por los siguientes motores: cambio climático y cambios de uso del
suelo. nuestros resultados muestran un continuo reemplazo en las comunidades de aves durante los
últimos 30 años (en general un cambio próximo al 27% en la composición específica), pero que son de
una magnitud similar a los cambios interanuales que ocurren en el período más reciente (2008-2012).
hemos detectado un incremento en el número de especies en la actualidad con respecto a 1980s, prin-
cipalmente en el bosque de roble melojo. por otra parte, nuestros resultados muestran un descenso
pronunciado en la densidad de aves durante este lapso de tiempo de 30 años, principalmente en las
especies dominantes en 1980s en el bosque de roble melojo y en los enebrales y sabinares de alta mon-
taña. En las zonas de cumbres, la pérdida de especies alpinas ha estado acompañada en paralelo de la
expansión de algunas especies mediterráneas. podemos concluir que las comunidades de paseriformes
de Sierra nevada muestran una fuerte dinámica espacio-temporal, que en la actualidad se está acele-
rando, tal vez a causa del cambio global.

Palabras clave: aves paseriformes, cambios a largo plazo, cambio climático, cambios en los usos
del suelo, gradiente altitudinal, Sierra nevada.



tional shifts suggests that many species,
from diverse taxonomic groups, are rapidly
responding to climate change (Thomas and
Lennon, 1999; Walther et al., 2002; parmesan
and yohe, 2003; root et al., 2003; hickling
et al., 2006; Wilson et al., 2007). recent
studies concerning the impact of climate-
change on montane regions have variously
documented declining species richness with
elevation (Wilson et al., 2007), increasing
richness with elevation (Grabherr et al.,
1994; popy et al., 2010), and elevation-
dependent (forister et al., 2010) or region-
dependent (pauli et al., 2012) richness
changes. All these changes can be reversed,
masked or exacerbated by land-use changes
(Clavero et al., 2010), causing non-random
species distributional shifts in mountain
areas. This view, however, contrasts with the
seminal idea of robert MacArthur (1972),
who described the communities of montane
systems as simply special cases of the equi-
librium/island paradigm, hosting small and
unstable populations maintained by external
immigration.

In this paper, we compare bird censuses
conducted within the same locations of a
high mediterranean mountain (the Sierra
nevada, southern Spain) over a 30-year
period. We focus on temporal changes in
avian community composition and abun-
dance since birds are thought to respond
more readily to climate change (Araújo and
pearson, 2005) and have been the subject
of many studies searching for evidence of
poleward shifts (Thomas and Lennon, 1999;
valiela and bowen, 2003; brommer, 2004;
hickling et al., 2006). Documenting commu-
nity turnover and range shifts is an integral
part of understanding how species and com-
munities have responded to environmental
change and how they might react to future
environmental swings. A key documentary
strategy is the use and resurvey of historical
occurrence data. In our case, the published
data available enable us to infer species

turnover and/or change in population size
over the past 30 years. This comparison has
been focused on species composition, abun-
dance and distribution on a spatial (eleva-
tional gradient) scale, considering a gradient
of habitats, from relict pyrenean oak Quercus
pyrenaica forest and high-mountain scrub-
land, to the high-mountain summits. The
following pertinent questions are addressed:
1) Are there significant shifts in the compo-
sition and abundance of the bird community?
2) Are there significant shifts in elevational
distribution? These questions are examined
within a global change framework, relating
avian community dynamics to changes in the
following two drivers: climatic change and
land-use change occurring over the past 30
years in the Sierra nevada. We predict that,
in a global change scenario, the bird com-
munity of high mountains will become in-
creasingly similar to that of lowland habitats,
such as open mediterranean steppe, with a
loss (or decline) of unique elements of high-
mountain fauna, and a gain of more common,
generalist and widespread lowland species.

METhODS

The present study was conducted in the
Sierra nevada national park (SE Spain).
historical information was compiled by r.
zamora during the early 1980s (zamora and
Camacho, 1984; zamora, 1987; 1988a, b;
1990). recent censuses were conducted
from 2008 to 2012 by the Global Change
Observatory of Sierra nevada (by J. M.
barea-Azcón, rangers of the Sierra nevada
national park and collaborators), this en-
tailing resurveys of the same historical sites,
using the same methodology as zamora and
Camacho (1984) and zamora (1987; 1988a, b;
1990). A description of the three study sites
(fig. 1) follows.

Site 1 (1700 m.a.s.l). Mediterranean wood-
land composed mainly of relict pyrenean oak
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and several scrubland species (Berberis his-
panica, Prunus ramburii, Rosa canina and
Crataegus monogyna). Quercus forests were
heavily managed for charcoal, pastureland
creation and wood production until the 1950s,
so that the current trees are mostly resprouts
60-70 years old. Dense and cleared forest
patches alternate with pasturelands and
scrublands, mainly at the upper limit of the
forest where a typical mountain scrubland
is mixed with an open forest structure. 

Site 2 (2200 m.a.s.l). The vegetation
is composed mainly of common juniper
Juniperus communis (with a cover of at
least 40%), savin juniper Juniperus sabina,
Cytisus galianoi and Genista baetica. The
scrub rarely exceeds 60 cm in height and is
intermingled with rocks and stony ground.

Site 3 (3100 m.a.s.l). A typical alpine
landscape characterised by rocky outcrops
that originated from glacial activity, pasture-
land, small snowfields and glacial lagoons.

Bird surveys

bird censuses were made during the 1981
breeding season (May, June, and July)
(zamora and Camacho, 1984) in the pyre-
nean oak forest; during the 1982, 1984 and
1985 breeding seasons in the high-mountain
scrubland (zamora, 1987; 1988a), and during
the 1982 breeding season on the high-moun-
tain summits (zamora, 1987). historical tran-
sects were marked on maps. recent data for
bird communities of the same three habitats
were collected in 2008, 2009, 2010, 2011 and
2012, also during the breeding seasons
(May, June and July) under the a long-term
monitoring programme that started in the
Sierra nevada in 2008 (http://obsnev.es).

The sampling procedure was the line-
transect method (verner, 1985), with a band-
width of 50 m, 25 m on each side of the line.
Transect lengths ranged from 2.6 to 3 km in
the pyrenean oak forest and from 2.5 to 4 km
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fIG. 1.—The study area (Sierra nevada national park and natural park) showing the distribution of
the three study sites.
[Área de estudio (Parque Nacional y Natural de Sierra Nevada) en donde se muestra la localización
de los tres lugares de estudio.]



in both the Juniper scrubland and the high-
mountain summits. Sight and sound records
within the sample area were accepted as
contacts. All transects were sampled in the
early morning, under appropriate climatic
conditions.

To test for between-observer differences,
simultaneous censuses were performed by
r. zamora, J. M. barea-Azcón and f. J.
Contreras (the Sierra nevada national park
ranger who is usually involved in transect
counts). We conducted the same transect on
the same day and at the same hour, but
recorded observations independently. This
procedure was repeated twice. The results
were later compared in order to analyse
differences in species identification and
abundance. The three species lists were the
same, while abundance assessments differed
between observers by less than 12% on
average. We therefore conclude that the
differences between current and historical
data are due to real variations in bird com-
munity density and composition, and are not
significantly influenced by differences in
observer ability.

The analysis of bird-survey observations
was limited to breeding communities (repro-
ductive period = May, June, July), because
this is the period when the birds are most
attached to a specific habitat, and some
species are summer visitors. The sampling
effort in both survey periods was also simi-
lar and there are sufficient censuses to allow
statistical comparisons (sampling effort in
the early 1980s was: six censuses in the pyre-
nean oak forest in 1981, nine in the Juniper
scrubland in 1982, eight in 1984 and 1985,
respectively, and four on the high-mountain
summits in 1982; sampling effort in 2008-
2012 was: 16 censuses in the pyrenean oak
forest, 14 in the Juniper scrubland and nine
on the high-mountain summits).

The line-transect method is ideal for
sampling medium to small birds occupying
a defined given habitat (Eberhardt, 1978;

verner, 1985) but not for far-ranging birds
such as raptors and some corvids (common
raven Corvus corax and red-billed chough
Pyrrhocorax pyrrhocorax) that are present in
the study area (Garzón and henares, 2013).
for this reason, these latter species were
excluded from our comparative analysis.

To analyse the degree of temporal changes
in bird community composition, we measured
compared the 1980s and the present day
species lists for each habitat using Sorensen’s
(1957) similarity index (IA): IA = 2c/A + b
where, A = the total number of species
recorded in 1980s, b = the total number of
species recorded at present, and c = the
number of species common to both sampling
periods. The index values range from 0 (no
species in common between the samples)
to 100 (all species in common). The mean
number of species found during each survey
season in the 1980s was compared with the
corresponding mean from 2008-2012. 

Abundance was calculated in terms of
birds/10ha. All counts in one month were
averaged, and the yearly result was obtained
from the average of all the months studied.

non-parametric analyses (Mann-Whitney
U test) were conducted to analyse density
changes between the two periods. The SpSS
statistical package, ver. 18.0 for Windows
(SpSS Inc., Chicago, IL, U.S.A.) was used
for the statistical analyses.

Land-use changes

Our main objective was to determine
variations in pyrenean oak forest and in
common juniper numbers and cover. for
this, we analysed aerial images taken in 1977
and 2010. The detailed delineation of plant
formations was superimposed over aerial
orthorectified photographs, with 5-m reso-
lution for both dates. Thus, sites within the
same areas where the censuses were made
were selected for comparisons between
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the two dates. for this, a series of circular
1-ha plots were randomly distributed along
the transect, the centre of each plot being
situated on the transect line. Individual

pyrenean oaks as well as common junipers
were counted within the circular plot and
the coverage of these species estimated for
1977 and 2010.
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fIG. 2.—Aerial images from 1977 and 2010 of the same areas of pyrenean oak forest, mediterranean
high-mountain scrubland and high-mountain summits of the Sierra nevada (see methods for the sam-
pling description).
[Imágenes aéreas tomadas en 1977 y 2010 en las mismas áreas del robledal, del matorral de alta mon-
taña y de la zona de cumbres de Sierra Nevada (ver metodología para la descripción de muestreo).]



Climatic data

Annual temperature and rainfall averages
for the Sierra nevada were determined by
applying the climate-mapping method pro-
posed by ninyerola et al. (2000), taking as
input the daily records between 1980 and
2008 from 378 weather stations within the
Information System of the Global Change
Observatory of Sierra nevada (http://obs
nev.es/linaria.html – free access upon regis-
tration). The temporal trend for each climatic
variable was calculated using the non-para-
metric Mann-Kendall test (Kendall, 1975;
Mann, 1945). The slope of the trend was
estimated through the Theil-Sen slope esti-
mator (Theil, 1992; hirsch et al., 1982).
Significant trends were considered with
p-values < 0.05.

rESULTS

Land-use changes (fig. 2)

In pyrenean oak woodland at 1700 m.a.s.l.
(site 1), our data show a 9% increase in
pyrenean oak density (trees/ha) and a 5%
increase in cover (proportion of ground
occupied by trees).

In high-mountain scrublands at 2200 m.a.s.l
(site 2), the area covered by common juniper
has undergone very little change over the past
30 years (< 2% of juniper coverage increase).

On high-mountain summits at 3100 m.a.s.l
(site 3) we detected no changes over the past
three decades. The landscape is mostly rocky
with plant cover restricted to pasturelands
and wet meadows around small glacial lakes
and ponds.

Overall, there have been no significant
changes in land use since the early 1980s to
the present, except for the growth and den-
sification of Quercus woodland, which has
resulted in a forest with a more closed
canopy. The high mountain summits remain
largely unchanged.

Climate changes (fig. 3)

no significant trends were detected for
the last three decades in average rainfall
(t = – 0.024, p = 0.866). On the other hand,
average temperature showed a positive but
non-significant trend (t = 0.0197, p = 0.895),
whereas minimum temperatures showed a
positive (t = 0.4532) and significant (p =
0.00059) trend, with an average increase of
0.103°C/year for this period.

Bird community changes

a) Are there significant shifts in species
composition and abundance?

At 1700 m.a.s.l., in the pyrenean oak
woodland (site 1), the early 1980s surveys
recorded 21 passerine species whereas the
2008-2012 surveys recorded a total of
31 species, but an average of 18.8 ± 3.7
species/year (Supplementary Electronic
Material). Of these, 18 species were common
to both periods, representing 37.9% species
turnover between the two temporal surveys.
This turnover is similar to those found when
comparing similarities in the specific compo-
sition of nearby communities in time; for
example, when censuses from 2008 are
compared with censuses from 2009, 2010,
2011 and 2012, the average turnover is
35.2% in the oak woodland. Some species
that were absent in the 1980s are frequently
detected today; they include the long-tailed
tit Aegithalos caudatus, subalpine warbler
Sylvia cantillans, crested tit Lophophanes
cristatus, firecrest Regulus ignicapilla and
Eurasian nuthatch Sitta europaea. Con-
versely, the golden oriole Oriolus oriolus
and European goldfinch Carduelis carduelis
were common in the early 1980s but absent
during 2008-2012. In addition, a conspicuous
decline in population densities was also de-
tected. The most striking examples of this in-
clude bonelli’s warbler Phylloscopus bonelli
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(U = 1; z = –3.53; n = 6, 16; p = 0), blue tit
Cyanistes caeruleus (U = 0; z = –3.33; n = 6,
16; p = 0.001), Eurasian jay Garrulus glan-
darius (U= 0; z= –3.58; n = 6, 16; p = 0)
and common blackbird Turdus merula (U = 0;
z = –3.587; n = 6, 16; p = 0). Such a notable
decline in formerly dominant species has led
to a thinning of the overall community densi-

ty over the past three decades in the pyrenean
oak woodland (from 108.1 birds/10 ha in the
1980s to 37.5 birds/10 ha in 2008-2012; see
Supplementary Electronic Material for the
raw data).

At 2200 m.a.s.l., in juniper scrub (site 2),
we recorded 12 species in the 1980s (9.7 ± 1.5
species/year) and 14 species in 2008-2012
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fIG. 3.—Trends in temperature (A) and precipitation (b) from 1980 to 2008.
[Cambios en la temperatura (A) y en la precipitación (B) desde 1980 a 2008.]



(9.4 ± 1.1 species/year), nine of these being
common to both periods, with species
turnover representing 29.07% between the
two surveys. however, this turnover is some-
what greater than that found when comparing
similarities in the species composition of
nearby communities over time. for example,
when censuses from 2008 are compared with
censuses from 2009, 2010, 2011 and 2012 in
juniper scrub, the average turnover is 25%.
The Thekla lark Galerida theklae, common
stonechat Saxicola rubicola and spectacled
warbler Sylvia conspicillata were detected in
2008-2012 but not in the 1980s, whereas three
species were detected three decades ago but
not in 2008-2012: the common whitethroat
Sylvia communis, ortolan bunting Emberiza
hortulana and common blackbird. particu-
larly striking is the reduction in the density
of two dominant passerine species since the
1980s: northern wheatear Oenanthe oenanthe
(U = 11; z = –4.11; n = 12, 18; p = 0) and
rock bunting Emberiza cia (U = 33; z =
–3.18; n = 12, 18; p = 0.001). Consequently,
the overall community density has decreased
from 30.2 to 10.5 birds/10 ha (see Supple-
mentary Electronic Material for the raw data).

At 3100 m.a.s.l., on the high-mountain
summits (site 3), we observed three species
during the breeding season in the 1980s and
five species in 2008-2012 (4 ± 0.8 species/
year); three of these are common to both
periods, species turnover representing 13.4%
between the two temporal surveys. This
turnover is somewhat lower even than those
found when comparing similarities in the
species composition of nearby communities
in time; for example, when censuses from
2008 are compared with censuses from 2009,
2011 and 2012 the average turnover is 16%
for the high-mountain community. The alpine
accentor Prunella collaris, northern wheatear
and black redstart Phoenicurus ochruros
were present both in the 1980s and during
2008-2012, whereas the common linnet
Carduelis cannabina and dunnock Prunella

modularis are newcomers to the high-moun-
tain summits. There has thus been commu-
nity enrichment and also a slight increase in
bird density (from 4.0 to 4.87 birds/ha). The
dominant species in this community during
the early 1980s show a nonsignificant decline
(northern wheatear: U = 13.00; z= –1.68;
n = 5, 11; p = 0.094 and alpine accentor:
U = 15; z = –1.43; n = 5, 11; p = 0.153).

b) Are there significant shifts in altitudinal
distribution?

We established three sampling points along
the altitudinal gradient, so we have limited
spatial resolution with which to analyse spa-
tial shifts. nevertheless, when comparing
the 2008-2012 data with the historical distri-
bution records (1980s), some changes are
evident, particularly in the high-mountain
zone, where some species show an upward
shift in their distribution. for example, we
have detected an evident upward shift by
the black redstart and common linnet, but
also some downward shifts (fig. 4). both
the black redstart and common linnet have
increased their breeding populations on the
high mountain summits, whereas the density
of the breeding population of these species in
juniper scrub has thinned (fig. 4). On other
hand, the thekla lark, common stonechat and
spectacled warbler were seen in the high-
mountain juniper scrubland in 2008-2012
but not in the 1980s, presumably showing an
upward shift in their distribution.

DISCUSSIOn

We detected a similar number of species in
2008-2012 and in the 1980s in the pyrenean
oak woodland, high-mountain scrubland and
on the high-mountain summit. however,
there were noteworthy temporal changes,
both inter-decadal and inter-annual, in the
breeding bird communities during the study
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period. Species composition has changed
markedly, following a clear elevational gra-
dient in species turnover in which the pyre-
nean oak forest (the richest community) saw
the greatest changes and the high summits
(the poorest one) the least. A null model of
random variation in community composition
would indeed produce the same pattern, with
the greatest changes found in the richest
community. Thus, it is important to ascertain
whether this high turnover is attributable to
non-random environmental changes during

the last 30 years or whether it is related more
to the stochastic processes of extinction-
colonization occurring in the small upland
populations of species (McArthur, 1972). 

Many factors can change avian commu-
nity composition, and land-use change and
vegetation shifts are the most likely causes
of avian species turnover and richness shifts
(yahner, 1997). In the Sierra nevada a trend
towards vegetation closure and spread in the
pyrenean oak forest (1700 m) is evident;
there has been a slight increase in juniper
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fIG. 4.—Elevational changes in the distribution and abundance of the common linnet (A) and the black
redstart (b) between the early 1980s censuses and the present day.
[Cambios altitudinales en la distribución y abundancia del pardillo (A) y del colirrojo tizón (B) entre
los censos realizados a comienzos de los años 80 y los censos realizados en la actualidad.]



scrub cover at 2200 m but no appreciable
change at the summit (3100 m). The results
clearly show a sharp population decline in
most species that were dominant in the
pyrenean oak forest in the 1980s, when
some species, such as the blue tit, common
chaffinch Fringilla coelebs and bonelli’s
warbler were much more abundant then
than now. The growth and densification of
pyrenean oaks during the last 30 years must
have significantly altered the landscape
structure from the standpoint of its suitability
as breeding habitat for many species, leading
to declines in some species more associated
with open forest, e.g. the Eurasian jay and
common blackbird, and increases in some
others more associated with mature forests,
such as the Eurasian nuthatch or even the
long-tailed tit, which are newcomers. In fact,
in the 1980s the breeding-bird density was far
higher on the forest edges in comparison with
the more homogeneous and dense pyrenean
oak stands (zamora, 1984). Thus, forest
maturation may have played a fundamental
role in shaping bird community changes
during the past 30 years in the Sierra neva-
da, fostering significant species turnover,
with ten more species now present than in
the 1980s (see Supplementary Electronic
Material) but reduced population densities
during the breeding season (see also Gil-Tena
et al., 2009, Suárez-Seoane et al., 2002).

Some changes were also detected in the
total number of bird species in the juniper
scrubland (12 species in the 1980s, 14 in
2008-2012), despite sharp declines in popu-
lations of the dominant species (northern
wheatear and rock bunting). In the case of the
northern wheatear, a long-distance migrant,
the population change is consistent with a
widespread decline throughout Europe (Long-
Term pan-European trend 1980-2009: –66%;
http://www.ebcc.info/trends2011.html) and
may be related to ecological constraints out-
side the Sierra nevada, in the wintering areas
(vickery et al., 2014). In addition to these

Afro-palearctic migrants, other species breed
throughout the entire altitudinal gradient,
presenting the highest densities at lower alti-
tudes in the case of rock bunting (zamora,
1987). for these, high-mountain habitats
represent the edge of their distributions in
the Sierra nevada, so that the occupancy of
this marginal habitat depends on population
sizes in the most suitable habitats located at
lower elevations. Our results also show a
sharp decrease in bird density over a period
of 30 years, mainly of the dominant species
in the 1980s in the pyrenean oak forest and in
the high-mountain scrubland. In the high-
summit ecosystems, the decline of alpine
species has paralleled the uphill expansion
of some mediterranean ones.

Overall, an average turnover of 27 % in
the species composition of the breeding
communities during a 30-year period is note-
worthy, being clearly greater than found by
other authors in the Alps (popy et al., 2010;
Archaux, 2004) and close to the overall 35%
species turnover found in the Sierra nevada
mountains of California over 100 years
(Tingley and beissinger, 2013). however,
the observed turnover during a 30-year pe-
riod is similar to that occurring between
years during 2008-2012. Our results show a
significant turnover of the bird community in
an ecological setting that has changed little,
especially the high-mountain scrubland and
summits. These results manifest the open
and unsaturated nature of the high-mountain
communities of the Sierra nevada, subject
to constant inputs and outputs, as noted by
McArthur (1972) for island communities.
The outcome of these processes is a commu-
nity in continuous flux, both in composition
and abundance, where inter-annual variabili-
ty is similar even to inter-decadal variability.

In a regional context, the information
available (since 1998) indicates that many
bird species show significant fluctuations in
population abundance, both in Andalusia
(SEO/birdLife, 2012) as well as in the rest
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of the Iberian peninsula and specifically in
other peninsular mountain ranges (SEO/
birdLife, 2013). Some trends, such as the
overall population decline of the northern
wheatear, are consistent with those observed
in the Sierra nevada. In fact, a recent review
(Inger et al., 2015) examining Europe-wide
trends in bird abundance demonstrated an
overall decline, particularly affecting the
more common species. In other cases the
opposite is true; for example, the blue tit
population contracted in Sierra nevada but
expanded in the regional pool (SEO/birdLife,
2012). These trends cover 1998-2012 but we
do not know the rate of change between 1981
and 1998, which may have been different
from that of the last 15 years. Long-term
monitoring of both the breeding and win-
tering habitats of these species is needed to
understand the ecological basis of this
turnover and its relationship with the drivers
of global change, particularly climatic change
and land-use change at both the local and
global scales (Seoane and Carrascal, 2007).

In the Sierra nevada, minimum tempera-
tures have followed a rising trend over the
last 30 years (minimum temperature in-
crease: 0.103ºC/year from 1980, see fig.
3A). however, bird responses to tempera-
ture changes are not straightforward. recent
studies have indicated that birds are tracking
climate warming, but not fast enough (De-
victor et al., 2008a, 2012). bird species may
exhibit an accumulated delay in responding
to temperature changes attributable to an
inability to track climate change (Devictor et
al., 2012). The resulting climatic debt may
still be conditioning the configuration of the
montane bird community of Sierra nevada
after the most recent climatic perturbation,
the Little Ice Age, a period of intense cooling
that occurred until 1850 and which has left
traces of periglaciar activity in Sierra nevada
(Gómez-Ortiz et al., 2014). We can envision
a scenario in which there is a significant
contraction in the size of the island of alpine

ecological conditions since the end of the
Little Ice Age, in which bird communities
are still adjusting to the transition to the
more recent warmer conditions. Thus, we
can envisage a future scenario in which the
alpine zone will progressively shrink, while
low-level and mid-mountain species will
climb elevationally. Our empirical results
indicate that this process is already under-
way, as the bird community of the high
mountains is becoming more and more simi-
lar to that of lowland habitats, such as
mediterranean open steppe, with the loss
(or decline) of the unique elements of high-
mountain fauna but with a corresponding gain
in more common and widespread lowland
species. In fact, the predicted distribution for
the alpine accentor implies that the southern
part of its present distribution will no longer
be suitable by the end of the 21st century
(huntley et al., 2007). We may thus be
witnessing the beginning of an extinction
process previously undergone by other
alpine species in the Sierra nevada such
as the wallcreeper Tichodroma muraria,
snowfinch Montifringilla nivalis, and
yellow-billed chough Pyrrhocorax graculus,
species that very likely bred in the Sierra
nevada during the 19th century (vaughan,
1955). The decline in abundance of the
dominant high mountain species of the 1980s
has been paralleled by an elevational rise of
mediterranean species and of steppe species
in the generic sense, as seen in the cases of
the black redstart, common linnet, common
stonechat and thekla lark. Some of these,
such as the black redstart, are even breeding
at the summits. Similar patterns can be dis-
cerned in the European high-mountain plant
communities, where thermophilisation has
developed (Gottfried et al., 2012).

We can conclude that the Sierra nevada
is acting as an ecological island, showing
strong spatial and temporal dynamics that
may be accelerating because of land-use
change and global warming. As a result,
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there are threats to high-mountain species
but, above all, there are opportunities for
species of lower elevations. In fact, the eco-
morphological characteristics of the breeding
passerines of the Sierra nevada do not dif-
fer to a great extent from those of other
passerines inhabiting the Iberian peninsula,
so that most of the species in the regional
peninsular pool might, in terms of morpho-
logical features, occupy these montane habi-
tats (zamora, 1988b). Some community
change has involved intrageneric species
replacement; for example the southern
boreal common whitethroat being replaced
by the spectacled warbler, a mediterranean
species. These spatio-temporal community
dynamics do not necessarily lead to signifi-
cant diversity loss, because the maximum
diversity of mediterranean bird communi-
ties frequently occurs in agro-sylvo pastoral
mountain landscapes, which are often occu-
pied by open-habitat birds (Clavero and
brotons, 2010). This would explain the surge
in mediterranean and steppe bird species
observed in parallel to the decline in the
mountain specialist species, resulting in a
functional homogenisation of bird commu-
nities along the altitudinal gradient (see also
Devictor et al., 2008b; Clavero and brotons,
2010; barnagaud et al., 2011).
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