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GEOGRAPHICAL, LANDSCAPE AND HABITAT EFFECTS
ON BIRDS IN NORTHERN SPANISH FARMLANDS:
IMPLICATIONS FOR CONSERVATION

José Luis TELLERIA* |, Alvaro RAMIREZ*, Aitor GALARZA**
Roberto CARBONELL***, Javier PEREZ-TRIS* and Tomas SANTOS*

SUMMARY.—Geographical, landscape and habitat effects on birds in northern Spanish farmlands:
implications for conservation.

Aims: Farmland habitats in northern Spain are local hotspots of bird richness, sustaining various in-
creasingly rare species and housing huge numbers of migratory birds in winter. This makes them a key
habitat for bird conservation. However, they are being negatively affected by conversion to tree planta-
tions, urban developments and infrastructures.

Location: Bird communities in 67 farmland patches which were immersed in a matrix of shrublands
and woodlands were studied. These were distributed along a 600 km-long stretch that runs parallel to the
northern Spanish coast.

Methods: During June (2005) and January (2006) evaluation was carried out on the effect of farmland
patch size, vegetation structure, elevation (a surrogate of climate harshness) and geographical location
of farmlands on bird richness and abundance by means of 500 m long transects.

Results: Farmland patches with abundant tree and shrub cover scored the highest on abundance and
species richness in spring. The size of farmland patch predicted the occurrence of many species in spring
and winter, including some that are declining in Europe (e.g. Lanius collurio, Passer montanus, Miliaria
calandra, Alauda arvensis, etc.). In winter, bird abundance increased at low elevation areas and decreased
with increasing distance from the main gateway for European migrants entering the Iberian Peninsula at
the western Pyrenees.

Conclusions: Results support the idea that easternmost farmlands are particularly important winter-
ing grounds for European migrants and that the increasing deterioration or reduction of lowland farmland
patches may affect bird populations. Because such negative effects are likely to increase in the near fu-
ture, some general guidelines are suggested to apply the legal and budgetary resources of the European
Union for better preserving farmland biodiversity in Northern Spain.
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RESUMEN.—Efectos geogrdficos, paisajisticos y de habitat sobre las aves de las campiiias del norte de
Esparia: implicaciones conservacionistas.

Objetivos: Las campias atlanticas del norte de Espafia presentan una gran riqueza local de especies,
mantienen aves que estan rarificandose y albergan muchas aves migratorias durante el invierno, lo que las
convierte en un habitat importante desde una perspectiva conservacionista. Sin embargo, estan siendo
alteradas por la expansion de las plantaciones de arboles, asi como por el desarrollo urbano y de diferen-
tes infraestructuras.

Localidad: Para evaluar los efectos de estos cambios sobre las aves de las campiiias, se estudiaron 67
localidades distribuidas a lo largo de 600 Km. localizadas entre las montafias y las costas cantébricas.

Métodos: Durante junio de 2005 y enero de 2006 se evalud, por medio de transectos de 500 m de lar-
g0, el efecto del tamafio de la campifia, la estructura de su vegetacion, la altitud (un indice de la dureza
climatica) y la ubicacion geografica sobre la riqueza y abundancia de aves.

Resultados: Las campifias con mas cobertura de arboles y arbustos presentaron las mayores riquezas
y abundancias de aves en primavera. El area de la campifia fue un buen indicador de la presencia de
muchas especies en primavera e invierno, incluyendo algunas en declive a escala europea (e.g. Lanius
collurio, Passer montanus, Miliaria calandra, Alauda arvensis, etc.). En invierno, la abundancia de aves
aumentod en las campifias ubicadas a bajas altitudes y disminuyo al aumentar la distancia al corredor
migratorio pirenaico.

Conclusiones: Estos resultados, que apoyan la idea de que las campifias orientales tienen una mayor im-
portancia como areas de invernada para las aves migratorias, son utilizados para predecir los efectos sobre
las aves del deterioro y reduccion superficial de las campifias ubicadas a menores altitudes. Como es pre-
visible que este deterioro aumente en el futuro, se sugerieren algunas lineas de accion para aplicar los re-

cursos aportados por la Union Europea para conservar la biodiversidad agraria en el norte de Espaiia.
Palabras clave: biodiversidad, Politica Agraria Comunitaria (PAC), cambios de uso.

INTRODUCTION

During the last decades, western European
agriculture has undergone dramatic changes,
which have impacted farmland biodiversity.
For example, the abandonment of agricultural
land has allowed woodlands and scrublands to
spread at the expense of traditional farmland
range. This has contributed to landscape ho-
mogenization and species loss. Also, ongoing
agricultural intensification in the most produc-
tive areas is also threatening farmland biodi-
versity (Benton et al., 2003). To stop this, the
European Union (EU) has launched the Bio-
diversity Action Plan for Agriculture, which
tries to encourage agricultural practices that
are compatible with conservation (European
Environmental Agency, 2006). The plan has a
twofold goal, aiming to prevent further biodi-
versity loss where agriculture is already inten-
sified, and to design sustainable farming where
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agriculture still has not been intensified.
Representing the latter case, there is a gener-
al concern that some eastern European coun-
tries recently joined to the EU might lose farm-
land biodiversity if technological and economic
incentives are aimed to just increase immedi-
ate productivity (Donald et al., 2001; Baldi and
Faragd, 2007; Herzon and O’Hara, 2007).
Population declines during the last decades
are particularly worrying for farmland birds.
They have become model species for the analy-
sis of the effects of changing agricultural prac-
tices on farmland biodiversity (Donald et al.,
2001, 2007). As other organisms, birds have
been affected by habitat loss and modification
(for example hedgerow destruction), chemical
contamination, or shortfall of various food
sources (Benton et al., 2003; Bradbury and Kir-
by, 2006). However, such negative effects on
bird communities may vary between regions
or types of landscape, and are also likely to
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F1G. 1.—Left, location of the study area in Europe (above) and a detailed map (below) of the major topo-
graphic features of the Iberian Peninsula (grey and black shading represents areas above 500 and 1000 m,
respectively). Right, distribution of study sites within the four administrative sectors considered, with se-
lected sketches to better visualize their landscape structure (farmlands are in white, and grey and black ar-
eas refer to scrub and woodlands, respectively).

[Izquierda, ubicacion del drea estudio en Europa (arriba) y mapa detallado (debajo) de los principales
rasgos geograficos de la peninsula Ibérica (el sombreado gris y negro representa altitudes por encima de
los 500y 1.000 m). Derecha, distribucion de los lugares de estudio dentro de las cuatro unidades admi-
nistrativas consideradas, con ampliaciones parciales para visualizar mejor la estructura del paisaje (las
campinas figuran en blanco mientras que en gris y negro figuran las zonas cubiertas por vegetacion ar-

bustiva y arborea.]

be dependent on local agricultural practices.
Therefore, considering geographic, landscape
and habitat determinants of bird distribution
may be important to identify ongoing conser-
vation problems at different scales (Concep-
cion et al., 2008). In turn, exploring the inter-
play of geographic, landscape and habitat
effects as determinants of farmland biodiver-
sity may be pivotal to correctly applying the
agro-environmental schemes sponsored by the
EU Common Agricultural Policy (CAP).
Geographical, landscape and habitat effects
on the structure of farmland bird communities
across a lowland corridor that ranges from East
to West in northern Spain were explored, these
were bounded to south by the Cantabrian Moun-

tains and to North by the Atlantic coast (fig. 1).
Northern Spanish farmlands, the southernmost
Atlantic hocage in Europe, are mostly devoted
to hay production and cattle grazing, forming
a mosaic of meadows, grazed pastures, edges
and woodland, which scores the highest bird
species richness among all habitats in the region
(Telleria and Galarza, 1990) and attracts rare or
declining species in Europe (such as Lanius col-
lurio or Miliaria calandra). In addition, long-
term monitoring of common bird species in
Spain (the SACRE programme coordinated by
the Spanish Ornithological Society,
http://www.seo.org ) is revealing the population
decline of several farmland bird species, some
of which already qualify as endangered in Eu-
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rope (Donald et al., 2001). These patterns, to-
gether with the large numbers of central and
northern European migratory birds that winter
in northern Spanish farmlands (Santos ef al.,
1990), make the bocage farmland system an in-
teresting habitat for conservation.

Administratively, the area encompasses four
autonomous regions located by the coast of the
Cantabrian Sea (Galicia, Asturias, Cantabria
and Basque Country; fig. 1). The whole region
is undergoing intense landscape modification
due to agricultural abandonment which is af-
fecting farmland landscapes in three major
ways. First, the farmland mosaic has been sub-
stituted by homogeneous plantations of exot-
ic trees, primarily eucalyptus and pines. Sec-
ond, agricultural intensification in the
remaining farmlands has removed hedgerows,
or increased contamination due to fertilisers
among other threats. Third, farmlands are be-
coming smaller and increasingly fragmented
due to urban and industrial expansion, which
comes together with an increasing demand for
infrastructures (motorways, railways, etc.; Eu-
ropean Environmental Agency, 2006; Obser-
vatorio de la Sostenibilidad en Espaiia, 2005).
Therefore, although farmland still accounts for
30 % of land in the region, they are affected by
an ongoing process of intense modification and
fragmentation, particularly in some overpop-
ulated, coastal sectors (Observatorio de la
Sostenibilidad de Espana, 2005).

The distribution of bird richness and abun-
dance in northern Spanish farmlands during
spring and winter was modelled; this being
based on geographic, landscape and habitat
variables. The distribution of each bird species
was also studied in order to identify which
farmland features are important for the con-
servation of the most endangered species. This
approach considered farmland patches as units
which were evaluated, according to a multi-
scale approach (Donald and Evans, 2006): the
potential effects on birds of habitat structure,
landscape configuration, local climate and ge-
ographical location.
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Habitat structure

The association between the structure of bird
assemblages and the physiognomy and floris-
tic traits of vegetation is a cornerstone of the-
oretical and applied bird population studies
(Wiens, 1989). In the case of farmland birds,
both species richness and abundance increase
with the cover of hedgerow (Carrascal and
Telleria, 1985; Hinsley and Bellamy, 2000). In
addition, bird assemblages may be influ-
enced by the existence of small orchards and
ploughed fields typical of northern Spanish
farmlands, because these habitat features may
be important for larks, finches, buntings and
other granivorous species that track seed abun-
dance in winter (Robinson et al., 2001).

Landscape configuration

Northern Spanish farmlands are located in
valleys or mountain slopes, where they make
up gaps of open habitat surrounded by exten-
sive tree plantations or, less typically, by natu-
ral forests. As a consequence, many of the
processes that affect bird communities in frag-
mented landscapes may operate similarly in
northern Spanish farmlands (loffe et al., 2004;
Donald and Evans, 2006). In particular, large
habitat patches usually have more species in
fragmented habitats, an effect that may be gen-
eralised to most ecological contexts (Rosen-
zweig, 1995). Therefore, variation in farmland
size might contribute to explain the distribu-
tion of species richness.

Elevation

Climate harshness affects bird distribution
in temperate regions because birds tend to avoid
habitats that compromise their ability to secure
and maintain body reserves (Blem, 1990). Such
effects may be particularly important in win-
ter, forcing birds to avoid colder areas (Root,
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1988; Carrascal and Diaz, 2006). The study
area is climatically simple on a geographic scale
and most variation in temperature is due to
elevation, particularly during winter (Ninyero-
laet al.,2005). Therefore, lowland farmlands
might be more important habitats for winter-
ing birds than farmlands located at higher el-
evations.

Geographical location

Finally, it was explored how the geo-
graphical location of farmland areas across
the study region affected bird distribution. It
was hypothesised that it may determine both
breeding and wintering communities through
two different processes. First, northern
Spanish farmlands are distributed along the
east-to-west corridor through which some
elements of the European biota probably
colonised the north of the Iberian Peninsula.
For example, species richness of forest birds
decreases westwards along such Atlantic cor-
ridor (Ramirez and Telleria, 2003). That sim-
ilar biogeographical constraints might influ-
ence the pattern of species loss in northern
Spanish farmlands was explored. Second, mi-
gratory birds seem to face greater transport
cost as they have to move further from their
major migratory pathways before their arrival
to wintering grounds. Such effect may make
western farmlands less likely to attract Euro-
pean migratory birds moving to winter in the
Iberian Peninsula, which they access mainly
through the western Pyrenees (Galarza and
Telleria, 2003; Telleria et al., 2008).

MATERIAL AND METHODS
Study area
The study area spans a 600 km-long belt lo-

cated between the Atlantic coast and the north-
ern slopes of the Cantabrian Mountains (fig. 1).

It is a rough and rainy sector (over 1,000 mm
of annual precipitation; Ninyerola et al., 2005)
in which the lowland countryside is occupied
by farmlands, pine and eucalyptus plantations
(Pinus radiata, Pinus pinaster, Eucalyptus
globulus) and small villages, while highland
areas (over 600 m) are covered by pasturelands
and broadleaved forests (Fagus sylvatica, Quer-
cus petraea, etc.). Climate conditions are deeply
affected by the influence of mountains,
which create altitudinal variation in tempera-
ture. Thus, while mountain tops are covered
with snow during winter, lowlands show mild
winters, particularly by the coast where mean
temperatures in January range between 7 and
9 °C (Ninyerola et al., 2005).

A selection was made of 67 farmland patch-
es (farmland areas surrounded by shrublands
and woodlands with different sizes, vegetation
structures and elevation) distributed from East
to West along northern Spain (fig. 2), using
satellite images provided by SIGPAC (a GIS
facility for CAP information sponsored by the
Spanish Ministry of Agriculture, http://sig-
pac.mapa.es/fega/visor/). The distance was
measured from each farmland patch to the west-
ern Pyrenees (more precisely to the French-
Spanish border by the Atlantic coast). In the
field, farmland patches were located by means
of GPS devices and maps.

Bird counts and vegetation structure

Samples of one to six 500 m line-transects
were carried out throughout each farmland
patch, depending on the size of each patch (they
ranged from 2.5 to 374 ha; see fig. 2). Differ-
ent teams of observers sampled birds in the
first half of June 2005 (two or three teams at
a time), measuring the abundance of each
species (number of birds per transect). The sam-
pling was repeated in mid January 2006 to
assess the abundance of wintering birds in ex-
actly the same transects, which were located
using GPS devices. These data were used to
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FIG. 2.—Variation in patch area, altitude and vegetation cover (as determined by factor scores in PC1; see
text) of the study farmlands along the geographical gradient brought about by the location of sites at in-
creasing distance westwards from the western Pyrenees (distance = 0 at the Spanish-French border by the

Atlantic coast).

[Variacion en el tamaiio, altitud y cobertura vegetal (determinada por la ubicacion de cada muestra en
PC1, ver texto) de las campiiias estudiadas a lo largo del gradiente geografico definido por la distan-
cia a los Pirineos occidentales (la distancia 0 se sitiia en la frontera hispano-francesa).]

evaluate the mean number of individuals and
species detected per transect in each farmland
patch. In the case of larger patches, the accu-
mulated number of species recorded in all tran-
sects within each patch were used to assess the
total number of species.

The structure of vegetation in farmlands was
measured by means of two 25 m radius circles
distributed at 200 m intervals along each tran-
sect. In each circle, shrub cover (vegetation be-
low 2-m height) and tree cover (vegetation
above 2 m height) were estimated visually, the
number of shrub and tree species counted, and
the average height of the tree canopy estimat-
ed. The scores of the two sampling circles to
characterize each line transect were aver-
aged. The presence or absence of small orchards
or other ploughed fields were also recorded to
asses their potential role in bird distribution.
Each farmland was finally characterised by av-

Ardeola 55(2), 2008, 203-219

eraging bird abundance and habitat character-
istics measured in each transect.

Statistical analyses

A Principal Component Analysis (PCA)
was conducted to reduce the number of vari-
ables used to describe vegetation structure.
The PCA retained a single principal compo-
nent (PC1), which explained 68.01% of vari-
ance in the correlation matrix and was inter-
preted as a gradient of increasing vegetation
cover and tree and shrub species richness (fac-
tor loadings for number of shrub species: 0.71;
shrub cover: 0.71; tree cover: 0.88; mean
tree height: 0.87; number of shrub and tree
species: 0.92; eigenvalue: 3.40). Farmland size,
vegetation cover (as determined by PC1), el-
evation and distance to Western Pyrenees
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changed along the study sectors (fig. 2) and
were not correlated with one another (all Spear-
manr<0.15, P> 0.05,n=067).

General regression models (GRM; StatSofft,
2002) were used to study how local and re-
gional features affect bird abundance and rich-
ness. The models were obtained by means of
stepwise regression, using distance, vegeta-
tion cover (PC1), farmland size and eleva-
tion as independent variables. As the abun-
dance of local breeders may affect bird
abundance and richness in winter, these vari-
ables were included in a second test with the
above mentioned variables to study the fea-
tures affecting the structure of bird communi-
ties in winter. Both forward and backward
stepwise procedures were used, which allowed
assessment of the robustness of the final mod-
els. In addition, to explore the role of ploughed
fields on bird distribution, ANCOVA was con-
ducted with the occurrence of ploughed fields
as a factor and the retained variables in the
GRM analyses as covariates. Finally, Discrim-
inant Function Analyses (DFA) were conduct-
ed with forward and backward stepwise pro-
cedures to explore the factors affecting the
occurrence of each species in farmlands.

RESULTS
Species composition

A total of 64 bird species were detected dur-
ing the two study periods (appendix 1). The
presence of swifts (4pus apus) and swallows
(Hirundo rustica, Delichon urbica) flying over
the study areas was not considered because, al-
though they were using the farmlands during
aerial feeding, it was unclear if they were ac-
tually linked to the site in which they were ob-
served. Large birds, such as raptors (Buteo bu-
teo, Accipiter gentilis, Milvus milvus, Falco
tinnunculus, etc.) and gulls (Larus michahellis,
Larus ridibundus) were also excluded because
their large home range may include several

farmland patches. Finally, two species pairs
(starlings: Sturnus unicolor and Sturnus vul-
garis, and chiffchaffs: Phylloscopus collybita
and Phylloscopus ibericus) occurring in the
area were considered as single species, because
distinguishing between the two species was dif-
ficult in many cases.

In spring, bird communities were domi-
nated by woodland species (Turdus merula,
Erithacus rubecula, Fringilla coelebs, etc), but
species typical of tree-covered farmlands were
also frequent (Carduelis carduelis, Carduelis
chloris, Emberiza cirlus, Pica pica, etc.) and
species related to open fields (4lauda arven-
sis, Miliaria calandra, Coturnix coturnix) were
more scarce (appendix 1).

The seasonal turnover of species involved
seven wintering species replacing eight sum-
mer visitors (appendix 1). Such parity in
species numbers led to a weak yet statistical-
ly significant increase in the total number of
species per farmland from spring to winter
(spring: 13.78 + 0.74 species; winter: 14.96 +
0.73 species; t-test for dependent samples, tgg
=2.05, P=0.044). Similarly, the increase from
spring to winter in the mean number of species
per transect was close to statistical significance
(spring: 10.26 + 0.42 species per transect; win-
ter: 11.14 + 0.41 species per transect; tgg =
1.82, P=0.074). Unlike species richness, bird
numbers dramatically increased from spring
to winter (spring: 23.54 + 1.31 birds per
transect; winter: 62.34 = 4.21 birds per tran-
sect; tge = 9.30, P < 0.001; fig. 3). Such in-
crease was due to the arrival of wintering
chaffinches (Fringilla coelebs), meadow pip-
its (Anthus pratensis), thrushes (Turdus
philomelos and Turdus iliacus) and other mi-
gratory birds (appendix 1).

Factors affecting bird communities

During the breeding period, both abundance
and richness of birds increased in farmlands
with more vegetation cover, as well as in
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F1G. 3.—Relationships between the mean species richness (number of species per transect) and abun-
dance of birds (number of individuals per transect) in northern Spanish farmlands, both in spring and in

winter (n = 67 farmlands).

[Relaciones entre el numero medio de especies (niimero de especies por transecto) y la abundancia de
aves en las campifias del norte de Espaiia en primavera e invierno (n = 67 campiiias).|

large farmland patches (table 1). Against pre-
dictions, species richness increased westwards,
which appeared to be related to the frequent
occurrence of some species in the westernmost
farmlands (for example, Carduelis chloris,
Corvus corone, Emberiza cia, Emberiza cirlus
or Prunella modularis, appendix 1). Control-
ling for the effect of vegetation cover (table 1),
the mean species richness of birds per transect
was significantly higher in farmlands with
ploughed fields (Fy g4 =4.20, P =0.045). It
was not possible to identify any influence of
the occurrence of orchards on the structure of
breeding bird communities.

In winter, both species richness and bird
abundance increased in farmlands located at
low elevation, as well as in large farmland
patches. Distance also explained variation in
mean abundance and species richness, with
more birds wintering in eastern sectors (table
1). Controlling for the effect of spring abun-
dance and richness, the abundance and species
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richness of wintering birds remained best ex-
plained by farmland size, elevation and dis-
tance to the western Pyrenées (table 1, fig. 4).

Factors affecting individual species

Size of farmland patch was the most frequent-
ly retained explanatory variable in models of in-
dividual species (20 out of 64 species were neg-
atively affected by decreasing farmland size;
appendix 1). Distance was also important, fol-
lowed by vegetation cover and elevation.

DiscussION

General features of northern
Spanish farmlands

Agricultural landscapes are usually charac-
terised by a mosaic of land uses, where crops,
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TABLE 1

Results of general regression models (GRM) in which species richness and abundance of farmland birds
are analysed in function of farmland size, vegetation cover (PC1 scores), elevation and distance to the wes-
tern Pyrenees. The winter model 2 takes into account also the effect of spring abundance and richness. All

models with n = 67.

[Resultados de un “modelo de regresion general (GRM) en el que la riqueza de especies y la abundancia
de aves son analizados en funcion del tamario de la campina, la cobertura de vegetacion (PC1), la alti-
tud y la distancia a los Pirineos occidentales. El modelo 2 para el invierno tiene en cuenta el efecto de la

abundancia y riqueza primaveral.]

Total bird richness

Mean bird richness Mean bird abundance

Spring model: § P B P § P
Farmland size 0.65 <0.001 — — 0.31 0.006
Vegetation cover 0.21 0.022 0.27 0.029 0.32 0.005
Elevation — — — — — —
Distance 0.19 0.032 — — — —
Model R2=10.53 <0.001 R2=10.07 0.029 R2=0.23  <0.001
Winter model 1: § P § P § P
Farmland size 0.75 <0.001 0.27 0.016 0.24 0.042
Vegetation cover — — — — — —
Elevation -0.23 0.004 -0.31 0.006 — —
Distance — — -0.27 0.015 -0.32 0.007
Model R2=10.63 <0.001 RZ=0.25 <0.001 R2=0.17 0.002
Winter model 2: B P B P B P
Farmland size 0.50 <0.001 — — 0.24 0.042
Vegetation cover — — — — — —
Elevation -0.26 <0.001 -0.38 <0.001 — —
Distance — — -0.35 <0.001 -0.32 0.007
Spring scores 0.38 <0.001 0.43 <0.001 — —
Model R2=0.71 <0.001 R2=0.36 <0.001 R2=0.17 0.002

meadows, tree plantations and pastures are in-
terspersed with towns and roads. Such a land-
scape mosaic offers an array of opportunities
for species, some of which prefer natural or
semi-natural habitat elements, while others
thrive using anthropogenic elements such as
crops, farms or urban areas. In this context,
tree-covered farmlands surrounded by forests
have been considered the paradigm of diverse
agricultural landscapes in Europe, because they
represent the closest equivalent to early prac-
tice of forest clearing for farming (Hoogeveen
etal.,2001).

The Atlantic farmlands in northern Spain,
with their abundant meadows and hedgerows
interspersed with woodlands, are particularly
suitable for birds associated with edge or open
habitats (the main components of farmland bird
communities; appendix 1). In fact, farmlands
score the highest richness of bird species among
all habitat types in the region (tree plantations,
broadleaved forests and mountain pastures),
and lodge many exclusive species at the region-
al scale (Telleria and Galarza, 1990). In addi-
tion, these tree-covered agricultural habitats
sustain large numbers of some forest birds dur-
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ing winter (e.g. Fringilla coelebs, Erithacus
rubecula, etc.), which together with the arrival
of some migratory birds associated to mead-
ows (e.g. Anthus pratensis, Turdus iliacus, etc.),
make farmlands one of the most important habi-
tats for wintering birds in Spain (Santos et
al., 1990; Telleria et al., 1999).

However, various features of the Spanish At-
lantic farmlands may limit their suitability to
some bird species that are common in other Eu-
ropean areas (appendix 1). First, lowland natu-
ral forests surrounding northern Spanish
farmlands, and particularly oak forests (Quer-
cus robur), have been historically destroyed to
enlarge agricultural and urban areas (Garcia et
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al., 2005). Although farmland abandonment has
produced the recovery of tree cover in lowlands
throughout the expansion of pine and eucalyp-
tus plantations, such reforestations have failed
to restore habitat suitability for many forest birds.
Consequently, some species have become rel-
atively scarce in the region (Dendrocopos mi-
nor, Sitta europaea, Parus palustris, etc.; Marti
and Del Moral, 2003), which may affect the
local composition of farmland bird assemblages
(Telleria and Galarza, 1990). Second, most north-
ern Spanish farmlands are located on the slopes
of'arough landscape that lacks marshland patch-
es suitable for some water-dependent birds which
are common in other European agricultural ar-
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eas (Bradbury and Kirby, 2006). Finally, north-
ern Spanish farmlands are nearly exclusively
devoted to hay production or grazing, which are
favoured at the expense of crops, stubbles or oth-
er feeding substrata used by granivorous birds.
This mode of land use explains the dominance
of common species related to hedgerows (Eritha-
cus rubecula, Turdus merula, Troglodytes
troglodytes, etc.; appendix 1) and insectivorous
birds associated with grasslands (e.g. Anthus
pratensis), as well as the scarcity of farmland
specialists dependent on arable fields that are
today endangered in Europe (skylarks, buntings,
finches, etc., Robinson et al., 2001; Piha et al.,
2003). The latter species are more abundant in
cereal fields of the dry Mediterranean highlands
located at the southern slopes of the Cantabri-
an Mountains (Telleria and Santos, 1985).

Effects of farmland size and vegetation cover

Farmland size was a major determinant of
species richness and abundance of birds during
the breeding period, with large farmland patch-
es having more species than small ones. Ar-
guably, larger habitat patches may increase en-
vironmental heterogeneity, which should favour
the local occurrence of specialist species. In ad-
dition, large habitat patches may sustain small
populations of species with low ecological den-
sities (Connor and McCoy, 1979). In fact, farm-
land size best explained the occurrence of the
scarcest species in the study area (appendix 1).
Preserving large farmland patches should atten-
uate the pervasive effect of habitat homogeni-
sation. In the study area, such an effect may be
critical in spring when meadows with tall veg-
etation often cover the smallest farmland patch-
es, preventing the occurrence of ground-feed-
ing birds that hardly ever feed in tall-grass fields
(Buckingham et al., 2004). However, large farm-
land patches often show a patchy distribution of
harvested and un-harvested meadows, which al-
lows birds to sequentially exploit a mosaic of
feeding substrata. In addition, most ground-

nesters typical of open habitats avoid the for-
est edge and are absent from small farmland
patches (Piha et al., 2003).

Apart from the size of farmlands, the cov-
er of trees and shrubs also explained varia-
tion in species richness and abundance of breed-
ing birds, supporting the view that large and
more covered farmlands were the best breed-
ing habitat for most farmland bird species. A
close relationship between farmland bird abun-
dance and vegetation cover has also been ob-
served in previous studies, both in northern
Spain and in other European farmland areas
(Carrascal and Telleria, 1985; Hinsley and Bel-
lamy, 2000; Wretenberg et al., 2007). Such
an effect of habitat structure seems to be asso-
ciated with the fact that the bulk of species oc-
curring in these farmlands prefer forested habi-
tats, and many open-habitat species, such as
shrikes and chats, benefit from small patches
of trees and shrubs within open farmlands.

In winter, farmland size remained the best
predictor of species richness and abundance of
birds. In principle, this pattern can be explained
with the same arguments that are applied to
breeding bird communities, with a particularly
important role of the requirements of ground-
feeding flocking birds dominant in winter (finch-
es, pipits, some thrushes, etc., table 1). In win-
ter, many birds move free of nesting requirements
in search of food, which may explain the impor-
tance of patch size because large areas allow
flocking birds to move between suitable feed-
ing sites within the same farmland patch if dis-
rupted (e.g. human or predator disturbance).

Effects of elevation and geographical location

Both species richness and abundance of win-
tering bird communities decreased in farm-
lands located at high elevation (table 1), de-
spite sampling which spanned a restricted
elevational range. Such circumstance has also
been observed in other regions, including south-
ern Spanish wintering grounds where climate
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conditions are improved by latitude and the
oceanic influence (Telleria et al., 2005). Al-
though work was carried out on lowland farm-
lands, the highest altitude sampling sites are
likely to be affected by colder conditions than
the lowest sites, particularly in winter (Ninyero-
laet al., 2005). Negative relationships between
temperature and bird numbers are usually as-
sociated to low thermal inertia caused by the
high surface-to-volume ratio, which compro-
mises energy balance in small passerine birds
(Calder and King, 1974; Blem, 1990). Such
environmental pressure is particularly strong
in winter, when behavioural strategies aimed
to reduce the metabolic cost of thermoregula-
tion enhance survival (Carrascal et al., 2001).
Because of energetic constraints, birds inhab-
iting cold regions will be more willing to move
toward warmer sites during winter (Huertas
and Diaz, 2001; Carrascal and Diaz, 2006).

Apart from an effect of elevation, the re-
sults given here show a westwards increase of
species richness of breeding birds, which does
not support the predicted decrease in bird species
richness with increasing distance from the as-
sumed colonization route of the Iberian forest
avifauna (Ramirez and Telleria, 2003). This un-
expected result is remarkable because it stands
against the distribution of the whole avifauna
(all bird species) across Spain, where species
density (birds/100 km?) decreases in the west-
ern sectors of the Cantabrian range (Carrascal
and Lobo, 2003). In this study, despite the dis-
tribution of some species (e.g. Lanius collurio,
appendix 1), both species richness and the abun-
dance of a group of species increased westwards
during the breeding period. The results here may
be related to the large-scale patterns of distribu-
tion of the Iberian avifauna. The existence of a
lowland corridor into the northern Spanish range
located along the Atlantic coast in the western
edge of the Cantabrian Mountains (fig. 1) seems
to us the best explanation for the increased abun-
dance of many Mediterranean species in the
westernmost farmlands (Marti and del Moral,
2003; Gonzalez-Taboada et al., 2007).
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In winter, both species richness and abun-
dance of birds decreased westwards, a result
which supports the view that the regional pat-
terns of bird abundance are influenced by the
layout of birds’ migratory pathways, independ-
ently of the local environmental conditions
birds realise in different parts of their northern
Spanish wintering range (Galarza and Telleria,
2003). The result has been related to greater
costs of transport faced by migrating birds, as
they move further from their main migratory
gateway into the Iberian Peninsula (Galarza
and Telleria, 2003). Ringing recoveries of pip-
its, chaffinches and other abundant wintering
birds support the same pattern (authors’ un-
published data), which may be thus considered
as a large-scale geographical effect on the abil-
ity of farmlands to attract European migrato-
ry birds (Telleria et al., 2008).

Conservation implications

Preserving and restoring biodiversity in agri-
cultural landscapes is central to current con-
servation policies, because the future of
many species depends on landscape use in man-
made habitats (Bennet et al., 2006). Howev-
er, agricultural landscapes are seldom defined
by one particular farming practice making the
analysis of farmland biodiversity hardly un-
derstandable unless a multi-scale approach is
used (Donald and Evans, 2006). It has been
shown here that the distribution of birds in
northern Spanish farmlands defines major bio-
geographical patterns, while it still remains af-
fected by local management in the form of vari-
able size and vegetation structure of individual
farmlands. From this perspective, farmland
patches are viewed as management units, an
approach which may help to improve conser-
vation of farmland birds in northern Spain
for two main reasons.

Firstly, an approach focused of farmland
patches may bring this habitat type to the at-
tention of conservationists and managers, who
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usually perceive northern Spanish farmlands
as an extended and rather continuous matrix.
This view is reinforced by the EC Habitat di-
rective (Council Directive 92/43/EEC) that is
mainly focused to the conservation of natural
habitats. Such perception has its roots in the
evidence that the farmland range has been his-
torically expanded by humans to cover much
of northern Spain (Observatorio de la Sosteni-
bilidad en Espania, 2005). As a consequence,
farmlands have been left out of the Natura 2000
network of important habitats proposed for the
Spanish Atlantic region, which is dominated
by marshlands and natural forests (EU Notifi-
cation n°20004-4032 in application of the Di-
rective 92/43/EEC). However, the real situa-
tion is that Spanish Atlantic farmlands are being
progressively reduced, particularly to the east
where the Basque Country and Cantabria have
respectively lost 1.1 and 2.0 % of their for-
mer farmland range between 1987 and 2000
(Observatorio de la Sostenibilidad de Espaiia,
2005). According to the present results, losing
farmland range may be critical for bird conser-
vation. In the first place because farmland loss
is particularly severe in coastal and lowland
sectors, where the largest urban and industri-
al pressures are concentrated (Observatorio de
la Sostenibilidad de Espaia, 2006). Taking into
account the importance of lowland farmlands
for birds, and the increasing number of extra-
Iberian wintering individuals in eastern sec-
tors of the Cantabrian range, the ongoing and
largely neglected loss of farmlands becomes
of particular conservation concern.

Second, if farmland patches are treated as
conservation units, with their particular species
composition and environmental and geograph-
ical features, such units will be easily identi-
fied by administrators and developers during
landscape planning. Therefore, if farmlands
are viewed as habitat to be protected, they may
be explicitly considered in environmental im-
pact assessments, and be proposed as candi-
date habitats for conservation measures (Mor-
ris and Therivel, 2001). These results help to

identify farmland conservation priorities by re-
gional administrations in northern Spain, stress-
ing for the importance of large lowland farm-
lands as habitats for both the richest bird
communities and the most endangered species.
In conclusion, large lowland farmlands
should be declared priority sites to apply the
agri-environmental schemes sponsored by the
CAP. Because subsidy receivers are legally
obliged to keep their land in good agricultur-
al and environmental shape from 2005 onwards
(Council Regulation 1782/2003 and Commis-
sion Regulation 796/2004), they may be ad-
vised to carry out specific management actions
to improve the habitat according to the prefer-
ences of endangered birds. However, agri-en-
vironment measures are still in the earliest stage
of design because of the complexity brought
about by the many interacting features of farm-
land habitat (Buckingham et al., 2004; Don-
ald et al., 2007; Whitthingham, 2007). For ex-
ample, it is important to discuss the potential
conflict raised by other EU environmental poli-
cies that may negatively affect farmland bio-
diversity in northern Spain, such as funding for
afforestation directed to reduce the greenhouse
effect and to protect soils (Ministerio de Agri-
cultura, Pesca y Alimentacion, 2006).

ACKNOWLEDGEMENTS.—This study was funded
by the Spanish Ministry of Education and Science
(project CGL2004-02744/BOS), Fellowship EX-
2006-0733 to AR and the Ramon y Cajal programme
(RYC-2005-000206) to JP. M. Diaz, A. Paterson and
two anonymous referees considerably improved an
early version of this manuscript.

BIBLIOGRAPHY

BALDI, A. and FARAGO, S. 2007. Long-term changes
of farmland game populations in a post-social-
ist country (Hungary). Agriculture, Ecosystems
& Environment, 118: 307-311.

BENNET, A. F,, RADFORD, J. Q. and HASLEM, A. 2006.
Properties of land mosaics: Implications for na-

Ardeola 55(2), 2008, 203-219



216 TELLERIA, J. L., RAMIREZ, A., GALARZA, A., CARBONELL, R., PEREZ-TRIS, J. and SANTOS, T.

ture conservation in agricultural environments.
Biological Conservation, 133: 250-264.

BENTON, T. G., VICKERY, J. A. and WILSON, J. D.
2003. Farmland biodiversity: is habitat hetero-
geneity the key? Trends in Ecology and Evolu-
tion, 18: 182-188.

BLEM, C. R. 1990. Avian energy storage. Current
Ornithology, 7: 59-113.

BRADBURY, R. B. and KirBY, W. B. 2006. Farmland
birds and resource protection in the UK: Cross-
cutting solution for multi-functional farming? Bi-
ological Conservation, 129: 530-542.

BUCKINGHAM, D. L., ATKINSON, P. W. and RooK, A.
J. 2004. Testing solution in grass-dominated land-
scapes: a review of current research. /bis,
146:163-170.

CALDER, W. A. and KING, J. R. 1974. Thermal and
caloric relations of birds. In, D. S. Farner and J.
R. King (Eds.), Avian biology. Volume 4, pp. 259-
413. Academic Press. New York.

CARRASCAL, L. M. and TELLERIA, J. L. 1985. Avi-
fauna invernante en los medios agricolas del nor-
te de Espana II. Papel de la estructura de la vege-
tacion y la competencia interespecifica. Ardeola,
32:227-251.

CARRASCAL, L. M. and LoBo, J. M. 2003. Respues-
tas a viejas preguntas con nuevos datos: estudio
de los patrones de distribucion de la avifauna es-
pafiola y consecuencias para su conservacion. En,
R. Marti, R. and J. C. del Moral (Eds.), Atlas de
las aves reproductoras de Esparia, pp. 651-668.
Direccion General de Conservacion de la Natu-
raleza-Sociedad Espafiola de Ornitologia. Madrid.

CARRASCAL, L. M., Diaz, J. A., HUERTAS, D. L.
and MoZzgTICH, 1. 2001. Behavioral thermoreg-
ulation by treecreepers: trade-off between sav-
ing energy and reducing crypsis. Ecology, 82:
1642-1654.

CARRASCAL, L. M. and Diaz, L. 2006. Winter bird
distribution in abiotic and habitat structural gra-
dients: a case study with Mediterranean montane
oakwoods. Ecoscience, 13: 100-110.

CONCEPCION, E. D., Diaz, M. and BAQUERO, R. A.
2008. Effects of landscape complexity on the eco-
logical effectiveness of agri-environment schemes.
Landscape Ecology, 23: 135-148.

CONNOR, E. F. and McCoy, E. D. 1979. The statis-
tics and biology of the species-area relationships.
American Naturalist,113: 791-833.

Ardeola 55(2), 2008, 203-219

DoNALD, P. F. and Evans, A. D. 2006. Habitat con-
nectivity and matrix restoration: the wider impli-
cations of agri-environment schemes. Journal of
Applied Ecology, 43: 209-218.

DoNALD, P. F,, GREEN, R. E. and HEaTH, M. F. 2001.
Agricultural intensification and the collapse of
Europe’s farmland bird populations. Proceedings
of the Royal Society of London Series B— Biolog-
ical Sciences, 268: 25-29.

DONALD, P. F., SANDERSON, F. J., BURFIELD, I. J.,
BIERMAN, S. M., GREGORY, R. D. and WALICZKY,
Z.2007. International conservation policy deliv-
ers benefits for birds in Europe. Science, 317:
810-813.

EUROPEAN ENVIRONMENTAL AGENCY 2006. Integra-
tion of environment into EU Agriculture Policy.
The IRENA indicator-based assessment report.
Office for Official Publication of the European
Communities. Copenhagen.

GALARZA, A. and TELLERIA, J. L. 2003. Linking
processes: efects of migratory routes on the
distribution of abundance of wintering passer-
ines. Animal Biodiversity and Conservation,
26: 19-27.

GARCciA, D., QUEVEDO, M., OBESO, J. R. and ABA-
Jo, A. 2005. Fragmentation patterns and protec-
tion of montane forest in the Cantabrian range
(NW Spain). Forest Ecology and Management,
208: 29-43

GONZALEZ-TABOADA, F. NOREs, C. and ALVAREZ, M.
A.2007. Breeding bird species richness in Spain:
assessing diversity hypothesis at various scales.
Ecography, 30: 241-250.

HEerzoN, I. and O’Hara, R. B. 2007. Effects of land-
scape complexity on farmland birds in the Baltic
States. Agriculture, Ecosystems & Environ-
ment, 118:297-306.

HINSLEY, S. A. and BELLAMY, P. E. 2000. The influ-
ence of habitat structure, management and
landscape context on the value of hedgerow to
birds: a review. Journal of Environmental Man-
agement, 60: 33-49.

HoOOGEVEEN, Y. R., PETERSEN, J. E. and GABRIELSEN,
P.2001. Agriculture and biodiversity in Europe.
Background report to the High-Level European
Conference on Agriculture and Biodiversity, 5-7
June, Paris. Council of Europe/UNEP.

HuERTAS, D. and Diaz, J. A. 2001. Winter habitat
selection by montane forest bird assemblages: the



BIRD CONSERVATION IN FARMLANDS 217

effects of solar radiation. Canadian Journal of  TELLERIA, J. L. and GALARZA, A. 1990. Avifauna y

Zoology, 79: 279-284.

IoFFE, G., NEFEDOVA, T. and ZASLAVSKY, 1. 2004.
From spatial continuity to fragmentation: the case
of Russian farming. Annals of the Association
of American Geographers, 94: 913-943.

MarTi, R. and DEL MORAL, J. C. 2003. Atlas de las
aves reproductoras de Esparia. Direccion Gene-
ral de Conservacion de la Naturaleza-SEO. Madrid.

MINISTERIO DE AGRICULTURA, PESCA Y ALI-
MENTACION 2006. Forestacion de Tierras Agrico-
las: Andlisis de su evolucion y contribucion a la
fijacion del carbono y al uso racional de la tier-
ra. MAPA. Madrid

MorRis, P.and THERIVEL, R. 2001. Methods of en-
vironmental impact assessment. Spon Press.
London.

NINYEROLA, M., PONs, X. and ROURE, J. M. 2005.
Atlas climatologico digital de la peninsula Ibé-
rica. Metodologia y aplicaciones en bioclima-
tologia y geobotanica. Universidad Autdnoma de
Barcelona. Bellaterra.

OBSERVATORIO DE LA SOSTENIBILIDAD EN ESPANA
2005. Informe de sostenibilidad en Esparia 2005.
Universidad de Alcala de Henares. Madrid.

OBSERVATORIO DE LA SOSTENIBILIDAD EN ESPANA
2006. Informe de sostenibilidad en Esparia 2006.
Universidad de Alcald de Henares. Madrid.

PiHA, M., PAKKALA, T. and TIAINEN, J. 2003. Habi-
tat preferences of the Skylark Alauda arvensis in
Southern Finland. Ornis Fennica, 80: 97-110.

RAMIREZ, A. and TELLERIA, J. L. 2003. Efectos ge-
ograficos y ambientales sobre la distribucion de
las aves forestales ibéricas. Graellsia, 59:219-231.

ROBINSON, R. A., WILSON, J. D. and Crick, H. Q. P.
2001. The importante of arable habitat for farm-
land birds in grassland landscapes. Journal of Ap-
plied Ecology, 38: 1059-1069.

Roor, T. 1988. Energy constraints on avian distri-
butions and abundances. Ecology, 69: 220-339.

ROSENZWEIG, M. L. 1995. Species diversity in spa-
ce and time. Cambridge University Press. Cam-
bridge.

SANTOS, T., ASENSIO, B., CANTOS, F. J. and BUENO,
J. M. 1990. Efectos de las repoblaciones con ar-
boles exoticos sobre los Paseriformes invernantes
en el norte de Espafa. Ardeola, 37: 309-317.

STATSOFT 2002. STATISTICA Version 6.0, Statsoft
Inc. Tulsa.

paisaje en el Norte de Espaia: efecto de las re-
poblaciones con arboles exoticos. Ardeola, 37:
229-245.

TELLERIA, J. L. and SANTOS, T. 1985. Avifauna in-
vernante en los medios agricolas del norte de Es-
pafia I. Caracterizacion biogeografica. Ardeola,
32:203-225.

TELLERIA, J. L., ASENsIO, B. and Diaz, M. 1999.
Aves Ibéricas II. Passeriformes. Reyero Ed.
Madrid.

TELLERIA, J. L., RAMIREZ, A. and PEREZ-TRIS, J.
2005. Conservation of seed-dispersing migrant
birds in Mediterranean habitats: shedding light
on patterns to preserve processes. Biological Con-
servation, 124: 493-502.

TELLERIA, J. L., RAMIREZ, A., CARBONELL, R., PEREZ-
Tris, J. and SANTOS, T. 2008. Do migratory path-
ways affect the regional abundance of wintering
birds? A test in northern Spain. Journal of Bio-
geography, DOI:10.1017/S0959270908008137.

WHITTHINGHAM, M. J. 2007. Will agri-environment
schemes deliver substantial biodiversity gain and
if not why no? Journal of Applied Ecology, 44:
1-5.

WIENS J.A. 1989. The ecology of bird communities.
2 vols. Cambridge University Press. Cambridge.

WRETENBERG, J., LINDSTROM, A., SVENSSON, S. and
PART, T. 2007. Linking agricultural policies to
population trends of Swedish farmland birds in
different agricultural regions. Journal of Applied
Ecology, 44: 933-941.

[Recibido: 10-07-08]
[Aceptado: 23-12-08]

Jose Luis Telleria, Tomas Santos, Javier Pérez-
Tris and Alvaro Ramirez teach Zoology and ani-
mal conservation at the Complutense University of
Madrid. Aitor Galarza and Roberto Carbonell
are officers at the conservation services of the
Basque Country and Castilla y Leén Autonomous
Communities. All of them belong to the UCM re-
search group “Vertebrate Biology and Conservation”
(http://www.ucm.es/info/zoo/bev_eng/index.html),
which studies the biogeography, evolution and
ecology of terrestrial vertebrates from the perspec-
tive of conservation biology.

Ardeola 55(2), 2008, 203-219



TELLERIA, J. L., RAMIREZ, A., GALARZA, A., CARBONELL, R., PEREZ-TRIS, J. and SANTOS, T.

218

- - - - 8SEFLSIT €9 - - - (Psese €COFSST 1P §q2]200 D]JISULL]
- - - - I7'0F8I'S 9 (M) - - - €0FEE IS D[n2aqn.L SNODYILI
- - - - - 0 (P« - () 5% - 70°0F€00 T D][2UL10 DZIDQUIT
- ()sese - (Psesex LIOFISO  SI - () sesese - (P ST'0FTS0 0T SN}ID DZLIDQUIT
- () sesese - - TI0FLED 6 - () 5% - - ¥0'0F800 S D10 DZLPQUIT
- - - - N0.0HN0.0 ~ - - - - - O kQ:.:: MOQQQOLNS\QQ
- - - - €0°0FS00 8 - - - (Pssx €00F900 ¥ 10lbut sodosoipuacg
- - - (Hs  LOOFPEO 1T (P - - (H)«  $0°0F800 S SNA[NA2DI $2)STUDA)
- - - - - O - - - - vo.oﬂﬂ.o .ﬂ SNnAouUDd uSN:b:U
- - - - - 0 (s - - - T00FE00 T X1UANJ0D X1UA1J0))
- - - (Pseses 8T°0FI90  8€ - () sesese - (Psesese ¥EOFPOT 8T U002 $NAL0D)
- - - - LOOFI0 9 - () sese - - EI0F6E0 €1 snquinjpd vquinjo)
- - - - €0°0FLOO0 t - - ()x (Psesese E1°0FC80 0T stp1oun{ pjoo1ys1)
(+) % ()s - - 70°0FC00 € - (s ()sese - I1°0F61°0 ¥ 122 D131
- - - - T00FE00 € (s - - - T00FC00 1 ppGoppdyonaq piyria)
() - - (P« 6T0FLS0  PT - - - - 070 0 snuids syonpiv)
- - sesesr P TWOFETT 1T - () s % - (H)«  STOFI'T ¢ SLI0]YD S1]aNPAD))
- - - (Pssx ¥6'0F66'T  SE - - - (Pssxe LEOFYYE  SP S1onpADD SHINPAB))
- - ()x - T0F8E0 9 - - - (Pssexe YTOFCOT  ¥1 pUIGDUUDD SYONPADD)
- - - - - 0 - - - - LOOFYTO 6 S1DIALLY STYIuY
- - - - 6LIFSPTI 19 - - - - - 0 stsuajpad sniyjuy
()« - - (Psesese ¥EOFOFO 9 - - - - T00FT00 1 SISU2AAD DPND]Y
- - - - SO0FLOO € - - - - IT°0FIC0 ¥ SMIDPND2 SOIDYIISIY
AOD  ISId AdATA JAZIS S FUBN U AOD ISId AATA  AZIS dSFUR U
JIUIAA Suradg

[(100°0 > d sxx € 10°0 > d xx 'S0°0 > d) $240 $1] ap v1>U2sAL D] 21905 (40D) 1013

-24 DUNJ12q0I A (JSI(]) S2IPIUIPIII0 SOULLL] SO] D DIDUDISIP ‘(A TH) prayp ns ‘(F7]S) vulduipd v] ap ouvwuvy jap (-) 0ayp3au o (+) oayjisod 03022 j2
OPPNIDA2 UDY dJUDUIULIOSIP SISYDUD UN dP SOPDIINSAL SOT "01225UnA) A0d SOPPALISGO SONPIAIPUL 2P 01U 0oumnu ]2 £ (1) a10adsa vpa 1od spppdnoo
spurduind ap odownu ]2 vjpiAP oS VUNS ap a1.10u [ap SLUIAUIDD SD] UD SIPUDUAIAUL 2 SDA0IINPOLda.L SaAD 2P $2102dS2 SV 2P PIOUPPUNGD L DIOUISAL]]
(100°0 > d 5% PUB 10'0 > d s ‘SO'0 > dx) UMOYS OS[E 1B doUaT

-IN920 PIIq U0 (AOD)) 19409 UONEBIAZIA puk (I.ST() SIQUAILJ UIAISIM O} WOIJ UBISIP ‘(AT TH) UONRAJ[R ‘(HZIS) 9ZIS PURJULIR] JO 10919 (-) 9Ane3ou
10 (+) 9anisod o) Sunen[ead sasAJeUE JUBUIWILIOSIP JO SINSAT oy ], "Pajtodar are 30osuer) Jod paplodal S[ENPIAIPUL JO JoqUINU UBIW Y} Pue () saroads
yoeo Aq pardnooo soyojed puejuriej jo zoquinu oy [, ‘spuejuiiej ysiuedg uioyiiou ul SuLIojuIim pue SUIpaaiq spiiq JO 9ouepunge pue d0uUdLINdIdQ0

[T @rangdy] 1 XIANAddV

Ardeola 55(2), 2008, 203-219



219

BIRD CONSERVATION IN FARMLANDS
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