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ABSTRACT 

 

Socioeconomical changes from recent decades in Mediterranean farmland habitats have 

caused the abandonment of less fertile arable land in many regions. Together, these 

relatively recent changes in land use patterns have progressively resulted in the loss and 

fragmentation of many arable habitats for farmland birds. In this thesis I evaluated the 

consequences of habitat fragmentation driven by land use changes in a pseudo-steppe area 

in Southern Portugal. Land use changes included afforestation of arable habitats, land 

abandonment and land intensification. I outlined different approaches to study the effects of 

the mentioned changes in the farmland community in the Special Protection Area of Castro 

Verde. Overall results suggested that changes like afforestation may have opposite impacts 

in the community. Indeed, bird diversity within the area increased, including positive effects in 

woodland, farmland and ground-nesting birds. Conversely, steppe birds were negatively 

affected, including species of conservation concern. Also, this study showed that grassland 

specialists (e.g., Melanocorypha calandra) are very sensitive to current trends of habitat 

fragmentation. Moreover both habitat fragmentation and grazing regimes are major drivers of 

grassland breeding densities. Finally, this work supports the view that the conservation and 

management of steppe birds in Mediterranean farmland requires a multiscale approach. 

 

 

Keywords:  Farmland birds, habitat fragmentation, edge effects, land use changes and 

ecological modelling. 
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Impacte das alterações do uso do solo nas aves de m eios 

agrícolas: o papel da fragmentação do habitat 

 

 

RESUMO 

 

As alterações socioeconómicas verificadas nas últimas décadas nos habitats agrícolas 

provocaram o abandono de terras agrícolas menos férteis em muitas regiões do Sul da 

Europa. Estas alterações nos padrões do uso do solo contribuíram para a destruição e 

fragmentação de habitats agrícolas importantes para as aves. Na presente tese avaliei as 

consequências resultantes das alterações dos padrões de uso do solo numa área de 

pseudo-estepe do Sul de Portugal. Estas alterações incluíram a florestação, abandono e 

intensificação do uso da terra. Para estudar os potenciais efeitos destas alterações foram 

estruturados diferentes estudos, visando a comunidade de meios agrícolas da Zona de 

Protecção Especial de Castro Verde. Os resultados sugerem que alterações como a 

florestação podem ter impactos distintos. Na verdade a diversidade global de aves 

aumentou, incluindo efeitos positivos nas aves florestais, agrícolas e nidificantes no solo. 

Espécies especialistas de meios abertos (e.g., Melanocorypha calandra) parecem ser muito 

afectadas pela fragmentação. Este trabalho também sugere que para além da 

fragmentação, variáveis como o regime e tipo de pastoreio também influenciaram as 

densidades de diversas espécies de meios agrícolas. Concluindo, esta tese sugere que a 

conservação e gestão das comunidades de aves de meios agrícolas deverá ser enquadrada 

em diferentes escalas. 

 

 

Palavras-chave:  Aves de meios agrícolas, fragmentação de habitats, efeitos de orla, 

alterações de uso do solo e modelação ecológica. 





 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1 
 

Introduction 

 

 

 

 

 

 

Habitat fragmentation is widely regarded as a – if not the – central issue in conservation 

biology. 

John A. Wiens (1996) 
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1.1 Habitat fragmentation 
 

1.1.1 The concept 

 

Fragmentation may have several meanings in ecological science, but in the context of habitat 

fragmentation this concept has been used, sensu lato, as the combination of ‘habitat loss’ 

and habitat isolation (see Forman, 1995). Habitat fragmentation can be viewed both as a 

process (that which causes fragmentation) and as an outcome (the state of being 

fragmented; Wiens, 1989). Globally, fragmentation is often linked with a transition from being 

whole to being broken in two or more distinct pieces (Franklin et al., 2002). Some authors 

(see Bunnell, 1999, Lindenmayer and Fischer, 2006) argued that the generic term “habitat 

fragmentation” is often used loosely and encompasses a myriad of complex processes and 

changes that are often associated with landscape alteration. This frequently provokes a too 

broadly conceived, and therefore oversimplified, definition (panchreston, e.g., Lindenmayer 

and Fischer, 2006). Bunnell (1999) suggested that one possible solution for the 

fragmentation panchreston was to recognize that multiple processes occur and to work in 

order to separate them, allowing thus, consequences to be assigned to particular processes. 

However scientific literature rarely does this (see Lindenmayer and Fischer, 2006) making 

our understanding of the consequences of habitat fragmentation ironically fragmented 

(Watson, 2002). 

Franklin et al. (2002) reviewed this concept in a paper concerned with habitat 

fragmentation. These authors proposed that the outcome of habitat fragmentation can be 

defined conceptually as “the discontinuity, resulting from a given set of mechanisms, in the 

spatial distribution of resources and conditions present in an area at a given scale that 

affects occupancy, reproduction or survival in a particular species”. Thus, and resulting from 

the latter definition, the process of habitat fragmentation can be defined as “the set of 

mechanisms leading to the discontinuity in the spatial distribution of resources and conditions 

present in an area at a given scale that effects occupancy, reproduction and survival in a 

particular species” (Franklin et al., 2002). 

Globally, this term is often associated with land transformation, including the breaking 

of a large habitat into smaller pieces, or fragments (Forman, 1995). As landscapes become 

progressively fragmented, a greater number of fragments of varying shapes are created 

(Baskent & Jordan, 1995). Fragmentation is not just a matter of patch-level phenomenon, 

although this is the scale at which many of its biological impacts are perceived. However, it 
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should be noted that habitat fragmentation only happens when habitat loss reaches a point at 

which habitat continuity is broken down (Opdam & Wiens, 2002). 

In the last decades, both ecology and conservation sciences have focused intensely 

on the implications of habitat fragmentation with increasing isolation of remaining habitat 

patches (Diamond, 1975; Simberloff and Abele, 1976; Terborgh, 1976; Ambuel and Temple, 

1983; Harris, 1984; Robinson et al., 1992; Herkert, 1994; Robinson et al., 1995). Indeed, 

habitat fragmentation has often been identified as the most important factor contributing to 

the decline and loss of species worldwide (Noss & Cooperrider, 1994). The general interest 

in habitat fragmentation is the consequence of anthropogenic impacts in many areas and 

regions, mainly due to agriculture, forestry and development. These impacts often provoke 

huge land use and landscape changes by creating patchworks out of previously continuous 

native habitats, leading to landscape mosaics, composed by open fields, secondary 

vegetation, and patches of remnant habitat (see Wilcox and Murphy 1985; Wilcove et al., 

1986; Franklin and Forman 1987, Saunders et al.,1987). 

Over the last two decades, our understanding of the effects of habitat fragmentation 

on bird populations and on other animal and plant groups has increased tremendously (e.g., 

George and Dobkin, 2002). Early studies viewed habitat fragmentation as islands and 

interpreted patterns, like species richness in the context of island biogeography theory 

(Forman et al., 1976; Galli et al., 1976). However, it soon became evident that in contrast to 

oceanic islands, the matrix of surrounding fragments or patches deeply influenced the 

ecological conditions within those fragment patches (George and Dobkin, 2002). This seems 

to be the case, of rates of nest predation, in some cases parasitism (e.g., cowbirds Molothrus 

in North America), or eventually, for certain species, “psychological induced behaviour”. 

 

1.1.2 Temporal and spatial scales 
 

Temporal and spatial scales are important to address the problem of habitat fragmentation in 

ecology, influencing the conclusions about landscape patterns and processes (Hilty et al., 

2006). The spatial scale specifically refers to the two or three dimensions of an object or 

process; the temporal dimension works in one-way linear dimension. Thus, the spatial scale 

is also characterized by “grain” and “extent”. Grain is defined as the finest level of spatial 

resolution that is possible within a given data set, and “extent” is the size of a given study 

area. In ecology, usually coarse and fine are used to distinguish possible differences in 

“grain” and large and small for “extent”. Conversely, short and long-term are related to the 
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temporal scale. For example, most of the papers presented in this thesis are short-term 

analyses with one exception, the paper of Chapter 4. However, some of the events analyzed 

in these papers are related with long-term changes which influence the observed patterns 

(Reino et al., 2009). These temporal questions may be of major relevance because one-

time/one-year surveys cannot guarantee the occurrence of a species over years. It may be 

important to address this shortcoming when dealing with the conservation of highly 

fragmented landscapes (Hilty et al., 2006). 

 

1.1.3 Causes and consequences of habitat fragmentat ion 

 

Misconceptions about habitat fragmentation often arise due to differences between “naturally 

heterogeneous landscapes”, “patchy landscapes” and “human induced landscapes” (e.g., 

Hilty et al., 2006). Thus, there is some evidence that several species are adapted to 

heterogeneous and fragmented landscapes, while many suffer adverse consequences from 

human-induced changes that provoke habitat fragmentation (Wiens, 1989). Besides the 

differences, naturally fragmented and human-fragmented systems share commonalities. 

Apart from of the mechanism, there is general evidence in ecology that smaller 

patches/fragments of a given habitat contain fewer species and fewer habitat specialists, 

when compared with larger patches (see for example, Newton, 1998). 

Natural fragmentation acting over large areas tend to occur slowly (e.g., glaciations, 

volcanoes, avalanches), whereas human-induced often is rapid and recent (e.g., 

afforestation of an open-habitat, roads, housing). Habitat fragmentation linked with natural 

processes often occurred with different frequency, resulting in an altered landscape mosaic 

(Hilty et al., 2006). Thus, impacts of these two fragmentation types may be different for the 

same environment. 

Habitat isolation is often an important issue directly related with habitat fragmentation. 

The breaking of larger simple patches into smaller ones, i.e., habitat subdivision can isolate 

remaining patches. Also, habitat isolation is a process that affects an individual taxon (sensu 

Lindenmayer and Fischer, 2006). It should be regarded as the contrary of habitat 

connectivity, which for instance refers to the connection of different habitat patches for a 

given individual species. Globally it is believed that habitat isolation may contribute to a 

general decreasing in biological diversity within the original landscape (Pickett and 

Thompson, 1978; Wilcox and Murphy, 1985; Rolstad, 1991; Andrén, 1994; Murcia, 1995). 
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The influence of habitat isolation on wildlife must therefore be viewed as a species-

specific continuum that is normally dictated by the biology of the species and by 

environmental conditions (Harris, 1984). 

 

1.1.4 Species’ responses to habitat fragmentation 

 

Different species’ responses to habitat fragmentation and patchiness are dependent of the 

characteristical individual spatial requirements for edge versus interior locations in habitat 

patches (Wiens, 1989). However, differences in minimum individual area requirements are 

perhaps most obvious. In the last decades there are several studies concerning this issue. 

For example, in Japan the pigmy woodpecker (Dendrocopos kizuki) is rarely found in forest 

patches of less than 100 ha, while brown-eared bulbul (Hypsipetes amourotis) occurs in 

fragments as small as 0.1 ha (Higuchi et al., 1982). There is strong evidence that larger 

patches are often associated with more species (e.g., Lindenmayer and Fischer, 2006). For 

example Hinsley et al. (1995) conducted a study on the distribution of breeding birds in 

woodland fragments across an arable land in eastern England; in this study ten species bred 

in woods down to a minimum size of 0.1 ha or less (e.g., common wood pigeon Columba 

palumbus and blackbird Turdus merula), 18 species breed in fragments to a minimum size of 

0.1-0.5 ha (jay Garrulus glandarius and goldfinch Carduelis carduelis) and three species only 

in woods greater than 0.5 ha (e.g., chiffchaff Phylloscopus collybita). Other studies, for 

example conducted in Mediterranean Iberian forests, also suggested that the most relevant 

outcome for conservation in Iberian forest birds was the distinctive less capability of small 

woodland patches, in the Mediterranean Iberia, to maintain forest birds when compared with 

more mesic European localities (Santos et al., 2002). Thus, these results suggest that 

Mediterranean forests are much poorer habitats than those of equivalent size in central 

Europe (Santos et al., 2002). Other example comes from western North America (California, 

USA), where George and Brand (2002) investigated the relationship between patch area 

(forest) and the occurrence of bird species, finding that varied thrush (Zoothera naevia) and 

pileated woodpecker (Dryocopus pileatus) show a threshold response to patch area. 

These patterns of species-specific response to habitat patch area are associated with 

the minimal area requirements based on the occurrence or not of a given species in 

fragments of different size. Nonetheless it should be noted that a species may be absent 

from a fragment/patch of a certain size for a variety of reasons not necessary related with its 

area (e.g., failure to colonize, inadequate resources). In addition, the presence of a species 
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in a given fragment does not necessarily imply the establishment of a breeding population 

(Wiens, 1989). These results underlie a general rule that individuals generally will not occupy 

sites that fall below some threshold which defines an adequate area or territorial space 

(Wiens, 1989). The position of this threshold may vary considerably among species (Calder, 

1984) and is dependent of other variables. For example, the affinity of a species for edge 

versus interior habitats also influences its response to habitat fragmentation (Wiens, 1989). 

Habitat fragmentation provokes the reduction of the size of a habitat patch, and the 

proportion of the fragment that adjoins other habitat types (edges) increases (e.g., Levenson, 

1981; Forman and Godron, 1986). This may (or not) imply other habitat changes, like for 

example changes in the shape of a given patch. Changes like a reduction in fragment area or 

an alteration in patch shape often imply a loss of interior species and an overall increase of 

edge species (e.g., Butcher et al., 1981). Moreover, other species primarily associated with 

adjacent habitat types may also occur more frequently in the smaller habitat fragments, 

culminating in a diversity increase with fragmentation (e.g., Noss, 1983; Haila et al., 1987; 

Reino et al., 2009). 

 

1.1.5 Community effects of habitat fragmentation 

 

In view of the variation concerning the species responses to fragmentation, obtaining valid 

responses at community level might be too challenging or even futile (see Wiens, 1989). 

However, in the last three or more decades several studies were undertaken on the subject, 

evaluating correlations between the observed variations in the number and abundance of 

species in fragments, and fragment attributes. Not unexpectedly, fragment area was pointed 

out in several studies to be closely related to the number of species present in most 

situations (e.g., Ambuel and Temple, 1983; Opdam et al., 1985; van Dorp and Opdam, 

1987). This is considered to be the outcome of a global pattern expression between species 

number and area, being that area a habitat fragment or not (Wiens, 1989). Besides this 

general pattern, some studies did not found a relationship between the fragment area and 

the number of species (see Wiens, 1989 and references therein). 

The effects of habitat fragmentation on animal communities have been studied mostly 

in reference to bird species in temperate forests (e.g., Opdam, 1991; Bender et al., 1998; 

Hinsley et al., 1998; Santos et al., 2002). In Europe, most studies have focused on species 

loss in forest fragments, evaluating the potential effects of factors operating on local shape 
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and habitat structure, such as connectivity (e.g., Ford, 1987; Opdam, 1991; Bellamy et al., 

1996). Nonetheless, studies concerning broader regional scales were not frequent (Van Dorp 

and Opdam, 1987). However, the latter studies revealed the importance of considering larger 

scales in analysing habitat fragmentation (e.g., Santos et al., 2002). For example, Hinsley et 

al. (1998) observed a strong decrease northwards in the number of species retained by 

woodlots of similar area. In Mediterranean European forests the studies are scarcer (e.g., 

Díaz et al., 1998; Santos et al., 2002) but globally all studies suggested that negative effects 

of fragmentation on forest birds might be greater when compared with central Europe 

(Santos and Tellería, 1995). These results suggest the importance of scale when analyzing 

fragmentation. Thus, in the case of Mediterranean Europe, most of the area is arranged in 

peninsulas often isolated from the mesic conditions suitable for forest habitats that are 

widespread over most of Europe (Blondel and Aronson, 1999). 

 

1.1.6 Habitat fragmentation and local extinction 

 

One of the major consequences of habitat fragmentation is the local extinction of 

populations. The reduction in size and an increase of isolation of remnant fragment patches 

increase the influence of stochastic events on the availability of resources and other 

population life traits within a given patch, enhancing the likelihood that individuals of given 

species may disappear from a fragment (Wiens, 1989). 

In fact the number of individuals of any species that a given landscape can support, 

should be a positive function of the amount of habitat available to that species in the 

landscape (Fahrig, 2003). Nonetheless, several theoretical studies in a review published by 

the last cited author suggested the relationship is not proportional, predicting the existence of 

threshold habitat level below which the population cannot sustain itself (see references 

included in Fahrig, 2003). Fahrig (2003) also stated that the predicted occurrence of the 

extinction threshold results from habitat loss, and directly from habitat fragmentation. Again, 

theoretical studies suggested that habitat fragmentation can affect where the extinction 

threshold occurs in the habitat amount axis. Thus, habitat fragmentation effects per se are 

predicted to increase below some level of habitat loss. Fahrig (2003) also noted that there is 

some ambiguity in the interpretation of the extinction threshold. 

From a more practical view, the loss of species that frequently accompanies the 

fragmentation is usually non-random. For example interior species are more sensitive to 
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extinction. The same usually applies to larger species: habitat specialists or high trophic 

position species are usually more prone to extinction. This may be explained by the low 

frequency of occurrence among patches and low abundance (Wiens, 1989). 

 

1.2 Edge effects  

 

1.2.1 The concept 

 

“Edge effect” is among the oldest and long-surviving concepts in ecology (Sisk and Battin, 

2002). Clements (1907) is attributed as the first to identify the relevance of edges when he 

introduced the term “ecotone” (Luck, 2007). Almost three decades later Leopold (1933, p. 

132) defined his principle of edge which states: “Abundance of non-mobile wild life [sic] 

requiring two or more [habitat] types, appears, in short, to depend on the degree of 

interspersion of those types...”. Leopold (1933) referred “the edge effect” to explain why 

some game species (mainly birds) were more abundant in patchy agricultural landscapes 

than in larger patch fields and forest areas. He suggested that the possibility that he called 

“desirability of simultaneous access to more than one (habitat)” and also “the greater 

richness of (edge) vegetation” supported higher abundances of many species and higher 

species richness in general. This vision was a repercussion of decades as a forester and 

game manager. Thus, a somewhat “positive attitude” towards the role of edge effects in 

animal  abundance and distribution reflects the focus of early wildlife managers on game 

species, many of them often using early successional and/or edge habitats preferentially 

(Sisk and Battin, 2002). Later but still on the thirties of the twenty century, Lay (1938) 

provided some of the earliest empirical evidence supporting again an increasing abundance 

and species richness around woodland edges. The interpretation of these patterns started a 

long tradition of deriving management guidelines, for example in avian ecology, from studies 

of bird abundances and species diversity around edges (Sisk and Battin, 2002). Lay (1938) 

claimed that the “maximum development of an area for wildlife requires... small but 

numerous clearings” and was accepted by numerous wildlife researchers and found its own 

way in many ecological textbooks over a period of several decades in the last century (Sisk 

and Battin, 2002). The culmination of this was the often called “law of edge effect” (Odum, 

1958). 
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1.2.2 Historical overview 

 

In a relatively recent review, Sisk and Battin (2002) examined 215 peer-reviewed studies 

providing a comprehensive perspective of the development of the edge effects concept in the 

primary literature and its current understanding of edge effects in the context of habitat 

fragmentation. Thus, this review is also concerned about the implications of the dominant 

literature for managing and planning proposes of animal populations in general and avian 

populations in particular. 

Besides the relatively amount of analysed studies, 88% of the studies were related to 

eastern half of North America. Other areas with considerable studies were Northern Europe 

and Western part of North America. A geographical bias is also shared by a habitat bias 

since 73% of all studies were focused in forest habitat studies, with 33% of all studies 

focused on edges with agricultural habitats. The analysed studies also revealed a strong 

tendency to focus on patterns in species abundance (44%) and species richness (17%) 

around edges. Nonetheless, most studies have been focused in evaluating patterns of 

animal distribution near edges, but typically failed to address the underlying factors 

responsible by the observed patterns (Sisk and Battin, 2002, and references therein 

included). 

 

1.2.3 Edge responses: a mechanistic approach 

 

In the last decades we assisted to a growing interest in understanding the underlying 

mechanisms that are contributing for habitat fragmentation. Thus, conservation ecologists 

have invoked a broad range of mechanisms to explain changes in species abundance 

around edges (e.g., Wiens et al., 1985; Fagan et al., 1999; Cadenasso et al., 2003). 

Consequently, this was considered to be a relevant concern for placing habitat fragmentation 

into the context of either an acceptable ecological process, or the need for conservation 

action. 

Ries et al. (2004) identified four fundamental mechanisms that contribute for changing 

abundance patterns across habitat edges: 

1) Ecological flows; 

2) Access to spatially separated resources; 

3) Resource mapping, and; 
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4) Species interactions. 

 

Ecological flows are related with the movement of material, organisms, or energy 

among different patches (Wiens et al., 1985; Cadenasso et al., 2003). In fact access to 

resources that are spatially separated may be facilitated near edges, mainly for species 

whose required resources are found in different and diverse habitat types (Leopold, 1933; 

Dunning et al., 1992; McCollin, 1998; Fagan et al., 1999). These first two mechanisms, 

fundamentally, alter habitat quality of edges comparing to patch interior. Habitat edges have 

a maximum exposure to flows from adjoining patches and are the ideal location to get access 

to spatially separated resources (Ries et al., 2004). 

The other two mechanisms, resource mapping and species interactions are important 

components in an overall framework, how edges influence distributions. Resource mapping 

occurs when organism’s distribution reflects the distribution of its resources. By the other 

hand, species interactions describe any interspecific relationship that influences one or both 

species (Ries et al., 2004). 

 

1.2.4 Ecology and nest predation 
 

There is a general evidence for higher predation rates around habitat edges (e.g., forest 

edges), even though this pattern is far from universal (see Sisk and Battin, 2002). The 

evidence for differences in nest predation rates around habitat edges has concerned avian 

ecologists in the last decades. Most reviews concerned about edge effects and nest 

predation address not only how frequently edge effects occur in nest predations studies, but 

also possible explanations regarding why some experimental field studies failed to find edge 

effects while others did not (Sisk and Battin, 2002). However landscape context is pointed 

out as a major reason for higher predation rates around habitat edges. 

Paton (1994) found, in 10 out of 14 analysed studies using artificial nests, evidence of 

edge effects in nest predation rates. Andrén (1995) also found higher predation rates around 

edges and specifically in North America, Hartley and Hunter (1998) also found some 

evidence, in 5 out of 13 studies, of differences in predation rates between edge and interior 

species. These three reviews found that several studies showed different predation rates 

between edges and interior habitats, but not consistently. Thus, lower predation rates may 

occur around edges (see Paton, 1994; Andrén, 1995). Sisk and Battin (2002) also reported 

that these authors, while seeking for understanding this variable pattern on edge effects 
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arrived to remarkable different conclusions. Paton (1994) pointed out that “significant edge 

effects were as likely to occur in forested as in unforested landscapes”, whereas Andrén 

(1995) suggested  that edge effects were more likely in agricultural than in forested 

landscapes. Later Hartley and Hunter (1998) found some evidence for a tendency for a 

higher predation in unforested than in forested landscapes. Sisk and Battin (2002) suggested 

that these inconsistencies may be related to the fact that Andrén (1995) considered both 

edge effects and patch size in a single analyses, whereas the other two studies did not. 

Conversely, Paton (1994) and Hartley and Hunter (1998) found a very strong relationship 

between nest predation rate and patch size, suggesting that Andrén (1995) may have 

confounded the effects, by lumping patch and edge effects (Sisk and Battin, 2002). Another 

question may be related to difficulties in establishing real patterns driving from artificial nest 

studies since there is a tendency for higher predation rates in artificial nests, when 

comparing with natural nest studies. In brief and besides several studies pointed out a 

tendency for increasing predation rates around edges, it is still unclear if this is a widespread 

phenomenon. 

 

1.2.5 Characteristics of edge effects 

 

The edge of a vegetation patch can be broadly defined as a marginal zone of altered 

microclimatic and ecological condition that contrasts with its interior (Matlack, 1993). Different 

types of edges have been identified but a first step is to classify edges by their origin: natural 

and human-induced. In general terms edges occur naturally at the interface zone of two 

ecological communities. These natural boundaries are sometimes termed ecotones, and can 

support distinct animal and plant communities (Witham et al., 1991). 

In man-induced landscapes, resulting edges are also related to the modified 

landscapes (Lindenmayer and Fischer, 2006). For example in Castro Verde area (southern 

Portugal) afforestation of open-landscape habitats resulted in an edge between the new 

forests plantations and the remnant open steppe-like habitats (Reino et al., 2009). Edges can 

also be classified as “soft”, where the transition between the two different patches is gradual, 

or “hard”, typical of boundaries with marked contrasts in vegetation structure and other 

features, as well (Forman, 1995). 

Edge effects refer to changes in both biological and physical conditions that occur at 

an ecosystem boundary and within adjacent patches of different habitats (Wilcove, 1985; 
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Temple and Cary, 1988; Kremsater and Bunnell, 1999; Lindenmayer et al., 2008). Harper et 

al. (2005) classified edge effects as either primary responses that arise directly from edge 

creation or secondary responses that arise indirectly as a consequence of edge creation. 

Primary responses include, for example, vegetation damage, disruption of the forest floor 

and soil, increased dispersal of pollen and seeds, and changes in evapotranspiration, 

nutrient cycling, and decomposition. Secondary or indirect responses to edge creation 

include regeneration, growth, reproduction and mortality, reflecting both the edge-related 

gradients and primary responses to it (Harper et al., 2005). 

Edges may also be classified by the kind of impacts they provoke in local climate and 

abiotic processes (e.g., altered wind and light penetration) or on biota (e.g., changing the 

predation levels) (for a review see Lindenmayer and Fischer, 2006). 

 

1.2.6 Patterns in community organization 

 

There is a general trend for overall species richness to be negatively correlated with distance 

from the fragment edge to the fragment interior (Ewers and Didham, 2006 and references 

there included). However, certain species have specific habitat needs that may be found only 

in larger habitat patches, while others seem to avoid habitat edges. Edge avoidance has 

been attributed to competitors or to generalist predators and parasites (e.g., new world 

cowbirds) which penetrate the habitat from surrounding areas (Newton, 1998). Thus, 

changes in abiotic conditions around habitat edges may contribute to the establishment of 

new plant species, and previously absent animal species may map onto these novel 

resources leading to new interactions that may affect multiple taxa and even may change the 

overall community composition and structure (Ries et al., 2004). Different mechanisms may 

interact in different and complex ways to influence an individual species’ distribution and, 

eventually, community structure around edges (Ries et al., 2004). Wiens et al. (1995) 

reported that a single edge effect may create a cascade of edge effects in a wide range of 

organisms. 

Edge responses can also “scale up” to influence long-term population dynamics and 

overall community structure (Ries et al., 2004). Most of the studies are too focused in single 

species’ responses, but a framework for predicting community level responses to habitat 

edges is still missing (Ries et al., 2004). 



Farmland bird responses to land use changes: the role of habitat fragmentation   |   13 

 

Luís Reino (2009) 

Several studies have measured community changes near edges with increases in 

species diversity as the most common result. Sisk and Battin (2002) analysed 21 studies, 

with 34 separated treatments that have examined density or species richness of the overall 

bird community assemblage. The vast majority of these studies were conducted in forest 

habitats (19 with 17 treatments). This review revealed that 21 treatments reported higher bird 

densities around edges, while 10 reported a neutral response to edge effects and three 

showed a negative effect. Most of the forest studies showed an overall pattern of higher 

density at edges. Conversely, a weaker pattern was found regarding the overall species 

richness. Also, sixteen treatments found higher bird abundance around edges, with eight 

showing no significant response and three a negative response. Nine treatments found 

higher species richness at edges, while 10 found no difference, and two revealed a 

decrease. 

This review showed that unequivocal pattern of higher avian bird abundance and 

richness around edges does not emerge from the data (Sisk and Battin, 2002). Thus, recent 

studies suggested a pattern where positive responses are common, whereas negative 

responses are relatively rare. Again, Sisk and Battin (2002), suggested that this could be a 

consequence of a general principle, suggesting that overall species richness and density 

increase at most edges. 

Nonetheless, underlying causes and implications of changes in species diversity near 

edges remain unclear. Ries et al. (2004) suggested that increased diversity around edges 

could arise as a result of additive effect of species using each habitat type, increments of 

species using novel edge habitat, or even some other emergent property. 

 

1.3 Landscape change and habitat fragmentation of o pen 

landscapes 

 

Landscape change has become a major issue of both conservation biology and landscape 

ecology in recent decades (e.g., McGarigal and Cushman, 2002; Fahrig, 2003). Besides a 

recent interest in Western countries about the consequences of land use changes, this topic 

has received by far less public attention than other threats to both natural or semi-natural 

systems, such as global climate change or water and air pollution (e.g., Hilty et al., 2006). 

Land use changes and possible resulting impacts to habitats, often happen incrementally 

with apparently subtle effects. Moreover, it can be difficult to evaluate the cumulative effects 
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of those incremental changes (Hilty et al., 2006). Nonetheless, the impacts of land use 

changes, such as local climate are often not taken into account (see Lashof et al., 1997). 

Landscape changes are often associated with the loss of habitat and with habitat 

fragmentation (see Lindnmeyer and Fisher, 2006). The implications of habitat fragmentation 

are huge, and are by far beyond the area of land use that is converted to another (e.g., Reino 

et al., 2009). 

In recent decades one of the main trends in Mediterranean Europe is the decline of 

arable land (e.g., Alados et al., 2004). Moreover, at the European context since the late 

1980s grant schemes has encouraged the afforestation of land previously used by 

agriculture (Madsen, 2002). These changes are often linked with socio-economical changes 

that have provoked land abandonment of less fertile rural areas, for example in the 

Mediterranean Basin (Preiss et al., 1997). In Mediterranean farmland the consequent 

abandonment of traditional agricultural activities leads to secondary succession and 

vegetation development, increasing the amount of shrubs and forests at landscape scale 

(Escarré et al., 1983; Sirami et al., 2007; Reino et al., 2009). Socioeconomical changes are 

important drivers in this process, land that is too marginal is often abandoned and only the 

areas with best arable soils are maintained under cultivation (Van Doorm and Bakker, 2007). 

This changed the former landscape, which was largely based on open-habitats dominated by 

extensive agricultural fields. 

 

1.3.1 Effects of fragmentation of open-landscapes 

 

Land use changes, as afforestation in open-habitats often result in enormous ecological 

shifts (Avery, 1989). Particular attention has been given since the 1980s to the effects of 

afforestation on birds of open country (e.g., Stroud et al., 1987; Nature Conservancy Council, 

1986). Afforestation provokes alterations within the planted ground that will affect steppe-like 

and grasslands birds in general. Gradually these communities will be replaced by birds 

having scrub as their characteristic habitat followed by woodland species (Moss et al., 1979; 

Avery and Leslie, 1990). For North America, Knopf (1994) reported that fragmentation of 

American prairies by different land uses has clearly caused population declines for many 

grassland species. 

Another issue that is commonly associated with habitat fragmentation is that the 

associated changes may act beyond the area of habitat that was really loss or altered, 
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provoking the so called “edge effects” (see edge effects in this section). Nonetheless, and 

besides the general knowledge about the consequences of habitat fragmentation, most 

studies on bird communities in forest-open land mosaics have concentrated on the forest 

patches and on the forest specialist species (see Pithon et al., 2005). In most studies 

remnant forest patches are viewed as original valued fragments, which have been gradually 

eroded by agriculture (Opdam et al., 1985; Bellamy et al., 1996). In such circumstances, 

agricultural and general open-habitat matrix is viewed as hostile to birds that usually inhabit 

forest fragments. There are relatively few studies that analyse the opposite situation - 

fragmentation of arable land mainly due to afforestation. In UK some studies have been 

carried out in the last 30 years, mostly concerning the potential effects of upland afforestation 

on bird communities (Newton et al., 1982) with particular concern about the effects in more 

valuable habitats, for example the afforestation of moorlands (e.g., Stroud et al., 1987; Avery, 

1989). Thereafter, other studies were conducted in other European countries as Ireland 

(Pithon et al., 2005) and Portugal (Reino et al., 2009). 

Most of the studies reported both positive and negative effects on the overall bird 

community. Nevertheless, at a more local level some farmland birds were particularly 

affected not only by the direct loss of habitat, but also due to detrimental effects related to 

edge effects (see Pithon et al, 2005; Reino et al., 2009). In the following chapters we 

investigate some of these issues in steppe-like habitats in southern Portugal. 

 

1.4 Ecology and conservation of steppe birds and th eir habitats  

 

1.4.1 Steppe birds: a definition 

 

Most of the work presented in this thesis is in one way or another concerned with steppe 

birds; sometimes generalizations are made to more global and open land birds. For the very 

beginning the main goal of this thesis was to evaluate from different perspectives and views 

issues associated with the conservation and ecology of steppe birds in southern Portugal, 

mainly for more abundant species. 

However, defining steppe birds is not a straightforward matter. De Juana (2005) 

noted that “steppe birds” does not figure as general category in the international 

ornithological literature. This may also be a consequence of the different but similar and 

sometimes confounding terms common in Anglo-Saxon literature: grassland birds, shrub-
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steppe birds, and desert birds. For example, in an important monograph entitled Ecology and 

conservation of grassland birds (Goriup, 1988), grassland and steppe birds are used in 

different papers across the book, including for regions with strong similitude (e.g., for North 

America, see McNicholl, 1988; Knopf, 1988). I look forward for a definition of “steppe birds” in 

the relevant “A dictionary of birds” (Campbell and Lack, 1985), but this term is omitted and I 

just found a relatively clear definition for “steppe”: 

 

 treeless uncultivated plain, usually as found in Central Asia. 

 

So the question arises: In what extent is it correct to speak of “steppe birds”? 

 

Considering this last definition and as stated by De Juana (2005), logically steppe birds 

would be those of the Asian steppes. Nonetheless other authors, including the latter, 

suggested that this definition could be extended in order to include those bird species 

inhabiting structurally-similar terrain in other regions, including North American prairies, 

South American pampas, African savannas, Australian semi desert and the so called 

“pseudo-steppes”. In other words areas that include various types of cultivated lands, 

comprising extensive, flat and almost treeless landscapes (see Suárez et al., 1997; De 

Juana, 2005). These environments are dominated by a vegetation cover of grasses and 

usually dwarf shrubs. 

So and considering the latter definition, should we encourage the use of the term 

steppe birds? De Juana (2005) reviewed critical issues regarding the ecology and natural 

history of the species often called to belong to the steppe birds group. He concluded that 

considering different range of characteristics like different adaptations to the open-habitat, 

behaviour patterns and reproduction it is possible to find a common dominator. They are not 

exclusive to this group but tend to occur in all groups irrespective of their phylogeny, and 

make up a coherent bird assemblage that is clearly oriented towards the limitations of the 

environments shared by this group. In brief these characteristics are (De Juana, 2005): 

1. Ground nesting or nesting near the ground; 

2. Cryptic coloration, more or less earth-coloured, in both juveniles and adults; 

3. Tendency to move by walking or running, which implicates morphological adaptation; 

4. A strong gregarious behaviour in several aspects; 

5. Adapted behaviour to strong sun and water shortage, including dust-bathing; 

6. Strong tendency for aerial singing at courtship, excluding in larger species; 
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7. Various adaptations serving to reduce the impact of nest predation as far as possible. 

 

In the present thesis, I will often refer steppe birds in accordance to the stated before. 

Though I believe that this definition is not strictly correct, there are huge advantages in the 

utilization of this term in the ornithological literature, especially in places like Iberia, southern 

France and Italy, but also other areas with pseudo-steppe habitats. Notice however that 

other terms will be used across the thesis in accordance to the specific goals of each paper 

and audience. 

 

1.4.2 Conservation of steppe birds in Europe 

 

Several bird communities are ecologically dependent on steppe-like habitats and other 

similar habitats worldwide. Groups like ground-nesting species, granivorous and raptors are 

usually well represented within these communities. Moreover, the status, distribution, biology 

and conservation of these open-land birds around the world has received international 

attention in the last decades, mainly those concerned with raptors, bustards and cranes (e.g., 

Goriup, 1988; Bota et al., 2005). 

The conservation status of steppe birds in Europe has suffered some deterioration 

(Burfield, 2005). Tucker and Evans (1997) identified 65 bird species of conservation priority 

concern in steppe habitat in Europe. Thus, steppe habitat was second when considering the 

overall of the seven agricultural and grassland habitats, after arable and improved 

grasslands (81 species). Indeed steppic-like habitats supported more Priority A and B 

species than arable and improved grasslands, despite the wide range of the latter habitats in 

Europe (Burfield, 2005). This is the consequence of two main factors: 

1. No other terrestrial habitat in Europe held such a high proportion of species with 

unfavourable conservation status (64% in arable and improved grassland); 

2. 43% of steppic species had the majority of their populations concentrated in this 

habitat (27% of those in arable and improved grassland). 

 

Also, all seven Priority A steppe species were considered to be of global conservation 

concern (Collar et al., 1994). 
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1.4.3 Distribution and population trends of steppe birds in Iberian Peninsula 

 

Iberia is the most important area in Europe for the conservation and maintenance of steppe 

bird communities (Santos and Suárez, 2005). Steppe birds inhabit steppe-like landscapes 

that are generally the result of man’s intrusion into natural ecosystems, for example cutting 

down trees, setting brush fire, grazing livestock and growing crops (De Juana et al., 1998). 

The overall importance of Iberian steppe bird community is supported by the following facts 

(Tucker and Heath, 1994; Hagemeijer and Blair, 1997; Santos and Suárez, 2005): 

1. All European steppe birds are present in Iberia; 

2. In the context of European Union some species are Iberian exclusive: black-bellied 

sandgrouse (Pterocles alchata), Dupont’s lark (Chersophilus duponti), lesser short-

toed lark (Callandrella rufescens) and trumpeter finch (Bucanetes githagineus); 

3. Three species are also very confined to Iberia: great-bustard (Otis tarda), pin-tailed 

sandgrouse (Pterocles orientalis) and Thekla lark (Galerida theklae); 

4. 13 out of 18 remaining species (see Santos and Suárez, 2005) have their largest 

populations concentrated within Iberia and one other has its second-largest European 

population there (see Santos and Suárez, 2005 and references there included). 

The composition and distribution of the Iberian steppe avifauna are a result of complex 

interplay of natural and anthropogenic influences which together make up the current 

situation (Santos and Suárez, 2005). 

 

1.4.4 Current distribution of steppe birds: bioclim atic factors and major habitat 

types 

 

Habitat and climate are two main factors influencing the distribution of organisms (e.g., 

Krebs, 1994). This seems to be the case of most of the Iberian steppe bird avifauna (e.g., 

Martí and del Moral 2003; Santos and Suárez, 2005; Equipa Atlas, 2008). Santos and 

Suárez (2005) reviewed geographical distribution patterns of Iberian steppe birds, the 

analysis was split off in non-passerines and passerines (order Passeriformes). Here, I will 

analyse the main results and considerations obtained for the passerines. 

The distribution analyses of passerines associated with Iberian steppe habitats 

revealed some common features, but also a considerably variation. For example, Anthus 

campestris and Alauda arvensis by one way and Sylvia conspicillata and Chersophilus 
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duponti, by other, showed a considerable similar distribution pattern. The first two species 

are widely distributed across the Eurosiberian region in Europe (Voous, 1960). In Iberia both 

species attain maximum densities in supra-Mediterranean dwarf-steppes, are less abundant 

in the meso-Mediterranean and are absent from the thermo-Mediterranean. The other two 

share a very common distributional pattern in Spain with a preference for steppic habitats in 

supra-Mediterranean areas. Both species are limited to the Mediterranean region in its broad 

sense (Voous, 1960). All other passerines in the analyses provided by Santos and Suárez 

(2005) exhibit quite different distribution patterns making generalizations more difficult. For 

example Galerida larks show divergent habitat preferences, with crested lark (Galerida 

cristata) breeding quite exclusively in cultivated habitats, whereas Thekla lark is often more 

associated with shrub-steppes and pastures. Calandrella larks differed nevertheless in their 

altitudinal distribution pattern. Short-toed lark (Calandrella brachydactyla) shows a marked 

preference for the supra-Mediterranean, whereas the lesser short-toed lark (Callandrella 

rufescens) selects the two lower bioclimatic stages (thermo and meso-Mediterranean). The 

Mediterranean calandra lark (Melanocorypha calandra) shows a clear preference for the 

meso-Mediterranean, and, at the habitat level, for pastures. Nevertheless, it is also abundant 

in cultivated land in all bioclimatic stages and in sparse shrub-lands of the meso-

Mediterranean. Finally, the corn bunting (Emberiza calandra) is more abundant in thermo-

Mediterranean croplands, though it should be stressed that the most remarkable feature is its 

significant presence in all the possible combinations of bioclimatic stages and habitats 

(Santos and Suárez, 2005). 

Even though this analysis was restricted to Spain, results are extremely valuable for 

Portugal. Most of the steppe-like species in Portugal are mainly restricted to the Alentejo 

area, with more restricted areas in the North and Centre of the country (Equipa Atlas, 2008). 

 

1.5 Aims and structure of the thesis 

 

This thesis was focused on the evaluation of different aspects related to the physical context, 

and to biological, environmental and field management that potentially may affect the 

ecology and distribution of the steppe bird community in southern Portugal. In this context 

the general goals were: 
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• To assess farmland bird responses to woody edges and how these are affected by 

edge and landscape characteristics; 

• To quantify the joint influence of field management and landscape chracteristics on 

the distribution and abundance of grassland bird specialists; 

• To assess how the recent CAP reform may affect open farmland birds by potentially 

increasing habitat fragmentation and changing the grazing regimes; 

• To assess whether afforestation increases nest predation risk in surrounding 

farmland, by inducing modifications in nest predator assemblages; 

• To use the information gathered on the relationships between grassland birds and 

habitat fragmentation to improve agri-environment prescriptions targeted at the 

conservation of birds in Mediterranean farmland. 

Therefore, this thesis was structured to address the main objectives outlined above. Each of 

the following chapters (2-5) was prepared as a single paper to be submitted for possible 

publication in international journals or already published in a scientific journal. This section 

summarizes each chapter, evidencing specific and main methodological approaches. 

 

Chapter 2: Distance to edges, edge contrast and lan dscape fragmentation: 

interactions affecting farmland birds around forest  plantations 

 

Published in Biological Conservation, (2009) 142: 824-838. 

 

The major aim of this paper was to investigate how farmland birds respond to forest edges in 

southern Portugal, in a area dominated by grassland habitats. In Mediterranean regions, 

afforestation of marginal agricultural land has increased over the past decades, following a 

long-term trend of rural depopulation and abandonment of poorly productive soils. Several 

areas in the surroundings of Castro Verde were intensivelly afforested in the last decades 

contributing for the loss of suitable habitats for steppe-like bird species. We examined 

farmland bird responses to forest edges in the area of Castro Verde, examining how bird 

assemblages vary with distance to forest edges in terms of (i) overall species richness and 

abundance, (ii) richness and abundance of birds grouped according to habitat requirements; 

and (iii) abundance of the most common species. Also, we investigated how edge and 

landscape composition modify bird responses to edges. This study was based on bird counts 

made at 0, 100, 200, 300 and > 300 m from oak, pine and eucalyptus edges, embedded in 
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landscapes with variable amounts and spatial configurations of forest plantations. This 

information was then used to discuss the consequences of afforestation for bird conservation 

in adjacent farmland areas. 

 

Chapter 3: Calandra lark habitat selection: strong fragmentation effects in a 

grassland specialist  

 

Published in Acta Oecologica, (in press), doi:10.1016/j.actao.2009.10.002 

 

The main aim of this paper was to examine the field and landscape-scale habitat 

requirements of the calandra lark (Melanocorypha calandra), an obligate grassland bird often 

associated with open Mediterranean farmland. This study considered both winter and 

breeding seasons, across a gradient of agricultural intensification-abandonment in southern 

Portugal. Bird data consisted of a set of sampled fallow fields distributed across the 

landscape. The study adopted a variation partitioning approach to isolate the unique 

contributions of field and landscape sets of variables to the explanatory power of distribution 

and abundance models, thereby contributing to identify critical elements that should be 

considered for the conservation management of this species. Neighborhood effects were 

also considered in variation partitioning, to account for eventual spatial autocorrelation in 

species distribution resulting from spatially structured habitat conditions or demographic 

effects. This information was then used to discuss agri-environment prescriptions favouring 

the persistence of calandra larks and other open grassland birds in Mediterranean farmland. 

 

Chapter 4: Grassland bird responses to land use cha nges in Mediterranean 

farmland: joint effects of grazing regimes and habi tat fragmentation 

 

Submitted to an ecological journal 

 

In this paper we investigated the potential environmental effects of the recent CAP reform 

(2005), evaluating the responses of breeding grassland birds to landscape context and field 

management, across a gradient of agricultural abandonment-intensification in extensive 

cereal steppes of southern Portugal. The study was based on two periods of field sampling 

(2000/01 and 2004), focusing on the five most abundant bird species occurring in fallow 
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fields across a Mediterranean farmland in southern Portugal. Fallow fields were selected 

because they are particularly relevant for bird conservation in Mediterranean cereal-steppe 

landscapes. This farming system is economically dependent on subsidy schemes, and so it 

is highly vulnerable to changes in agricultural policies such as the recent CAP reform. In 

particular, this system may be strongly affected by the introduction of the single farm 

payment and the associated decoupling of payments from current production levels. The 

study showed that field patterns influenced the abundance of grassland birds, though the 

type and strength of such relationships varied greatly among species. Partitioning of 

explained variation between field and landscape sets of variables showed marked 

differences among species and between sampling periods. Responses were species-

specific, with highest densities associated with particular landscape configuration, herbivore 

species (sheep versus cattle) and fallow field age. Results supports the view that both habitat 

fragmentation and grazing regimes are major drivers of breeding grassland bird densities 

and that edge effects may be one of the main factors mediating grassland bird responses to 

habitat fragmentation. This study also showed that bird species association with either sheep 

or cattle may mirror the broadly different features of herbaceous vegetation in pastures 

stocked with each of these herbivores, as sward structure is generally the simplest and most 

consistent determinant of field usage by grassland birds. Moreover, this study sugested that 

efforts for preventing potential undesired consequences of diferent agricultural policies are 

urgently needed. 

 

Chapter 5: Does afforestation increase nest predati on risk in surrounding 

farmland?  

 

To be submitted 

 

This paper focused on the associations between landscape context and both potential 

predators and nest predation risk in Mediterranean farmland in Southern Portugal. This is a 

sister article of the one presented on Chapter 2, with the same general experimental design. 

Nest predation is regarded as one of the main factors that could contribute to population 

declines of ground-nesting farmland birds, though it remains poorly understood how ongoing 

changes of farmland landscapes may affect both predator assemblages and nest predation 

risk. This article addressed this issue, estimating the contribution of both landscape 

composition and configuration to spatial variation in both mammalian and avian potential 
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predators across a gradient of afforested farmland in southern Portugal. Correlates of 

variation in nest predation rates were also evaluated using an experimental design based on 

artificial nests. Although, this study failed to find a significant increase in nest predation rate 

close to forest plantation edges, an association could be established between nest predation 

rates and a gradient of farmland fragmentation. Nest predation rates were highest in areas 

with higher cover by forest plantations, but usually at intermediate levels of farmland 

fragmentation. These result reinforces previous findings concerning the potential detrimental 

effects of afforestation in Mediterranean open farmland. Indeed, the fragmentation of open 

farmland habitats through afforestation seemed to promote an increase in the overall 

abundance of most nest predators, and as a consequence an increase in nest-predation rate 

of ground-nesting birds. This study also supported the view that forest plantations attributes 

are important factors in shaping the predators assemblage, with mature plantations providing 

most suitable refuge conditions to predators (e.g., corvids and carnivores). Taken together, 

these results further emphasise the need to revert current trends of scrub encroachment and 

afforestation of marginal agricultural land in the Mediterranean region, as this process may 

have the dual negative impact of reducing valuable farmland habitats, and simultaneously 

adding predation pressure to remnant farmland fields. 
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ABSTRACT 

 

Afforestation often causes direct habitat losses for farmland birds of conservation concern, 

but it is uncertain whether negative effects also extend significantly into adjacent open land. 

Information is thus required on how these species react to wooded edges, and how their 

responses are affected by edge and landscape characteristics. These issues were examined 

in Mediterranean arable farmland, using bird counts at 0, 100, 200, 300 and > 300 m from 

oak, pine and eucalyptus edges, embedded in landscapes with variable amounts and spatial 

configurations of forest plantations. Bird diversity declined away from edges, including that of 

woodland, farmland and ground-nesting birds. Positive edge responses were also found for 

overall and woodland bird abundances, and for five of the nine most widespread and 

abundant species (Galerida larks, stonechat, linnet, goldfinch and corn bunting). Strong 

negative edge effects were only recorded for steppe birds, with reduced abundances near 

edges of calandra larks and short-toed larks, but not of little bustards and tawny pipits. Edge 

contrast affected the magnitude of edge effects, with a tendency for stronger responses to 

old and tall eucalyptus plantations (hard edges) than to young and short oak plantations (soft 

edges). There were also species-specific interactions between edge and fragmentation 

effects, with positive edge responses tending to be strongest in less fragmented landscapes, 

whereas steppe birds tended to increase faster away from edges and to reach the highest 

species richness and abundances in large arable patches. Results suggest that forest 

plantations may increase overall bird diversity and abundance in adjacent farmland, at the 

expenses of steppe birds of conservation concern. 

 

Keywords:  Afforestation, edge effects, landscape management, grassland, Mediterranean 

farmland, steppe birds. 
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2.1 Introduction 

 

Afforestation is a prominent conservation issue in many regions worldwide, especially where 

forests replace open habitats of conservation significance (Díaz et al., 1998; Shochat et al., 

2001; Brennan and Kuvlesky, 2005). Forests are often planted on grassland and shrubland 

to increase profits from otherwise poorly productive soils, though there may also be 

conservation objectives such as restoring forest ecosystems in marginal or abandoned 

farmland (Madsen, 2002; Santos et al., 2006; Lazdinis et al., 2005; Loyn et al., 2007). 

Climate change has prompted much interest in large-scale afforestation to reduce 

atmospheric concentrations of carbon dioxide (Potter et al., 2007), raising concerns about 

potential impacts on biodiversity (Matthews et al., 2002; Caparrós and Jacquemont, 2003; 

García-Quijano et al., 2007). Information is thus increasingly required on the 

interrelationships between afforestation and biodiversity, to evaluate environmental costs and 

benefits of afforestation policies, and to design afforestation programmes with minimal 

impacts on biodiversity. 

The loss of open habitat is the most direct impact of afforestation, causing the 

replacement of open habitat species by forest species. Although this is positive where the 

latter are the targets of conservation efforts (Loyn et al., 2007), plantations are often used by 

generalist and widely distributed species, occupying areas previously inhabited by grassland 

and shrubland species of conservation concern (Díaz et al., 1998; Shochat et al., 2001). 

Much less is known about the impacts of afforestation on adjacent open land, though 

theoretical and empirical evidence suggests that effects may extend well beyond forest 

boundaries (e.g., Ries et al., 2004; Ewers and Didham, 2006a). These impacts arise due to 

habitat fragmentation, as continuous patches of open habitat are broken into smaller, 

isolated patches surrounded by a matrix of forested habitats, increasingly influenced by the 

proliferation of habitat edges (Ries et al., 2004). 

Edge effects may play a critical role in determining impacts of afforestation, mediating 

landscape-scale changes in species richness, composition and abundances (Ries et al., 

2004; Ewers and Didham, 2007). Species characteristic of open habitats are often absent or 

scarce near wooded boundaries (Coppedge et al., 2004; Fletcher, 2005), and are expected 

to decline with increasing edge density in smaller and more convoluted patches (Ewers and 

Didham, 2007). At the same time, however, edges are preferred by a number of other 

species, which tend to increase in more fragmented landscapes (Söderström and Pärt, 2000; 
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Coppedge et al., 2004). Indeed, habitat edges may actually be richer in species than either of 

the adjacent habitats, though increases in species richness with distance to edges have also 

been reported (Ewers and Didham, 2006a). The impacts of afforestation are thus conditional 

on assemblage composition and on the conservation value of sets of species showing 

positive and negative responses to edge effects. The magnitude of such impacts depends on 

the penetration of edge effects into adjacent habitats, which may be greatly affected by 

changes in edge and landscape features. Edge effects may penetrate more where the 

contrast between edges and adjacent habitats is high (Ries et al., 2004), and their strength 

may change with landscape fragmentation, due to the cumulative effects of multiple edges 

(Fletcher, 2005) and synergistic interactions between edge and patch area effects (Ewers et 

al., 2007). At present, however, it is largely unknown how open habitat species with different 

life histories and habitat requirements react to forest plantation edges, and how these 

responses are affected by edge and landscape characteristics. 

We investigated these issues by examining the responses of farmland birds to forest 

edges in Southern Portugal. In Mediterranean regions, afforestation of marginal agricultural 

land has increased over the past decades, following a long-term trend of rural depopulation 

and abandonment of poorly productive soils (Van Doorn and Bakker, 2007). In the European 

Union, this process accelerated following the implementation of European regulation 

2080/92, which provided financial support for afforestation, partly justified by the objective of 

restoring ancient forest habitats and their associated biodiversity (Robson, 1997). Planted 

forests, however, seem to be largely inadequate for promoting rich forest bird communities 

(Díaz et al., 1998), though this depends on forest composition and management (López and 

Moro, 1997; Santos et al., 2006). Concurrently, plantations have negative impacts by 

excluding species of high conservation value from the habitats they replace, particularly birds 

strictly associated with open pastures and dry cereal cropland (Bota et al., 2005). At least 

some of these bird species avoid or occur at low density in landscapes fragmented by woody 

habitats (Brotons et al., 2005; Moreira et al., 2005; Morgado et al., in press), suggesting that 

afforestation effects may be far greater than those related to the lost area of open habitat. 

Here we test this hypothesis by examining how bird assemblages vary with distance to forest 

edges in terms of (i) overall species richness and abundance, (ii) richness and abundance of 

birds grouped according to habitat requirements; and (iii) abundance of the most common 

species. Subsequently, we investigate how edge and landscape features modify bird 

responses to edges. This information is then used to discuss the consequences of 

afforestation for bird conservation in adjacent farmland. 
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2.2 Methods 

 

2.2.1 Study area 

 

The study was conducted in Southern Portugal, in a farmland landscape mostly included in 

the Special Protection Area (SPA) of Castro Verde, designated under European Directive 

79/409/EEC to protect steppe birds. The climate is Mediterranean, with hot summers 

(averaging 24ºC [16-32ºC] in July), mild winters (9ºC [5-14ºC] in January), and >75% of 

annual rainfall (500-600 mm) concentrated in October-March. The landscape is flat or gently 

undulating (100-300 m a.s.l.) and dominated by an agricultural mosaic of cereal, fallow and 

ploughed fields, created by rotational dry cereal cultivation. Until recently, tree cover was 

largely restricted to some eucalyptus (Eucalyptus sp.) plantations (40-60 years old) and open 

holm oak (Quercus rotundifolia) woodlands grazed by livestock. Afforestation with umbrella 

pines (Pinus pinea) and holm and cork oaks (Quercus suber) has increased since the early 

1990s due to EU subsidies, mainly in the periphery of the SPA. Details of the study area are 

reported elsewhere (Moreira, 1999; Delgado and Moreira, 2000; Moreira et al., 2005). 

 

2.2.2 Sampling design 

 

Sampling was carried out on farmland along 300 m transects perpendicular to the edge of 52 

forest patches, representative of the three most common forest plantations in the region 

(eucalyptus, pine and oak stands). Only fallow fields were sampled, to reduce variation 

among sites unrelated to edge and landscape features, and because they are particularly 

important for steppe birds of conservation concern (Delgado and Moreira, 2000). Transect 

length was limited by the size of fallow fields and forest spatial distribution. To account for the 

possibility of edge effects penetrating more than 300 m into farmland habitats, sampling 

included 28 additional fields at > 300 m from any forest edge. The selection of sampling sites 

was based on 1:25,000 land cover maps from 1990 (http://www.igeo.pt/IGEO/ 

portugues/produtos/inf_cartografica.htm), updated through systematic field checking of new 

forest stands planted up to the beginning of 2005. Degraded and abandoned forest patches 

with low and irregular tree cover were discarded, because they were not representative of 

modern forest plantations. However, young plantations (<1 year old) were included to assess 

eventual variation in edge responses with forest age. Each forest plantation was visited and 

selected for sampling if it was adjacent to a fallow field at least 600 m long and 300 m wide, 
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to allow sampling of bird assemblages at least 300 m from any forest edge. Only one fallow 

field was sampled per forest patch, independently of its size, to avoid pseudo-replication. All 

sites meeting these selection conditions were sampled, whereas the sites far from forest 

edges were randomly selected. 

 

2.2.3 Bird data 

 

Bird sampling was conducted twice (April and May) in the breeding season of 2005. In each 

of the 52 transects, birds were counted at 0, 100, 200 and 300 m from the forest edge, using 

10-minute duration point counts (Bibby et al., 2000). Conversely, only one point was counted 

in each of the 28 fallow fields at > 300 m (1531±1201 m, 310–5000 m) from edges. At each 

point, all individual birds and flocks of each species were identified and recorded on maps, 

though records at > 50 m from the observer were discarded from further analyses. When 

birds were flushed, care was taken to check if they landed further ahead to minimize double 

counting errors. Birds flying over but not landing were not counted, except in the case of 

display flights of territorial species. Due to difficulties in reliably identifying every individual in 

the field, categorisation to the genus level was made for crested and Thekla larks (Galerida 

cristata and G. theklae) and for common and Spanish sparrows (Passer domesticus and P. 

hispaniolensis). Birds were also categorized according to their woodland or farmland 

affinities. Woodland birds encompassed species potentially benefiting from forest plantations, 

as they require wooded habitats such as forests, woodlots, orchards and shrubland (e.g., 

Díaz et al., 1998), whereas farmland birds included species regionally associated with arable 

agriculture and pastureland (Moreira, 1999; Delgado and Moreira, 2000). Steppe birds 

included a subset of the farmland species, corresponding to open grassland species of 

conservation concern that may be particularly sensitive to habitat fragmentation (Brotons et 

al., 2005; Moreira et al., 2005; Morgado et al., in press). A group of ground-nesting birds was 

also considered, because increased nest predation is often invoked to explain edge 

avoidance in open habitat birds (Vickery et al., 1992; Burger et al., 1994). 

 

2.2.4 Explanatory variables 

 

Distance to the nearest forest edge was the main variable used to investigate bird responses 

to edges. In addition, 16 variables reflecting forest plantation characteristics, edge contrast 

and landscape context (Table 2.1) were used to examine the influence of habitat variables on 
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edge responses. Tree species and plantation age and area characterized forest plantations. 

Edge contrast (sensu Ries et al., 2004) was estimated from the height and density of trees at 

the boundary of forest plantations, assuming that taller and denser plantations reflect a 

higher contrast between edges and adjacent agricultural land. These variables were 

computed from digital photographs taken at known distances (usually 70-90 m), 

perpendicularly to the forest edge. Presence of trees in the agricultural matrix was taken to 

indicate softer forest-farmland transitions. Landscape context was estimated in 1-km radius 

circles from each sampling point located at the forest edge. This radius was set large enough 

to encompass different land uses despite the relative homogeneity of the landscape, while 

remaining within the range of scales to which farmland birds are responsive (e.g., 

Söderström and Pärt, 2000; Best et al., 2001; Moreira et al., 2005). The proportion of land 

occupied by open oak woodlands and by pine, oak and eucalyptus plantations was quantified 

in a Geographic Information System (GIS), from maps prepared using aerial photography 

and field surveys. Landscape fragmentation was estimated from the mean size, edge density 

and the area weighed mean shape index (AWMSI) of open arable patches. AWMSI is a 

measure of shape complexity, which is the average perimeter-to-area ratio for a given class, 

weighted by the size of its patches (Rempel and Carr, 2003). The latter variable measures 

the extent to which patch shapes deviates from circularity, reflecting increases in edge-

affected habitats with increasing patch complexity. Landscape metrics were computed using 

the Patch Analyst extension (version 3.1) of Arc View® GIS (Rempel and Carr, 2003). 

 

2.2.5 Statistical analysis 

 

Prior to statistical analysis, species richness and abundance data, and habitat variables 

showing skewed distributions were log-transformed to approach normality and to reduce the 

influence of extreme values. The angular transformation (arcsine√p) was used likewise for 

proportional habitat data, overcoming problems associated with the unity sum constraint 

(Zar, 1996). A Principal Component Analysis (PCA) of habitat variables was used to 

investigate multicollinearity and to describe dominant gradients in forest, edge and landscape 

characteristics (Legendre and Legendre, 1998). A varimax normalized rotation was applied 

to the set of principal components with eigenvalues >1.0, to obtain simpler and more 

interpretable   ecological   gradients   (Legendre and Legendre, 1998). PCA   analyses   were  
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Table 2.1.  Description and summary statistics of variables used to examine the influence of habitat 

conditions on bird responses to forest edges in southern Portugal. 

Variable (unit) Description  Transformation Mean±SD Range 

Forest plantation attributes    

Eucalyptus plantations Binary variable coding plantations 

dominated by eucalyptus 

- 0.2±0.4 0-1 

Pine plantations Binary variable coding plantations 

dominated by umbrella pines  

- 0.3±0.5 0-1 

Oak plantations Binary variable coding plantations 

dominated by cork or or holm oaks 

- 0.5±0.5 0-1 

Plantation age (years) Age of the forest stand  - 14.4±13.6 1-60 

Plantation area (ha) Area of the forest plantation  Logarithmic 45.6±34.1 0.7-123.3 

Edge contrast      

Tree density (trees/m) Density of trees at plantation edges - 0.3±0.2 0-0.8 

Tree height (m) Mean tree height at plantation edges Logarithmic 3.7±4.5 0-17.3 

Farmland trees Binary variable coding the presence 

of isolate trees in adjacent (< 300 m) 

farmland 

- 0.3±0.5 0-1 

Landscape context 
    

Eucalyptus plantations 

cover (%) 

Proportion of area within 1-km radius 

with eucalyptus plantations 

Angular 3.0±5.5 0-23.6 

Pine plantations cover (%) Proportion of area within 1-km radius 

with pine plantations  

Angular 7.0±10.2 0-39.4 

Oak plantations cover (%) Proportion of area within 1-km radius 

with oak plantations 

Angular 12.6±12.4 0-36.1 

Total forest plantations 

cover (%) 

Proportion of area within 1-km radius 

with forest plantations  

Angular 22.5±11.8 0.4-51.9 

Total agro-forestry cover 

(%) 

Proportion of area within 1-km radius 

with open oak woodlands 

Angular 7.7±11.1 0-45.7 

Mean Patch Size (ha) Mean size of forest patches Logarithmic 134.3±88.1 7.7-304.1 

Edge density (km/km2) Density of forest edges - 4.0±1.1 1.1-7.8 

AWMSI Area Weighed Mean Shape Index - 2.2±0.6 1.3-4.1 

 

produced in STATISTICA 8.0 (Statsoft, 2008) under Multivariate Exploratory Techniques 

module with factor analyses function. 

Edge responses were analysed with linear mixed-effects models (Pinheiro and Bates, 

2000), thereby accounting for the potential lack of independence among bird counts within a 

transect at varying distances from a forest edge (e.g., Betts et al., 2006). In the present 
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design individual transects were treated as random effects and all other explanatory 

variables as fixed effects. All mixed models were fitted in R 2.7.2 (R Development Core 

Team, 2008) software using the lme function of the nlme package (Pinheiro et al., 2007). The 

analysis started by modelling variation in species richness and abundances in relation to 

distance (d) to edge. In each case, three different functions of distance were tested by 

specifying linear (td = d), logarithmic (td = log10[d+1]) and power (td = d2) transformations of the 

predictor variable. Recent approaches using more complex response curves (Ewers and 

Didham, 2006b) were not considered, because they are still inadequate to deal with 

covariates and mixed-effects designs (Robert M. Ewers, personal communication). The 

information-theoretic approach was then used as a model selection procedure (Burnham and 

Anderson, 2002), whereby the best fitting model was that with the lowest value of the 

Akaike’s information criterion (AIC). Uncertainty in model selection was accounted for using 

Akaike weights (wi), which indicate the strength of evidence for a particular model being the 

best out of the set of candidate models (Burnham and Anderson, 2002). ANOVA tests 

comparing the best AIC models with the models fitted to the intercept only (null models) were 

then used to strengthen the support to inferences drawn from the information-theoretic 

approach (Stephens et al., 2005; but see Lukacs et al., 2007). The penetration of edge 

effects beyond 300 m was assessed using one-way ANOVAs, comparing bird counts at 300 

m and at 300-5000 m from the nearest wooded edge. 

The second set of analyses examined whether bird response to edges were affected 

by environmental gradients reflected in components extracted from the habitat PCA. These 

analyses excluded species and functional groups lacking evidence for edge responses, 

assuming that environmental modifiers of an edge response could only be clearly assessed 

when there was evidence for an overall edge effect. For each species or functional group, 

different hypothesis concerning the effects of each principal component (PCi) on the shape of 

the responses curves were assessed by fitting three alternative a priori models (gi): 

 

g1 = β0+ β1.td + β2.PCi   (effects on the intercept, reflecting variation in 

diversity or abundance at the edge) 

g2 = β0+ β1.td + β2. td.PCi   (effects on slope, reflecting variation in the rate 

of change in diversity or abundance with 

distance) 

g3 = β0+ β1.td + β2.PCi + β3. td.PCi    (effects on both intercept and slope) 
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where td is the transformation of distance yielding the best AIC model in previous analysis. 

The strength of evidence for each model was then estimated using Akaike weights, and the 

model with the highest wi was selected for each PCi. This procedure follows the 

recommendation to retain only the model with the lowest AIC from a set of nested candidate 

models (Richards, 2008). Comparison among the reduced subset of models, including the 

null model and one model for each PCi, was then based on conditional Akaike weights, 

estimated as the original wi normalized to sum to 1. The information-theoretic approach was 

complemented with conventional statistical testing, using ANOVA to compare the best AIC 

models to the models fitted only to the distance to edge variable (null models). 

 

2.3 Results 

 

2.3.1 Overall habitat patterns 

 

Sampled edges represented a wide range of variability in plantation, edge and landscape 

characteristics (Table 2.1). The PCA extracted five axes with eigenvalues > 1.0, together 

accounting for 81% of variance in the original data (Table 2.2). The varimax rotation revealed 

a major gradient (PC1) largely reflecting dominant forest types, contrasting landscapes with 

plantations dominated by either eucalyptus or oaks stands. Eucalyptus plantations were 

generally older and taller, whereas oak stands tended to be larger and located in landscapes 

with greater overall cover by forest plantations. The type of forest plantation was also 

reflected in a secondary gradient contrasting oak and pine stands (PC2), the latter showing 

higher tree density. The third and fourth rotated PCA axes were largely related to landscape 

fragmentation. PC3 represented primarily the concurrent increase of edge density and shape 

complexity of open arable patches, whereas PC4 largely reflected variation in the mean size 

of open arable patches, which was inversely related with eucalyptus and overall plantation 

cover. PC5 represented the presence of farmland trees, which were more prevalent in 

landscapes with greater cover by agro-forestry systems. 
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Table 2.2. Loadings of habitat variables on the first five axes extracted by a Principal Components 

Analysis (PCA), after a varimax normalized rotation, and the proportion of variance accounted for by 

each axis. For clarity, only loadings > |0.40| were listed. 

 Habitat variables PC1 PC2 PC3 PC4 PC5 

Eucalyptus plantations 0.93     

Pine plantations  -0.85    

Oak plantations -0.68 0.65    

Plantation age 0.79     

Plantation area -0.77     

Tree density  -0.68    

Tree height 0.93     

Farmland trees     0.85 

Eucalyptus plantations cover 0.56   0.57  

Pine plantations cover  -0.86    

Oak plantations cover -0.69 0.53    

Total forest plantations cover -0.73   0.57  

Total agro-forestry cover     0.55 

Mean Patch Size    -0.83  

Edge Density   0.93   

AWMSI   0.93   

Percentage of total variance 30.6 18.5 11.9 10.7 9.4 

 

2.3.2 Bird assemblage composition 

 

Altogether, 47 bird species were recorded around (<300 m) forest plantations 

(Supplementary Material, Table S2.1), with an average 6.5±2.5 species and 15.8±14.4 birds 

per transect. About half (51%) the species were typical of arable farmland, of which 71% 

were ground-nesters and 46% were steppe birds. In terms of abundance, the assemblage 

was also dominated by arable farmland species (59% of birds counted), most of which were 

ground-nesters (87%) and about half of which were steppe birds (49%). Only nine species 

were widespread (>25% of transects) and abundant (>1 bird/10 ha), accounting for 55.7% of 

the birds counted. This group was dominated by breeding species typical of arable farmland, 

including little bustards (Tetrax tetrax), crested/Thekla larks (Galerida spp.), calandra larks 

(Melanocorypha calandra), short-toed larks (Calandrella brachydactyla), tawny pipits (Anthus 

campestris), stonechats (Saxicola torquatus), and corn buntings (Emberiza calandra), though 
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there were also two species requiring woody vegetation during the breeding season 

(goldfinch Carduelis carduelis) and linnets (Carduelis cannabina). 

 

2.3.3 Bird responses to edges 

 

Akaike weights provided much stronger support to models including distance to edge as a 

predictor of bird species richness (1.0>Σwi>0.80) than to the corresponding null models of no 

edge effects (Table 2.3). There was considerable evidence (wi>0.95) for exponential decays 

in overall and woodland species richness with increasing distance from plantation edges, 

with comparable declines, albeit not as strong, for the richness of farmland and ground-

nesting species (Figure 2.1). Only the richness of steppe birds increased along with distance 

to edge (Figure 2.1). There was strong evidence for the total abundance of birds and that of 

woodland birds to decline exponentially away from edges, whereas linear increases were 

recorded in steppe bird abundance (Figure 2.1). The best AIC models for farmland and 

ground-nesting bird suggested slight increases in abundance at greater distance from edges, 

but these models were only marginally significant (P < 0.10) and not clearly superior to the 

alternative models (Table 2.3). 

Seven of the nine most abundant and widespread species were affected by plantation 

edges, whereas little support for edge effects was found for little bustards and tawny pipits 

(Table 2.3). The abundance of five species declined with increasing distance to edges, with 

strong support for exponential decays (1.00>wi>0.77) in the case of Galerida larks, 

stonechats, goldfinches and corn buntings, and a weak support for linear declines for the 

linnet (Table 2.3; Figure 2.2). The best AIC models for short-toed lark and calandra lark 

reflected strongly negative edge effects, with abundances steadily increasing away from 

edges. 

Penetration of edge effects beyond the maximum length of the sampling transect was 

only apparent for woodland birds, with significantly (F1,78=11.068, P<0.001) more woodland 

species per point count at 300 m (0.29±0.46) than at > 300 m (no species recorded). The 

tendency for more steppe bird species per point count at > 300 m (1.46±0.84) than at 300 m 

(1.13±0.79) was close to statistical significance (F1,78=3.024, P<0.086). 



Farmland bird responses to land use changes: the role of habitat fragmentation   |   45 

 

Luís Reino (2009) 

Table 2.3.  Akaike weights (wi) for four alternative models describing variation in bird species richness 

and abundance with distance from forest edges. Linear, square-power and logarithmic transformations 

of distance were used to specify alternative edge response curves. Weights of models with the 

greatest support are highlighted in bold type and statistical significances of comparisons with models 

fitted only to the intercept (null models) are provided. 

  Null Linear Power Logarithmic 

Richness     

Overall <0.01 <0.01 <0.01 >0.99*** 

Farmland 0.10 0.04 0.05 0.81* 

Steppe <0.01 0.75*** 0.25 <0.01 

Ground-nesting 0.20 0.07 0.11 0.62* 

Woodland  <0.01 <0.01 <0.01 >0.99*** 

Abundance    

Overall <0.01 <0.01 <0.01 0.99*** 

Farmland 0.22 0.10 0.39§ 0.29 

Steppe <0.01 0.55*** 0.45 <0.01 

Ground-nesting 0.22 0.13 0.47§ 0.17 

Woodland <0.01 <0.01 <0.01 >0.99*** 

Species abundances    

Little bustard 0.38 0.21 0.27 0.15 

Galerida larks <0.01 0.19 0.04 0.77*** 

Short-toed lark <0.01 0.19 0.81*** <0.01 

Calandra lark <0.01 0.86*** 0.14 <0.01 

Tawny pipit 0.29 0.27 0.20 0.24 

Stonechat <0.01 0.02 <0.01 0.97*** 

Linnet 0.19 0.29§ 0.24 0.28 

Goldfinch 0.02 0.04 0.01 0.93** 

Corn bunting <0.01 <0.01 <0.01 >0.99*** 

*** P < 0.001, ** P < 0.01, * P < 0.05, § P < 0.10 

 

2.3.4 Interactions affecting edge responses 

 

There was strong evidence for the composition of forest plantations and the fragmentation of 

open arable habitats to affect edge responses of bird functional groups (Table 2.4, Figure 2.2 

and 2.3). The environmental gradient represented in the first PC axis (PC1) affected the 

richness (Figure 2.2) and abundance (Figure 2.3) of the overall assemblage and that of 

woodland birds, with more species and more birds near tall and old eucalyptus plantations, 

than near recent oak plantations. Total species richness remained consistently higher around  
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Figure 2.1. Edge response curves describing variation in species richness and abundance of bird 

functional groups, and in the abundance of the most common species, as a function of distance to 

forest plantation edges in southern Portugal. 
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Table 2.4. Akaike weights (wi) for alternative models describing factors affecting bird response curves to forest edges in southern Portugal. 

Comparisons included the null model (g0) and three alternative models (g1-g3) for each of five axes (PCn) extracted by a Principal Components 

Analysis (PCA) of habitat variables (Table 2.2): g0 = model fit to distance only; g1 = effects on the intercept; g2 = effects on the slope; g3 = effects on 

both the intercept and the slope. The table includes Akaike weights based on the entire set of models (a) and conditional Akaike weights based on 

the set of models including the null model and the best AIC model for each PC (b). Conditional weights of models with the greatest support are 

highlighted in bold type and statistical significances of comparisons with the null model are provided. 

 Null  PC1  PC2  PC3  PC4   PC5  

  g0  g1 g2 g3  g1 g2 g3  g1 g2 g3  g1 g2 g3  g1 g2 g3 

Richness                       

Overall (a) 0.06  0.29 0.06 0.17  0.02 0.02 0.01  0.05 0.07 0.03  0.04 0.09 0.04  0.02 0.02 0.01 

 (b) 0.10  0.52*     0.04    0.12    0.17§    0.04  

Farmland (a) 0.08  0.03 0.07 0.10  0.04 0.03 0.02  0.06 0.05 0.02  0.10 0.25 0.10  0.03 0.03 0.01 

 (b) 0.14    0.17  0.07    0.11     0.46*   0.05   

Steppe (a) 0.02  0.08 0.01 0.21  0.01 0.01 0.01  0.01 0.01 0.00  0.05 0.42 0.16  0.01 0.01 0.01 

 (b) 0.03    0.31*  0.01     0.01    0.62*   0.02   

Ground-nesting (a) 0.06  0.02 0.04 0.06  0.03 0.02 0.01  0.04 0.03 0.02  0.15 0.34 0.13  0.02 0.02 0.01 

 (b) 0.11    0.10  0.05    0.08     0.62*   0.04   

Woodland (a) 0.00  0.00 0.00 1.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 

 (b) 0.00    1.00***  0.00     0.00   0.00    0.00   

Abundance                       

Overall (a) 0.00  0.24 0.00 0.75  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 

 (b) 0.00    0.99***  0.00     0.00     0.01  0.00   

Farmland (a) 0.01  0.00 0.36 0.56  0.00 0.00 0.00  0.01 0.01 0.00  0.02 0.02 0.01  0.00 0.00 0.00 

 (b) 0.01    0.93***  0.00     0.01   0.03    0.00   

Steppe (a) 0.00  0.01 0.00 0.02  0.00 0.00 0.00  0.00 0.00 0.00  0.03 0.66 0.26  0.00 0.00 0.00 

 (b) 0.01    0.03   0.00    0.00    0.95***   0.00   
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 Null  PC1  PC2  PC3  PC4   PC5  

  g0  g1 g2 g3  g1 g2 g3  g1 g2 g3  g1 g2 g3  g1 g2 g3 

Ground-nesting (a) 0.05  0.02 0.17 0.13  0.02 0.03 0.02  0.04 0.05 0.02  0.24 0.07 0.09  0.02 0.02 0.01 

 (b) 0.10   0.30*    0.05    0.09   0.43*    0.04   

Woodland (a) 0.00  0.00 0.00 1.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 

 (b) 0.00    1.00***  0.00     0.00     0.00  0.00   

Species abundances                     

Galerida larks (a) 0.11  0.08 0.19 0.08  0.10 0.07 0.04  0.04 0.05 0.03  0.05 0.04 0.03  0.04 0.04 0.02 

 (b) 0.21   0.35§   0.19     0.09   0.08     0.08  

Short-toed lark (a) 0.06  0.02 0.03 0.01  0.03 0.09 0.04  0.32 0.07 0.12  0.03 0.06 0.03  0.04 0.03 0.02 

 (b) 0.10   0.04    0.15§   0.53*     0.11   0.07   

Calandra lark (a) 0.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.72 0.28  0.00 0.00 0.00 

 (b) 0.00  0.00     0.00    0.00    1.00***    0.00  

Stonechat (a) 0.04  0.02 0.02 0.01  0.15 0.02 0.37  0.01 0.01 0.02  0.03 0.01 0.25  0.01 0.01 0.01 

 (b) 0.05  0.03      0.52*    0.02    0.36*   0.02  

Linnet (a) 0.04  0.22 0.03 0.13  0.20 0.02 0.26  0.01 0.01 0.01  0.01 0.01 0.01  0.02 0.01 0.01 

 (b) 0.06  0.39*      0.47*   0.03   0.02    0.03   

Goldfinch (a) 0.00  0.42 0.01 0.55  0.00 0.00 0.00  0.00 0.00 0.00  0.01 0.00 0.01  0.00 0.00 0.00 

 (b) 0.00  0.98****     0.00   0.00    0.02    0.00   

Corn bunting (a) 0.02  0.29 0.15 0.12  0.01 0.01 0.01  0.11 0.01 0.22  0.01 0.02 0.01  0.01 0.01 0.00 

 (b) 0.03  0.51**    0.02      0.39*   0.03   0.02   

*** P < 0.001, ** P < 0.01, * P < 0.05, § P < 0.10. 



Farmland bird responses to land use changes: the role of habitat fragmentation   |   49 

 

Luís Reino (2009) 

eucalyptus than oak plantations, irrespective of distance to edges. Conversely, the decline in 

total bird abundance and in the richness and abundance of woodland birds was sharper 

away from eucalyptus edges, tending to converge to the oak edge response curve. The 

number of steppe bird species was higher near oak than near eucalyptus edges (PC1), but 

converged to similar, much higher values at about 300 m from the edge (Figure 2.2). The 

abundance of farmland and ground-nesting birds increased away from eucalyptus edges, 

whereas there was almost no response to oak edges (Figure 2.3). The fragmentation 

gradient reflected in PC4 affected in a similar way the overall species richness and that of 

farmland and ground-nesting (graph not shown) birds, with similar number of species near 

edges irrespective of landscape fragmentation, but sharper declines away from edges in 

landscapes with smaller arable patches (Figures 2.2 and 2.3). The richness (Figure 2.2) and 

abundance (Figure 2.3) of steppe birds was low near edges irrespective of landscape 

fragmentation, increasing to much higher values in landscapes with larger arable patches. 

The abundance of ground-nesting birds was higher near edges in less fragmented 

landscapes, remaining consistently so away from edges irrespective of landscape 

fragmentation (Figure 2.3). 

 Edge contrast and landscape fragmentation also affected both positive and negative 

edge responses by individual species (Table 2.4, Figure 2.4). The edge type reflected in PC1 

influenced edge responses of Galerida larks, linnets, goldfinches, and corn buntings. There 

were more linnets, goldfinches and corn buntings near mature eucalyptus plantations than 

near recent oak plantations, but their numbers declined with increasing distance from edges. 

The slope of the goldfinch edge response curve was also affected by PC1, reflecting a 

convergence to low abundances at about 300 m from all edges, albeit still higher around 

eucalyptus plantations. Galerida larks showed similar abundance near all edges, but there 

was a tendency for weaker edge responses to eucalyptus plantations. However, the AIC 

support for this model was weak and it was not statistically significant, thereby requiring 

caution in its interpretation. The type of edge reflected in PC2 influenced edge responses of 

linnets, stonechats and short-toed larks. Linnets were more abundant near pine than oak 

edges, but their abundances at 300 m from edges were very low irrespective of edge type. 

Stonechats showed the opposite pattern, with higher abundances near oak edges. Short-

toed larks were scarce close to all edge types, but they increased in abundance away from 

edges more sharply around pine plantations. Edge density (PC3) influenced edge responses 

of corn buntings and short-toed larks. Corn bunting abundances were higher near edges in 

landscapes with smaller edge density, but their numbers tended to converge to small values  
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Figure 2.2. Variation in edge response curves for the species richness of bird functional groups as a 

function of environmental gradients (PCi) extracted from a Principal Components Analysis (PCA) of 

habitat variables. Curves represented in each panel reflect model fitted edge responses for the 1st 

(____), 5th (- - -) and 9th (……) deciles of the distribution of sample scores in a PC axis. 
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Figure 2.3. Variation in edge response curves for the abundance of bird functional groups as a 

function of environmental gradients (PCi) extracted from a Principal Components Analysis (PCA) of 

habitat variables. Curves represented in each panel reflect model fitted edge responses for the 1st 

(____), 5th (- - -) and 9th (……) deciles of the distribution of sample scores in a PC axis. 
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away from edges irrespective of landscape fragmentation More short-toed larks were found 

near edges in more fragmented landscapes, but the abundance of this species increased 

away from edges irrespective of landscape fragmentation. The mean size of arable patches 

(PC4) influenced edge responses of stonechats and calandra larks. Stonechat abundances 

varied little with distance to edge in landscapes with smaller arable patches, whereas they 

showed high abundances near edges and sharp declines away from edges in landscapes 

with large arable patches. Calandra larks were largely absent close edges irrespective of 

arable patch size, but their abundance away from edges increased faster in landscapes with 

larger arable patches. 

 

2.4 Discussion 

 

2.4.1 Edge effects 

 

Planted forests significantly influenced the bird assemblages of adjacent open land, 

underlining the value of investigating edge effects to understand the impacts of afforestation 

on biodiversity. Contrary to expectations developed from the observation that many open 

habitat birds avoid wooded boundaries (Coppedge et al., 2004; Fletcher, 2005), however, it 

was found that most birds in southern Portugal showed either positive or neutral edge 

responses. Positive responses were apparent for typical farmland birds such as Galerida 

larks, stonechats, and corn buntings, which are frequently associated with open habitats 

(Moreira, 1999; Delgado and Moreira, 2000). Only the steppe birds, a group including the 

open grassland specialists, showed marked negative responses to wooded edges, in terms 

of both species richness and abundances. The negative responses were very strong in the 

case of the calandra lark and the short-toed lark, but no evidence for edge avoidance was 

found for little bustards and tawny pipits. Patterns for other open habitat species of high 

conservation concern, such as great bustards (Otis tarda), stone curlews (Burhinus 

oedicnemus) or black-bellied sandgrouse (Pterocles orientalis) could not be obtained in this 

study, because they were scarcely observed at point counts. Furthermore, these species are 

wide ranging and so probably operate at large spatial scales, requiring a different sampling 

design to assess their responses to wooded edges. 
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Figure 2.4. Variation in edge response curves for the most common bird species as a function of 

environmental gradients (PCi) extracted from a Principal Components Analysis (PCA) of habitat 

variables. Curves represented in each panel reflect model fitted edge responses for the 1st (____), 5th    

(- - -) and 9th (……) deciles of the distribution of sample scores in a PC axis. 

 

The increase in woodland birds near wooded edges probably occurs due to spill over 

from forest plantations, as these species are largely absent from open farmland landscapes 

(Moreira, 1999, Delgado and Moreira, 2000) and they benefit from habitat conditions created 

through afforestation (Díaz et al. 1998, López and Moro, 1997; Santos et al., 2006). Most 
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woodland birds occurred at <200 m from edges, suggesting that they may be unable to use 

agricultural fields unless there is a dense network of wooded habitats. This finding is 

consistent with the results of gap crossing experiments which show an increased reluctance 

for woodland birds to venture into the open as the gaps between woodland fragments 

increase (Creegan and Osborne, 2005). It is much less clear why farmland and ground-

nesting bird species richness and the abundance of many typical farmland species also 

tended to decline away from edges. One possible reason may be the difference in the 

characteristics of edge and interior grassland habitats, as forest plantations were fenced off 

from cattle whereas nearby fields were regularly grazed (personal observation). Because of 

this, a strip of relatively tall grassland, sometimes with small shrubs, often developed near 

forest plantations, probably providing better breeding conditions for many farmland birds than 

adjacent short swards (e.g., Yanez et al., 1996). This idea was supported by an experiment 

of predation on quail (Coturnix coturnix) eggs placed in artificial nests, which showed lower 

predation rates in tall swards near forest plantations (Reino et al., unpublished data). Taken 

together, these results agree with the observation that the richest bird assemblages in 

farmland landscapes are found where agricultural habitats are interspersed with wooded 

habitats such as woodlots and hedgerows (Freemark and Kirk, 2001; Moreira et al. 2005). 

The weak negative response to edges of farmland and ground-nesting bird abundances was 

likely a consequence of pooling species with contrasting edge responses. Although these 

groups included species showing marked positive edge responses, such as corn buntings 

and Galerida larks, the overall negative edge effect was probably driven by the influence of 

abundant steppe birds such as the calandra lark and the short-toed lark. 

The only species showing marked negative responses to wooded edges were the 

true open habitat specialists, particularly the calandra lark and the short-toed lark. The 

abundance of both species steadily increased away from forest plantations, only reaching 

densities similar to that of core open habitats at about 300 m from edges. In the case of the 

calandra lark, this result agrees with previous studies showing that the species is extremely 

sensitive to the fragmentation of grassland habitats, tending to occur at the highest densities 

in open grassland patches >100 ha (Morgado et al., in press). In contrast, two other open 

habitat species, the little bustard and the tawny pipit showed neutral responses to wooded 

edges. These patterns are difficult to interpret, as edge avoidance in grassland species may 

result from a combination of a variety of factors, from a learned response of poor 

reproductive success near edges to a mere innate requirement for open habitat (Bollinger 

and Gavin, 2004). Increased nest predation risk is often invoked to explain the avoidance of 
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edges by grassland birds (Vickery et al., 1992; Burger et al., 1994), but this was unlikely to 

be very relevant here. This was supported by the observation that a range of ground-nesting 

farmland species analysed in this study showed positive or neutral response to wooded 

edges and by the lack of increased predation on artificial nests near edges recorded in a 

parallel study (Morgado et al., unpublished data). It is possible that the avoidance of edges 

may have a behavioural basis with no adaptive value at present, resulting from the evolution 

of some grassland birds in expansive prairies and steppes with no wooded structures, which 

resulted in a strong aversion to less familiar features (Renfrew et al., 2005). 

 

2.4.2 Interactions affecting edge responses 

 

This study also supported the view that edge contrast affects bird responses to edges 

(Ries et al., 2004), with stronger effects recorded for eucalyptus (hard edges) than oak 

plantations (soft edges). In the study area, most eucalyptus plantations are tall and old, 

presumably providing more colonization opportunities for woodland birds than oak 

plantations, which tended to be young and short. The spill over of woodland birds into 

adjacent agricultural fields was thus stronger around eucalyptus than oak plantations, 

explaining the observed increase in overall species richness and abundance near eucalyptus 

edges. This pattern was illustrated by the goldfinch and the linnet, two species with woody 

requirements during the breeding season, which were relatively abundant in agricultural 

fields surrounding eucalyptus plantations and almost absent near young plantations. It is 

much less clear why the positive responses by farmland species such as the Galerida larks 

and the corn bunting were also stronger for eucalyptus than for oak plantation edges. It is 

possible that this was related to the older age of eucalyptus edges, as edge quality may 

change with time and there may be time lags in species responses (Ries et al., 2004). It is 

also possible that the edges of oak plantations are perceived by these birds as less stable, 

due to more frequent silvicultural operations in recent stands. The edge avoidance response 

of steppe birds was also stronger for eucalyptus than oak plantation edges. This could 

possibly be related to the visual obstruction effect of tall eucalyptus edges, which is likely to 

elicit a much stronger aversion by open grassland birds than the short oak plantations. The 

overall response of farmland birds and ground-nesting birds, with a nearly neutral response 

to oak edges and the increase with distance from eucalyptus edges, probably reflected the 

cumulative effect of contrasting responses by steppe and other farmland birds. Difference in 

bird responses to pine and oak edges were relatively small, though they tended to be 
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stronger to the former. Linnet abundance was highest near pine edges, probably because 

this species finds adequate breeding conditions in young umbrella pine plantations (Khoury 

et al., 2009), which may provide more concealment against predators than small and sparse 

oak plantations. The reason for short-toed larks increasing faster away from pine than oak 

edges was unclear. 

The size of open arable patches and edge density also affected edge responses by 

bird functional groups and individual species, underlining the presence of interactions 

between edge effects and landscape fragmentation. The prevalence and magnitude of such 

interactions were relatively unexpected, as fragmentation had the least effect on measured 

responses in a recent review of interactions affecting edge effects, (Ries et al., 2004). It 

should thus be evaluated whether such interactions may be more widespread than 

previously realized, using for instance sampling designs and statistical approaches similar to 

that adopted herein. These allowed the detection of complex interaction between edge and 

fragmentation effects such as that of stonechats, which showed strong positive responses to 

edges in landscapes dominated by large arable patches, whereas virtually neutral responses 

were found in smaller arable patches. This suggests that stonechats were largely confined to 

farmland fields near wooded edges in open farmland, whereas in fragmented agricultural 

landscapes they were more ubiquitous. A comparable pattern, albeit not as strong, was 

evident for the corn bunting, which showed the strongest edge responses in landscapes with 

low edge density. 

Landscape fragmentation also affected negative edge responses, with the overall 

richness and abundance of steppe birds and the abundance of calandra larks increasing 

faster away from edges in less fragmented landscapes. These results agree with previous 

research carried out within the same study area, showing that the calandra lark is extremely 

sensitive to the fragmentation of grassland habitats, tending to occur at the highest densities 

in open grassland patches > 100 ha (Morgado et al., unpublished data). They are also akin to 

the results of Fletcher (2005), who showed that negative edge effects on a North American 

grassland bird were intensified by the joint influence of multiple edges. The processes that 

underlie these patterns are unclear at present, but they may be related to the exacerbated 

influence near multiple edges of the mechanisms usually considered to affect bird responses 

to edges, such as behavioural aversion, changes in habitat structure, food availability and 

species interactions (Ries et al., 2004, Fletcher, 2005). The overall pattern for the steppe 

birds, however, was not evident for short-toed larks, which increased faster away from edges 

in landscapes with higher edge density, suggesting that although short-toed larks avoided 
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edges, they tended to be more abundant in more fragmented landscapes. We tentatively 

hypothesize that interspecific competition may be involved in shaping such patterns, with 

much larger calandra larks being restricted to large habitat patches (Morgado et al., 

unpublished data; this study) and relegating short-toed larks to more fragmented landscapes. 

This hypothesis is based on the observation that competition may be an important driving 

force in community assembly of granivorous birds inhabiting simple environments (e.g., 

Grant and Grant, 2006), that competition appears to be a significant mechanism shaping the 

distribution patterns and habitat selection of Calandrella larks (Suárez et al., 2002; Serrano 

and Astrain, 2005), and that habitat segregation between calandra and short-toed larks has 

been recorded within the study area (Moreira, 1999; Delgado and Moreira, 2000). 

 

2.4.3 Conservation 

 

This study extends previous findings of the effects of afforestation in Mediterranean open 

farmland, showing that the edge effects of forest plantations may contribute to increase local 

bird diversity at the expense of negative effects for steppe birds of European conservation 

concern (Burfield and van Bommel, 2004). Although some farmland birds appeared to thrive 

at forest plantation edges, they were generally of less conservation concern than the open 

grassland specialists (Suárez et al., 1997; Burfield and van Bommel, 2004; Bota et al., 2005). 

Recognizing the potential for significant negative edge effects has consequences for 

the impact assessment and planning of afforestation in Mediterranean farmland. In the first 

place, it should be duly considered that the total area affected by a forest plantation is larger 

than the surface actually planted with trees. Assuming purely geometric effects, plantations 

of, for instance 1, 10 and 100 ha, with a 200 m edge effect and a circular shape, would cause 

reductions in habitat area for steppe birds of about 21, 45 and 183 ha, respectively (e.g., Sisk 

and Haddad, 2002). The extent of such habitat reductions may further increase with the 

proportion of the landscape converted into forest, as the strength of negative edge effects 

tended to increase along with the edge density of unsuitable habitats (Fletcher, 2005; Ewer 

and Didham 2007; this study). This implies that population declines of edge-avoiding species 

should occur more rapidly than expected from simple loss of habitat, and that such declines 

should be progressively faster with increasing habitat fragmentation. This supports the 

recommendation that afforestation in Mediterranean farmland should be avoided in areas 

occupied by steppe birds of conservation concern (Díaz et al., 1998). 
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Where afforestation is unavoidable due to political, social or economic constraints, 

landscape planning should strive to reduce fragmentation of adjacent agricultural habitats. A 

spatial configuration of forest patches minimizing edge effects may be achieved by 

afforesting a small number of relatively large patches, preferably those with little initial value 

for species of conservation concern, instead of planting several small forest patches 

scattered across the landscape (e.g., Sisk and Haddad, 2002). This recommendation has the 

double advantage of favouring the development of rich bird assemblages within forest 

patches (Díaz et al., 1998) and reducing the impacts on edge-avoiding steppe birds. 

Enforcing such recommendation in practice, however, has to meet the challenges of 

managing multi-ownership landscapes, where individual land-use decisions on private lands 

may compromise global management goals (e.g., Spies et al., 2002). Solving this problem 

probably requires a combination of regulatory (e.g., laws and policies restricting or governing 

the conversion of farmland into forest) and incentive-based approaches (e.g., agri-

environment schemes increasing the economic return from agricultural land), aimed at 

reducing the total area and promoting the aggregation of forest plantations. Finding the best 

solution from the ecological perspective, however, calls for a better understanding of how 

species-specific edge effects translate into population and community responses at the 

landscape scale, which is critical for predicting the amount, size and spatial configuration of 

suitable habitats required for the conservation of edge-sensitive species (Sisk and Haddad, 

2002, Ewers and Didham, 2007). 
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Supplementary Material 

 

Table S2.1. Percentage of occurrence in point counts, number per point count, and mean (± standard 

deviation) abundances (birds/10 ha) of birds recorded in farmland habitats around forest plantations 

(< 300 m) in southern Portugal. Species were classified in four functional groups: F=Arable farmland 

birds; S=Steppe birds; W=Woodland and shrubland birds; and G=Ground nesting birds. 

Common name Group 
% Occurrence 

(n=208) 

Number  

of birds 
Mean±SD 

Calandra lark (Melanocorypha calandra) F,S,G 26.4 115 7.0±14.3 

Corn bunting (Emberiza calandra) F,G 25.5 78 4.8±9.4 

Crested/Thekla larks (Galerida spp.) F,G 23.6 66 4.0±8.3 

Short-toed lark (Calandrella brachydactyla) F,S,G 17.8 53 3.2±8.1 

Goldfinch (Carduelis carduelis) W 10.1 58 3.6±20.4 

Tawny pipit (Anthus campestris) F,S,G 9.6 21 1.3±4.0 

Stonechat (Saxicola torquatus) F,G 9.6 25 1.5±5.2 

Linnet (Carduelis cannabina) W 7.7 22 1.3±5.1 

Little bustard (Tetrax tetrax) F,S,G 7.6 20 1.2±4.7 

Red-legged partridge (Alectoris rufa) F,G 5.8 15 0.9±3.9 

Montagu’s Harrier (Circus pygargus) F,S,G 5.3 11 0.7±2.9 

White stork (Ciconia ciconia) F 4.3 25 1.5±11.6 

Black-eared wheatear (Oenanthe hispanica) F,S,G 3.7 8 0.5±2.8 

Common/Spanish sparrow (Passer spp.) W 3.4 158 9.7±69.7 

Spotless starling (Sturnus unicolor) W 2.9 28 1.7±18.0 

Black kite (Milvus migrans) W 2.9 7 0.4±2.6 

Greenfinch (Carduelis chloris) W 2.9 6 0.4±2.1 

Azure-winged magpie (Cyanopica cyanus) W 2.4 11 0.7±2.4 

Carrion crow (Corvus corone) W 2.4 10 0.6±4.1 

Southern grey shrike (Lanius meridionalis) F 2.4 5 0.3±2.0 

Woodchat shrike (Lanius senator) W 2.4 5 0.3±2.0 

Sardinian warbler (Sylvia melanocephala) W 1.9 4 0.2±1.8 

Blackbird (Turdus merula) W 1.9 4 0.2±1.8 

Common buzzard (Buteo buteo) W 1.9 7 0.4±3.2 
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Common name Group 
% Occurrence 

(n=208) 

Number  

of birds 
Mean±SD 

Hoopoe (Upupa epops) F 1.9 4 0.2±1.8 

Kestrel (Falco tinnunculus) F 1.4 3 0.2±1.5 

Serin (Serinus serinus) W 1.4 3 0.2±1.5 

Cattle egrett (Bubulcus ibis) F 1.0 21 1.3±17.7 

Woodlark (Lullula arborea) F,G 1.0 2 0.1±1.2 

Fan-tailed warbler (Cisticola juncidis) F,G 1.0 2 0.1±1.2 

Stone curlew (Burhinus oedicnemus) F,S,G 1.0 2 0.1±1.2 

Black-bellied sandgrouse (Pterocles orientalis) F,S,G 1.0 3 0.2±2.0 

Collared pranticole (Glareola pranticola) F,S,G 1.0 2 0.1±1.2 

Red kite (Milvus milvus) W 1.0 2 0.1±1.2 

Lesser kestrel (Falco naumanii) F,S 1.0 2 0.1±1.2 

Little owl (Athene noctua) F 1.0 1 0.2±2.0 

Booted eagle (Hieraaetus pennatus) W 0.5 1 0.1±0.9 

Quail (Coturnix coturnix) F,G 0.5 1 0.1±0.9 

Great bustard (Otis tarda) F,S,G 0.5 1 0.1±0.9 

Collared dove (Streptopelia decaocto) W 0.5 1 0.1±0.9 

Cuckoo (Cuculus canorus) W 0.5 1 0.1±0.9 

Green woodpecker (Picus viridis) W 0.5 1 0.1±0.9 

Blue tit (Cyanistes caeruleus) W 0.5 1 0.1±0.9 

Great tit (Parus major) W 0.5 1 0.1±0.9 

Short-toed treecreeper (Certhia brachydactyla) W 0.5 1 0.1±0.9 

Raven (Corvus corax) W 0.5 1 0.1±0.9 

Chaffinch (Fringilla coelebs) W 0.5 1 0.1±0.9 
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ABSTRACT  
 

Conserving grassland birds in farmed landscapes requires the maintenance of favourable 

agricultural land uses over a range of spatial and temporal scales. Here we examined the 

field and landscape-scale habitat requirements of the calandra lark (Melanocorypha 

calandra), an obligate grassland bird often associated with open Mediterranean farmland. 

Breeding and wintering lark densities were assessed in 42 fallow fields in southern Portugal, 

and related to three sets of variables reflecting field, landscape and neighbourhood effects. 

Variation partitioning was used to isolate the unique and shared contributions of sets of 

variables to explained variation in lark distribution and abundance models. At the field scale, 

the presence of trees and shrubs showed the strongest negative effects on calandra lark. At 

the landscape scale there were strong positive response of larks to the amount and patch 

size of open farmland habitats, and negative responses, albeit weaker, to drainage and road 

densities. Calandra lark distribution and abundance was also positively related to that of 

conspecifics in surrounding fields, particularly in spring. Results suggest that calandra larks 

are highly sensitive to habitat fragmentation, requiring fallow fields with no shrubs or trees, 

embedded in large expanses of open farmland. This supports the view that grassland bird 

conservation in Mediterranean agricultural landscapes may require a combination of land-

use regulations and agri-environment schemes preventing ongoing shrub encroachment and 

afforestation of marginal farmland. 

 

Keywords:  Agri-environment schemes, conservation, farmland bird, steppe bird, habitat 

fragmentation, habitat selection, variation partitioning. 
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3.1 Introduction 

 

In many regions worldwide, grassland birds have shown pronounced declines due to the 

conversion of their habitats to agriculture, forest, and urban land uses (Jones and Bock, 

2002; Brennan and Kuvlesky, 2005; Laiolo and Tella, 2006). Despite these pervasive trends, 

some species have survived within human-dominated landscapes, mainly occupying habitats 

resulting from agricultural and pastoral activities such as pastures, fallow land, and even 

arable or row crops (Best et al., 2001; Delgado and Moreira, 2000; Batáry et al., 2007). Over 

the past three decades, however, the progressive intensification of agricultural practices has 

resulted in overall declines of farmland birds, including many grassland species (Barnett et 

al., 2004; Brotons et al., 2004; Brennan and Kuvlesky, 2005; Donald et al., 2006). At the 

same time, large-scale rural depopulation and abandonment of marginal farming land has 

resulted likewise in the loss of farmland habitats, due to shrub encroachment and 

afforestation (Preiss et al., 1997; Díaz et al., 1998; Santos, 2000; Van Doorn and Baker, 

2007; Sirami et al., 2007). As a consequence, much effort has been made to understand the 

interaction between bird populations and agricultural practices, trying to develop 

management prescriptions that can favour their conservation within farmed landscapes 

(Kleijn et al., 2006, Barnett et al., 2004; Moreira et al., 2005a; Whittingham et al., 2005; 

Santos et al., 2006). 

The conservation of grassland birds in farmed landscapes may be particularly 

challenging, due to their specialized habitat requirements over a range of spatial scales 

(Moreira et al., 2005a, Batáry et al., 2007). On the one hand, these birds may be strongly 

dependent on local field characteristics, such as sward structure and composition (Milsom et 

al., 1998; Moreira, 1999; Barnett et al., 2004), which are largely contingent on the 

management decisions of individual farmers. On the other hand, grassland birds are affected 

by the landscape context in which usable fields are located, frequently selecting large and 

homogeneous patches of open grassland habitat (Helzer and Jelinski, 1999; Winter and 

Faarborg, 1999; Johnson and Igl, 2001; Hamer et al., 2006), thereby depending on planning 

policies driving land uses at large spatial scales. Although this dual role of landscape and 

field conditions affecting the conservation of farmland birds has been recognized previously 

(Milsom et al., 1998; Pärt and Söderström, 1999; Best et al., 2001), there is still limited 

understanding on the relative role of factors operating at different scales in determining bird-

agriculture relationships (but see Moreira et al., 2005a, Batáry et al., 2007, and references 

therein). This is a complex task because habitat features may be strongly correlated across 
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scales, making it difficult to disentangle the unique contribution of factors operating at any 

given scale (Borcard et al., 1992; Legendre and Legendre, 1998). Furthermore, bird usage of 

fields may vary in relation to the distribution of conspecifics in the surrounding landscape, 

which may interact with field and landscape characteristics to determine local bird 

abundances (Jensen and Cully, 2005). These interactions may vary over the year, due to 

seasonal shifts in social behaviour from winter gregariousness to spring territoriality (Telleria 

and Pérez-Tris, 2003), further complicating the identification of grassland bird habitat 

requirements in farmed landscapes. 

The calandra lark is a suitable model species to analyze multi-scale factors affecting 

grassland bird conservation in agricultural landscapes (Suárez-Seoane et al., 2002; Osborne 

et al., 2007; Reino et al., 2009). In the Iberian Peninsula, calandra larks are particularly 

abundant within open farmland devoted to rotational dry cereal cultivation and livestock 

grazing, where they mainly use fallow fields (Delgado and Moreira, 2000; Suárez-Seoane et 

al., 2002; Moreira et al., 2005a). Fallow fields typically remain uncultivated for 2-5 years (or 

more) and occupy 30-80% of these farmed landscapes, providing particularly important 

feeding and breeding conditions for both migratory and resident grassland species of 

conservation concern (Suárez et al., 1997; Delgado and Moreira, 2000; Moreira et al., 

2005a). Presently this farming system of low economic value is suffering the dual threats of 

intensification and abandonment, both of which contribute to the loss of valuable habitats for 

grassland birds. Under more intensive regimes the area occupied by fallow land is smaller, 

rotation cycles are shorter, and frequently there are increases in grazing pressure, the 

replacement of sheep by cattle, and the sowing of improved pastures (Suárez et al., 1997). 

Abandonment results in longer rotations, scrub encroachment and even afforestation 

(Suárez et al., 1997; Van Doorn and Baker, 2007). These changing farming regimes are 

expected to cause severe declines in the range and numbers of calandra larks, along with 

that of many grassland bird species of conservation concern (Suárez et al., 1997; Brotons et 

al., 2004; Moreira et al., 2005a; Reino et al., 2009), thereby calling for a detailed 

understanding of their habitat requirements at multiple spatial and temporal scales. This is 

essential if we are to predict the consequences of ongoing landscape changes and to devise 

adequate management prescriptions that could benefit the species in this changing 

agricultural environment. 

This study examined field and landscape-scale habitat requirements of calandra lark 

during the breeding and winter seasons, across a gradient of agricultural intensification-

abandonment in southern Portugal. The study adopted a variation partitioning approach 
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(sensu Bocard et al., 1992; Legendre and Legendre, 1998) to isolate the unique contributions 

of field and landscape sets of variables to the explanatory power of distribution and 

abundance models, thereby contributing to identify critical elements that should be 

considered for the conservation management of this species (Moreira et al., 2005a). 

Neighbourhood effects were also considered in variation partitioning, to account for eventual 

spatial autocorrelation in species distributions resulting from spatially structured habitat 

conditions or demographic effects (e.g., Magalhães et al., 2002; Reino et al., 2006). This 

information was then used to discuss agri-environment prescriptions favouring the 

persistence of calandra larks and other open grassland birds in Mediterranean farmland. 

 

3.2 Methods 

 

3.2.1 Study area 

 

The study was conducted in the region of Castro Verde (southern Portugal), within a 20 x 30 

km2 rectangle encompassing a north-south gradient of agricultural intensification-

abandonment (Figure 3.1). The climate is Mediterranean, with hot summers (averaging 24ºC 

[16-32ºC] in July), fairly cold winters (averaging 9ºC [5-14ºC] in January), and >75% of 

annual rainfall (500-600 mm) concentrated in October-March. The landscape is flat or gently 

undulating (100-300 m a.s.l.) and dominated by an open farmland mosaic of cereal, fallow 

and ploughed fields, created by rotational dry cereal cultivation. Typically, fields are 

cultivated with cereals (generally, wheat Triticum spp. and barley Hordeum spp.) for two 

consecutive years, when they are sown in September-November and harvested in June-July. 

Cultivation is followed by a period with no agricultural management that may last from two to 

several years, and then land is ploughed to re-initiate the rotation cycle. Fallow fields are 

often grazed by sheep and, to a lesser extent, by cattle. The proportion of land cultivated 

each year and the period of fallowing depends on soil productivity, varying markedly across 

the study area. The northern part is flatter and soils more productive, and so the proportion of 

land cultivated each year is high and fallow fields are short-term (<3 years), many consisting 

of stubble fields. In the south there is a mosaic of shrubland interspersed with old fallow 

fields (up to 10 years old), as a result of agricultural abandonment and scrub encroachment. 

Finally, in the central part of the study area the cultivation of cereals is associated with 

medium  to long  rotations (2-5 years), and so  grazed fallow fields  predominantly occupy the  



72   |   Farmland bird responses to land use changes: the role of habitat fragmentation 

 

Luís Reino (2009) 

 

Figure 3.1. Interpolated maps, based on inverse-square-distance weighing, of calandra lark densities 

across the study area in winter (left; birds/10 ha) and spring (right; territories/10 ha). Filled and unfilled 

dots are sampling fields where larks were present and absent, respectively. Dashed areas represent 

forest and shrubland habitats that are unsuitable for calandra larks. 

 

arable land. Throughout the region there are holm oak Quercus rotundifolia woodlands of 

variable tree cover, frequently grazed by livestock. Forested areas are increasing, due to 

afforestation of abandoned arable land with umbrella pines Pinus pinea, and holm and cork 

oak Quercus suber. Large patches of continuous shrubland (mostly Cistus ladanifer) can be 

found in the most rugged areas, especially along river valleys, and covering recently 

abandoned cropland. The study area was partly included in the Special Protection Area of 

Castro Verde, designated under the European Union Birds Directive (79/409/EEC) due to its 

importance for open grassland birds. In part of the area there is an agro-environment subsidy 

scheme, whereby farmers are compensated for maintaining agricultural practices favouring 

bird conservation. Details of the study area and its bird communities can be found in previous 

studies (Moreira, 1999; Delgado and Moreira, 2000; Moreira et al., 2005a; Reino et al., 

2009). 

 

 

 

 

0 5 km
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3.2.2 Bird sampling 

 

Calandra larks were counted in 42 fallow fields of approximately 10 ha each (mean = 9.4 ha, 

5.5-13.6 ha), 30 of which were sampled in winter 1999/2000 and spring 2000, and 12 in 

winter 2000/2001 and spring 2001. Fields were selected as part of a larger study assessing 

habitat requirements of open farmland birds, following the stratified random procedure 

described by Moreira et al. (2005a). Briefly, fields were selected to cover homogeneously the 

spatial intensification-abandonment gradient, with the additional constraints of just one field 

per farm and a minimum distance of 500 m between fields, to reduce spatial autocorrelation 

due to similarities in farm management. Fields were selected within the open farmland 

mosaic that is the most important for steppe birds of conservation concern (Moreira, 1999; 

Delgado and Moreira, 2000; Moreira et al., 2005a), thereby avoiding long-abandoned fields 

(> 20% cover by shrubs) and open oak parklands (> 5% cover by trees). 

In winter, bird counts were carried out in each field was counted five times, at about 

two-week intervals between December and mid-February (Moreira et al., 2005a). On each 

visit, the entire field was walked so that the observer approached to within 50 m or less of 

every point. All individuals and flocks were identified and recorded on previously prepared 

detailed field maps (1:2,000), where the position of marking poles and noteworthy 

topographical features (e.g., dirt tracks, stone piles and shrub patches) was depicted. In 

spring, the number of breeding territories was estimated using the territory mapping 

technique (Bibby et al., 2000), by compiling the information obtained in seven counts made 

from mid-March to mid-June, at about two-week intervals. Counts were carried out within 4 

hours after sunrise and within 2 hours before sunset, with none in heavy or persistent rain, or 

in strong wind conditions. 

 

3.2.3 Explanatory variables 

 

Factors influencing calandra lark were analyzed using three sets of explanatory variables, 

reflecting field management, landscape context, and neighbourhood effects (Table 3.1). 

Variables were selected based on consideration of the existing literature on habitat 

associations of the calandra lark (Delgado and Moreira, 2000; Moreira, 1999; Suárez-

Seoana et al., 2002; Moreira et al., 2005a) and other open grassland birds (e.g., Wilson et 

al., 1997; Milsom et al., 1998; Best et al., 2001; Coppedge et al., 2001; Johnson and Igl, 

2001; Ribic and Sample, 2001; Barnett et al., 2004). 
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Table 3.1.  Summary statistics (mean ± standard deviation) of field, landscape and neighbourhood sets of variables used to characterize fallow fields 

with and without calandra lark, in the winter and spring seasons. Values for transformed variables are presented in the original scale. 

Winter (Mean ±±±±SD) Spring (Mean ±±±±SD) 

Variable (abbreviation; unit) Description (transfor mation) 

Presences Absences Presences Absences 

Field variables       

Livestock (LVSTOCK;%) Frequency of occurrence of livestock across sampling visits (Log10) 22.9±30.2 17.1±21.6 26.4±27.4 24.1±20.0 

Fallow age (AGE; years) Time since last cultivation or ploughing 2.4±3.0 1.6±2.3 2.4±3.2 1.4±1.7 

Stubbles (STUB) Presence of stubbles  0.3±0.5 0.3±0.5 0.3±0.5 0.3±0.5 

Vegetation height (VEGH; cm) Mean height of herbaceous vegetation (Log10) 5.1±3.6 5.1±2.3 20.0±7.4 22.4±10.8 

Bare ground (BARE; %) Percentage cover by bare ground (Asin[√p]) 5.7±6.2 8.4±7.8 5.2±5.7 4.8±5.6 

Shrubs (SHRUB) Presence of shrubs  0.2±0.4 0.5±0.5 0.2±0.4 0.6±0.5 

Trees (TREE) Presence of trees  0.2±0.4 0.6±0.5 0.3±0.4 0.7±0.5 

Landscape variables       

Open farmland cover (FARM; %) Percentage of area with arable fields and pastureland (Asin[√p]) 62.3±27.0 36.4±24.9 60.0±25.1 32.7±24.7 

Farmland patch (PATCH; ha) Size of the open farmland patch where the sampled field was inserted 

(Log10) 

168.9±84.5 85.0±78.8 155.1±80.0 78.2±82.3 

Mean patch size (MPS; ha) Mean size of open farmland patches (Log10) 137.3±86.7 63.2±70.7 119.6±83.6 61.7±75.0 

Patch shape index (AWMSI) Area weighted mean shape index of open farmland patches 1.6±0.3 1.7±0.3 1.6±0.3 1.7±0.4 

Drainage density  (RIVER;km/km2) Density of stream network (Log10) 3.6±0.4 4.1±0.8 3.6±0.4 4.1±0.8 

Road density  (ROAD; km/km2) Density of road network (Log10) 2.1±0.6 2.3±0.9 2.1±0.6 2.3±0.9 

Neighbourhood variables       

Mean occurrence (NEIGH-OCCUR) Distance-weighed mean prevalence of conspecifics in surrounding fields 0.5±0.2 0.4±0.2 0.6±0.2 0.4±0.2 

Mean abundance (NEIGH-ABND) Distance-weighed mean density of conspecifics in surrounding fields 

(Log10) 

1.8±4.0 0.7±0.6 1.6±1.2 0.8±0.5 
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Fields were described from seven variables characterizing grazing intensity, fallow field age 

and vegetation structure. For each season, an index of grazing intensity was obtained from 

the proportion of bird counting visits where livestock (mostly sheep) were observed. Fallow 

age was assessed from inquiries to landowners and defined as the time in years since last 

cultivation, assigning an age of zero to fields harvested in the previous summer. The 

occurrence of stubbles was quantified using a binary variable. Mean vegetation height was 

estimated in January and May from 60 evenly spaced measurements taken along a transect 

crossing the longest axis of each field (Moreira, 1999). Cover by bare ground was estimated 

likewise as the proportion of the 60 measurements with no vegetation. The presence of 

shrubs and trees were coded as binary variables. 

Landscape context was described using six variables reflecting the amount and 

fragmentation of calandra lark habitats. These were quantified in 1-km-radius circles centred 

on sampling fields, from land-use maps prepared using aerial photography and field surveys, 

within a Geographical Information System (GIS) environment. This radius was set large 

enough to encompass different land uses despite the relative homogeneity of the landscape, 

while remaining within the range of scales used to assess landscape influences on farmland 

birds (Söderström and Pärt, 2000; Best et al., 2001; Moreira et al., 2005a). The quantity of 

potential habitat was estimated from the proportion of open farmland, defined as continuous 

expanses of fallow, cereal and ploughed fields, with virtually no trees, shrubs or hedgerows, 

based on previous information about the ecological requirements of calandra lark in southern 

Portugal (Moreira, 1999; Delgado and Moreira, 2000). Patches of open farmland were 

bordered by unsuitable shrubland and forest habitats, and so fragmentation was estimated 

from the size (ha) of the continuous patch of open farmland where each sampled fallow field 

was inserted and by the mean size (ha) of open farmland patches in the surrounding 

landscape. The extent to which patch shapes deviated from circularity was estimated from 

the Area Weighted Mean Shape Index (AWMSI), because increases in edge-affected 

habitats with increasing patch complexity may influence grassland bird distributions (Helzer 

and Jelinski, 1999). Landscape metrics were computed using the Patch Analyst extension 

(version 3.1) of Arc View® GIS (Rempel and Carr, 2003). Stream and road densities were 

estimated from digitized 1:25,000 topographic maps, and used also to reflect open farmland 

fragmentation. 

Variables reflecting neighbourhood effects were also used as explanatory variables to 

account for unmeasured spatially structured factors (e.g., Magalhães et al., 2002; Reino et 

al., 2006). Neighbourhood effects on local occurrences were estimated using a variable 
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expressing the frequency of occurrence of calandra larks in surrounding fields (e.g., Reino et 

al., 2006). For each sampling field, this variable was computed as a distance-weighed mean 

of lark’s occurrence in the other fields sampled during this study, coding the occurrence of 

larks as a binary variable and using inverse-square-distance weighing (Legendre and 

Legendre, 1998). Neighbourhood effects on local abundances were estimated likewise, by 

computing a weighted mean of lark densities at surrounding fields (e.g., Magalhães et al., 

2002). 

 

3.2.4 Statistical analyses 

 

Analyses were designed to estimate factors influencing the local occurrence and density of 

calandra lark in both winter and spring. In winter, species presence in a given field was 

assumed if it was recorded at least once during the five counts, whereas in spring the 

presence of larks was assumed if at least one breeding territory was detected using the 

territory mapping technique. Winter density was estimated considering the mean count over 

the five visits (birds/10 ha), whereas breeding densities were estimated from territory number 

(territories/10 ha). Prior to statistical analysis, abundance data and skewed habitat variables 

were transformed to approach normality and to reduce the influence of a few large values, 

using the angular transformation for proportional data and the logarithmic transformation for 

continuous variables (Table 3.1). 

Factors affecting the local occurrence of calandra lark were investigated separately 

for the wintering and the breeding seasons, using logistic regression. Factors affecting 

variation in calandra lark density were examined likewise using linear regression. Density 

analysis excluded fields where calandra lark were absent, thereby focusing on the range of 

habitat conditions suitable to the species. In all analysis, a binary variable coding the year of 

sampling was forced into distribution models to account for eventual changes in species 

prevalence or abundance between years. Modelling involved a two-stage procedure (e.g., 

Reino et al., 2009; Pita et al., 2009), based on the Information Theoretic Approach (ITA) of 

Burnham and Anderson (2002). The ITA looks for simplicity and parsimony of several 

working hypothesis and it is based on the strength of evidence of each candidate predictive 

model. The AIC adjusted for small samples (AICc) was used as a measure of information 

loss of each candidate model, with the best fitting model having the lowest AICc and the 

highest Akaike weight (wi), which measures the posterior probability that a given model is 
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true, given the data and the set of competing candidate models (Burnham and Anderson, 

2002). Analyses were carried out in R 2.7.2 software (R Development Core Team, 2008). 

Model selection started by evaluating alternative response curves of calandra lark to 

habitat variables, considering linear (y = K + bx), square-power (y = K + cx2) and quadratic 

(y = K + bx + cx2) functions (Legendre and Legendre, 1998). For each pair of explanatory 

and response variables, the best fitting curve was carried forward to subsequent analysis, 

using Akaike weights as the model selection criteria (Burnham and Anderson, 2002). 

Scatterplots and regression diagnostics were used to check eventual problems resulting from 

the presence of outliers and influential points (Legendre and Legendre, 1998). A second set 

of analyses involved the development of multivariate models describing the relationships 

between each response variable and the explanatory variables. To reduce collinearity 

problems, Pearson’s correlation (R) was computed between each pair of explanatory 

variables, dropping from subsequent analyses one variable from each pair with |R| > 0.70. 

The variable dropped from each pair was always the one least associated with the 

dependent variable, as judged from AICc values. Multivariate models were built separately 

for field, landscape and neighbourhood sets of variables, to assess factors operating at 

different scales. In each case, models were built from all possible subsets of the predictor 

variables, and Akaike weights were used as a measure of model plausibility. The probability 

that a variable is included in the best approximating models, given the set of variables 

considered, was then estimated by summing the Akaike weights of all candidate models 

where the variable was included (Burnham and Anderson, 2002). Although testing all 

possible models is not the best strategy in model selection (Anderson, 2008), this approach 

is often used when there is not enough a priori information to built a more reduced set of 

plausible candidate models (e.g., Whittingham et al., 2005). In common with other studies 

(Whittingham et al., 2005), the possibility of finding spurious models was reduced by 

restricting the analysis to variables that were previously suggested as predictors of open 

grassland bird distribution and abundance. 

The most plausible field, landscape and neighbourhood models, as judged from the 

corresponding Akaike weights, were used in variation partitioning to isolate the unique and 

shared contributions of factors operating at different scales to the explanatory power of 

distribution and abundance models (Bocard et al., 1992; Legendre and Legendre, 1998). 

This was based on an extension to three sets of variables of the method of Borcard et al. 

(1992), which isolated seven components of explained variation in lark distribution and 

abundance (e.g., Anderson and Gribble, 1998; Reino et al., 2006): i) pure field effects; ii) 
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pure landscape effects; iii) pure neighbourhood effects; iv) shared field and landscape 

effects; v) shared field and neighbourhood effects; vi) shared landscape and neighbourhood 

effects; and vii) shared field, landscape and neighbourhood effects. The Nagelkerke r2 

(Nagelkerke, 1991) was used as a measure of variation explained by each logistic model, 

whereas the coefficient of determination (R2) was used for linear regression models. 

 

3.3 Results 

 

3.3.1 Overall patterns 

 

In both seasons, calandra larks were found primarily in the northern part of the study area, 

where they showed the highest local abundances (Figure 3.1). In winter, larks occurred in 

one-third of the sampling fields (33%), with a mean density (±se) in fields where they 

occurred of 6.0±2.3 birds/10 ha (0.5-29.5, n = 14). Calandra larks were slightly more 

widespread in spring (45% of sampling fields), with densities varying less among fields where 

they occurred (4.5±0.5 territories/10 ha, 2.0 - 9.1, n = 19) than in winter. All fields occupied in 

winter also had larks in spring, whereas 26% of spring occurrences were recorded in fields 

unused in winter. Excluding double absences, there was a high correlation between spring 

and winter densities (R = 0.77). 

 

3.3.2 Determinants of field occupancy 

 

Models of calandra lark occurrence including the year of sampling were always poorer in 

terms of AICc than the corresponding null models, indicating that species prevalence did not 

change between years in either spring or winter. In contrast, some field, landscape and 

neighbourhood variables produced univariate models that performed consistently better than 

the corresponding null models (Table 3.2). The presence of trees and shrubs were the field 

variables showing the strongest negative relation with lark occurrence, though the latter 

effect was much weaker in winter (Table 3.2). Fallow age and the presence of stubbles were 

highly correlated variables (|R| > 0.70), and so only the former was used in multivariate 

modelling. Analysis of landscape variables underlined strong responses to the amount and 

fragmentation of favourable habitats, with the prevalence of larks being positively influenced 

by open farmland cover, local patch size and mean patch size, and negatively so by stream 
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density (Table 3.2). The former three variables were highly correlated (|R| > 0.70), and so 

only the open farmland cover and the mean patch size were used in multivariate modelling of 

spring and winter occupancy data, respectively. Calandra lark occurrence appeared most 

sensitive to habitat quantity and fragmentation in winter, as the probability of larks occurring 

in fields embedded in landscapes with less and more fragmented habitats tended to be 

highest in spring (Figure 3.2). Models with neighbourhood variables indicated that the local 

occurrence of calandra lark was positively related with its mean prevalence in surrounding 

fields, though this effect was much stronger in spring than in winter (Table 3.2). 

In multivariate modelling of spring occupancy data, the landscape effects with the 

highest selection probabilities were the positive response to the amount of open farmland 

and the negative response to increasing shape complexity of open farmland patches 

(AWMSI), both of which were included in most plausible model (Table 3.3). The best field 

model included the negative influences of tree and shrub presence, and that of increasing 

vegetation height, though with much higher selection probabilities for the former two 

variables (Table 3.3). The amount of explained variation in spring occurrence by field and 

landscape models was similar, whereas that of neighbourhood models was slightly lower 

(Table 3.3). Variation partitioning isolated relatively high proportions of unique field and 

landscape effects on calandra lark occurrence, whereas most variation explained by 

neighbourhood effects was shared with that of field and landscape sets of variables 

(Figure 3.3). 

In winter, landscape variables with the highest selection probabilities were the mean 

size and the complexity (AWMSI) of open farmland patches, with the former variable and 

river drainage density being included in the most plausible model (Table 3.3). The presence 

of trees was the field variable with the highest selection probability, though the presence of 

shrubs was also included in the most plausible model (Table 3.3). The amount of explained 

variation in field winter occupancy by landscape models was slightly higher than that of field 

models, whereas that of neighbourhood models was much lower than that of landscape and 

field models (Table 3.3). Variation partitioning showed that a relatively large proportion of 

explained variation in the distribution model was accounted for unique field and landscape 

effects, whereas there were virtually no unique neighbourhood effects. Like in spring, there 

were relatively large amounts of explained variation shared among sets of variables, 

particularly between field and landscape effects (Figure 3.3). 
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Table 3.2. Summary results of analysis evaluating alternative response curves of calandra lark to 

habitat variables In each case, the table indicates whether the most plausible response curve was 

linear (1), square power (2) or quadratic (3), and the corresponding  Akaike weights (wi).  The sign of 

the slope is given for linear and square power response curves, indicating positive (+) or negative (-) 

directions of association. 

Occurrence Abundance 

Variables 

Winter Spring Winter Spring 

Field      

Livestock 0.31 (+)2 0.30 (+)2 0.20 (+)1 0.19 (-)1 

Fallow age 0.35 (+)2 0.42 (+)2 0.32 (+)1 0.18 (+)1 

Stubbles 0.24 (-)1 0.24 (+)1 0.23 (-)1 0.18 (+)1 

Vegetation height  0.27 (-)1 0.28 (-)2 0.22 (+)1 0.64 (+)2 

Bare ground  0.44 (-)1 0.25 (+)2 0.23 (+)1 0.21 (+)1 

Shrubs  0.71 (-)1 0.90 (-)1 0.63 (-)1 0.33 (-)1 

Trees  0.92 (-)1 0.94 (-)1 0.29 (-)1 0.66 (-)1 

Landscape      

Open farmland cover 0.96 (+)1 0.99 (+)1 0.78 (+)1 0.80 (+)2 

Farmland patch 0.94 (+)1 0.98 (+)1 0.80 (+)1 0.90 (+)2 

Mean patch size  0.98 (+)1 0.95 (+)1 0.89 (+)2 0.99 (+)2 

Patch shape index 0.41 (-)1 0.43 (-)2 0.23 (-)1 0.21 (-)2 

Drainage density  0.71 (-)1 0.62 (-)2 0.72 (-)1 0.87 (-)1 

Road density   0.25 (-)1 0.25 (-)1 0.27 (-)1 0.93 (-)2 

Neighbourhood     

Mean occurrence 0.72 (+)2 1.00 (+)2 - - 

Mean abundance  - - 0.18 (+)1 0.58 (+)2 

 

3.3.3 Determinants of lark density 

 

Models of calandra lark abundance including the year of sampling were always poorer in 

terms of AICc than the corresponding null models, indicating that species density did not 

change between years in either spring or winter. Landscape variables produced univariate 

models that performed consistently better than null models, whereas the support for field and 

neighbourhood effects was much weaker (wi < 0.70) (Table 3.2). The presence of shrubs in 

winter and the presence of trees in spring were the field variables with the strongest negative 

relation with lark densities. Spring densities tended to increase along with vegetation height, 

but support  to  this effect  was relatively  low  (Table 3.2).  Fallow  age and  the  presence  of 
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Figure 3.2.  Variation in spring (solid line) and winter (dashed line) probabilities of calandra larks 

occurrence estimated from logistic regression modelling, as a function of variables describing the 

characteristics and landscape context (1-km radius buffer) of fallow fields in southern Portugal. Closed 

and open circles indicate the predicted probabilities of occupancy for sites with and without calandra 

larks, respectively. For binary variables (presence of shrubs and trees), the size of symbols is 

proportional to the number of sites with or without calandra larks, and data points are slightly displaced 

along the XX axis to enhance readability. Models were fitted on transformed data (Table 2.1) but are 

depicted on the original scale. 
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Table 3.3.  Summary results of information-theoretic model selection for the relationships between 

calandra larks and field, landscape and neighbourhood sets of variables. For each response variable, 

the table provides the model selection probabilities of individual explanatory variables, and the Akaike 

weights (wi) and percentage of explained variation (R2) for each of the most plausible field, landscape 

and neighbourhood models. Akaike weights for variables included in the best models are underlined. 

Abbreviations of variables are given in Table 3.1 and directions of associations between response and 

explanatory variables are given in Table 3.2. 

Occurrence Abundance 

Variables 

Winter Spring Winter Spring 

Field      

R2 29.3 43.3 49.8 20.5 

wi 0.09 0.19 0.23 0.1 

AGE 0.29 0.31 0.53 0.24 

VEGH 0.33 0.51 0.32 0.49 

BARE 0.49 0.24 0.14 0.35 

SHRUB 0.56 0.82 0.77 0.2 

TREE 0.86 0.92 0.18 0.63 

LVSTOCK 0.29 0.23 0.13 0.16 

Landscape     

R2 39.1 41.4 51.9 57.8 

wi 0.34 0.44 0.4 0.23 

MPS/FARM 0.97a 0.99b 0.84a 0.75a 

AWMSI 0.65 0.73 0.51 0.21 

RIVER 0.35 0.28 0.28 0.52 

ROAD 0.27 0.23 0.12 0.77 

Neighbourhood     

R2 10.2 34.8 0.3 18.2 

wi 0.61 0.99 0.18 0.59 

NEIGH 0.61 0.99 0.18 0.59 
a Analysis carried out using MPS; b Analysis carried out using FARM 

 

stubbles were highly correlated variables (|R| > 0.70), and so only the former was used in 

multivariate modelling. In both seasons, lark densities were strongly influenced by variables 

reflecting the amount and fragmentation of open farmland at the landscape scale, increasing 

with the total cover, local patch size and mean patch size of open farmland, and declining 

with stream density. The former three variables were highly correlated (|R| > 0.70), and so 

only the mean patch size was used in multivariate modelling, as this showed the strongest 
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association with lark densities in both winter and spring. The negative effect of habitat 

fragmentation appeared strongest in winter, when lark densities tended to be lower than in 

spring in landscapes with low proportion of open farmland (< 60%) and relatively small mean 

patch sizes (< 120 ha), but to be much higher than spring densities in less fragmented 

landscapes (Figure 3.4). In the breeding season, but not in winter, road density showed a 

very strong negative effect on lark density (Table 3.2). There was essentially no support for 

neighbourhood effects on winter densities, whereas local breeding densities were positively 

related with that in surrounding fields (Table 3.2). 

In multivariate modelling of spring densities, the landscape effects with the highest 

selection probabilities were the positive response to the mean size of open patches and the 

negative response to road density, both of which were included in the most plausible model 

(Table 3.3). The presence of trees was the only variable included in the best field model, 

albeit with a relatively low selection probability (Table 3.3). The landscape models explained 

almost three times as much variation as either the field or neighbourhood models (Table 3.3). 

Variation partitioning further emphasized the importance of landscape effects, showing that a 

large proportion of explained variation resulted from unique landscape effects, whereas that 

of field and neighbourhood variables was shared with landscape effects (Figure 3.3). 

In winter, only the mean patch size had a high selection probability, and this and the 

patch shape index (AWMSI) were the only variables included in the best landscape model 

(Table 3.3). The best field model included the effects of shrub presence and fallow age, 

though the latter variable showed a relatively low selection probability (Table 3.3). The 

amounts of explained variation by landscape and field models were similar, whereas the 

neighbourhood model explained virtually no variation in lark winter densities (Table 3.3). 

Variation partitioning confirmed this pattern, indicating that a large proportion of explained 

variation was accounted for by the unique and shared contributions of field and landscape 

sets of variables (Figure 3.3). 

 

3.4 Discussion 

 

This study supports preliminary observations indicating that habitat fragmentation is one of 

the  key factors affecting the  distribution and  abundance of calandra larks  in Mediterranean  
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Figure 3.3. Variation partitioning Venn diagrams representing the unique and shared contributions of 

field, landscape and neighbourhood sets of variables to explained variation in field occupancy and 

local densities of calandra larks, in 42 fallow fields of an open farmland landscape in southern 

Portugal, in both winter and spring. 

 

farmland (Moreira et al., 2005a; Reino et al., 2009), as suggested by their strong positive 

responses to the amount and patch size of open farmland habitats at the landscape scale, 

and their marked negative responses to the presence of trees and shrubs at the field scale. 

Fragmentation effects seemed stronger during winter, when calandra larks were gregarious 

and appeared to concentrate solely in large and continuous expanses of open habitat. 

Calandra larks were also sensitive to habitat fragmentation during the breeding season, 
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though they also occurred at low density in more fragmented habitats than in winter, which 

may reflect the effect of territorial conspecifics in the surrounding landscape. These strong 

negative responses to habitat fragmentation are similar to that reported for a range of bird 

species inhabiting natural and agricultural grasslands (Wilson et al., 1997; Helzer and 

Jelinski, 1999; Winter and Faarborg, 1999, Johnson and Igl, 2001; Hamer et al., 2006), 

suggesting that the calandra lark is an area-sensitive species and a true grassland specialist. 

However, several non-exclusive hypotheses may be put forward to explain the ecological 

mechanisms underlying these marked fragmentation effects, which need testing in future 

studies. 

In common with other grassland birds, it is possible that calandra larks avoid 

fragmented landscapes due to increased predation risks at habitat edges (Burger et al., 

1994; Vickery et al., 1999), as predator density is frequently higher near edges (Flaspohler et 

al., 2001) and predators may use edges as travel corridors (Small and Hunter, 1988; 

Renfrew et al., 2005). Furthermore, mammalian carnivores in Mediterranean farmland 

landscapes tend to be most diverse and abundant where open habitats are fragmented by 

forest and shrubland patches and corridors (Pita et al., 2009). This predation hypothesis is 

supported to some extent by a recent study showing that calandra larks strongly avoid woody 

edges, only reaching densities equivalent to core open habitats at > 200 m from forest 

plantations (Reino et al., 2009). It is uncertain, however, whether predation risk is always 

lower in the interior of open areas, due to the ease with which predators can move within 

these habitats and the presence of open area specialized predators (Renfrew et al., 2005). 

This idea is supported by preliminary findings on predation patterns and predator distribution 

in the study area, suggesting that nest predation rates are not necessarily highest near 

wooded edges, and that reductions in the abundance of mammalian carnivores in open 

farmland landscapes may be compensated at least partly by increased abundances of some 

avian predators (L. Reino, R. Morgado and P. Beja, unpublished data). Irrespective of the 

actual predation risk, however, it is also possible that calandra larks avoid small patches 

bordered by woody vegetation due to reduced foraging efficiency, as it has been found that 

granivorous passerines tend to show higher vigilance levels and shorter food-search periods 

in patches with obstructed views compared to ones with clear views (Whittingham and 

Evans, 2004). The preference for large, continuous patches of open farmland habitat may 

also be related to higher resource density and lower risk of movement to exploit those 

resources (Söderström and Pärt, 2000; Hamer et al., 2006). This may be particularly 

important  in this  study area, because at any given  time only part of the  farmland  habitat is  
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Figure 3.4 . Variation in spring (solid line) and winter (dashed line) densities of calandra larks 

estimated by linear regression modelling, as a function of variables describing the characteristics and 

landscape context (1-km radius buffer) of fallow fields in southern Portugal. For binary variables 

(presence of shrubs and trees), data points are slightly displaced along the XX axis to enhance 

readability. Models were fitted on transformed data (Table 3.1) but are depicted on the original scale. 

Note the scale break at 19-28 birds/10 ha. 
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available to calandra larks, as they mostly use fallow fields and pastures in a landscape 

otherwise made up of cereal and ploughed fields (Delgado and Moreira, 2000). Finally, the 

avoidance of fragmented landscapes may have at present no adaptive value, resulting from 

the evolution of grassland birds in open, extensive prairies and steppes, which resulted in a 

strong aversion to less familiar features (Renfrew et al., 2005). Clearly, further information is 

needed to clarify which of these hypotheses, if any, underlie the strong responses of 

calandra larks to habitat fragmentation, as different mechanisms may imply different 

conservation options. 

At the field scale, the strong avoidance of trees and shrubs by calandra larks 

resembles that reported for other specialist grassland birds (Coppedge et al., 2001; Ribic and 

Sample, 2001), and it is usually interpreted as reflecting the evolved or immediate avoidance 

of actual or perceived predation risk (Lima and Valone, 1991; Lima, 1993). Trees and shrubs 

are often used as look-out perches by avian predators, whereas shrubs frequently provide 

adequate cover and stalking sites to many mammalian predators. For instance, in the study 

area, various potential avian predators of nests or adult birds, such as birds of prey, carrion 

crows Corvus corone, azure-winged magpies Cyanopica cyanus and southern grey shrikes 

Lanius meridionalis, often breed and perch in isolate trees, groups of trees and small shrub 

patches. Another field variable affecting calandra larks was the height of herbaceous 

vegetation, which was negatively related with the presence of the species in spring, 

corroborating the strong preference for short swards shown by Moreira (1999). However, 

when analysing only fields where calandra larks were present, there was a tendency, albeit 

weak, for densities increasing with the height of herbaceous vegetation. This may be a 

consequence of the confounding effect of tree presence, the strongest negative correlate of 

breeding lark density at the field scale, as vegetation height tended to be shorter in fields with 

trees (14.9±5.6 cm) than without trees (20.4±7.6 cm). The weak positive response of 

calandra larks to fallow age during winter was consistent with the pattern previously 

described by Moreira et al. (2005a) for seed-eating passerines in the same study area. 

Reasons for this are unclear at present, but they may reflect a higher availability or 

accessibility of seeds in old grazed fallows (Moreira et al., 2005a). 

In both seasons field occupancy by calandra larks increased with the occurrence of 

conspecifics in neighbouring fields, and spring densities were also higher where conspecifics 

were more abundant nearby. This pattern may partly be a consequence of spatial 

autocorrelation in habitat conditions, as calandra larks were locally more prevalent and 

abundant in large, continuous expanses of open farmland, which also favoured conspecifics 
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in neighbouring fields. This view is supported by the generally low contribution of 

neighbourhood effects to the explanatory power of occurrence and abundance models, when 

field and landscape features were statistically controlled. Nevertheless, the relatively high 

proportion of explained variation on local occurrence of breeding larks that was shared 

among landscape, field and neighbourhood effects, may reflect some kind of density-

dependent habitat selection. During this period intraspecific competition and territorial 

behaviour is usually responsible for a more evenly spaced distribution, which may exclude 

some individuals from the best habitats once a given threshold density is passed (Newton, 

1992; Tellería and Pérez-Tris, 2003) and force these birds to use marginal, less favourable 

habitats (Jensen and Cully, 2005). This could cause the positive relationship between local 

occupancy and conspecific occurrence in neighbouring fields, within landscapes and fields 

meeting the species requirements. 

In winter, neighbourhood effects were weaker, probably due to the seasonal shift of 

social behaviour from spring territoriality to winter gregariousness. Flocking behaviour in 

winter allows birds to concentrate in the most favourable areas, thereby decreasing the 

potential for density-dependent habitat selection. In the calandra lark, winter gregariousness 

may be favoured by the overabundance of seed resources in Mediterranean farmland (Diáz 

and Telleria, 1994), whereas the invertebrate resources used to feed the chicks may put tight 

limits to breeding densities. These views are supported by the observed spatial distribution 

patterns, with larks occupying a more restricted area in winter than in spring. The winter area 

probably corresponded to the best habitats, as suggested by the strong correlations between 

winter and spring local densities, with few birds breeding in fields that were unused in the 

previous winter. Furthermore, calandra larks in spring were able to settle in more fragmented 

landscapes than in winter, albeit at lower density than in large and continuous open farmland 

areas. The possibility that calandra larks use suboptimal habitats during the breeding season 

due to density-dependent mechanisms deserves further investigation, as this may have far-

reaching consequences for the regulation of population size (Rodenhouse et al., 1997). 

Consistent with other analysis of Mediterranean grassland birds (Moreira et al., 

2005a; Brotons et al., 2005; Laiolo and Tella, 2006; Reino et al., 2009), this study underlined 

the strong detrimental effect of habitat fragmentation on calandra larks, thus pointing out the 

need to maintain large expanses of open farmland. This is challenging, because several 

factors are contributing to the rapid loss and fragmentation of open farmland across the 

Iberian Peninsula, most notably the long-term trends for rural depopulation and agricultural 

abandonment in poorly productive areas, generally followed by scrub encroachment and 
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afforestation (Moreira et al., 2005a; Santos et al., 2006; Van Doorn and Baker, 2007). 

Furthermore, fears have been expressed that the latest CAP reform will exacerbate these 

trends, due to a potential reduction of gross profit margins under the new CAP mechanisms 

in comparison to the previous support system and a derived risk of activity cessation (Oñate 

et al., 2007), though it is very uncertain what will be the actual extent of such effects (Tranter 

et al., 2007; Stoate et al., 2009). Although it might be argued that abandonment is beneficial 

to allow land to revert to a more natural condition, there is strong evidence that maintaining 

agricultural landscapes is essential for biodiversity conservation in Mediterranean Europe 

(Santos, 2000; Moreira et al., 2005b). Agri-environment schemes provide at present the main 

mechanisms to support conservation farming in particularly important bird areas (Stoate et 

al., 2009), though effectiveness greatly varies among countries (Kleijn et al., 2006). In the 

case of calandra lark and other grassland birds, it is essential that these schemes are 

targeted at sustaining the rotational cereal farming system, using for instance the guidelines 

suggested in the Cereal Steppes Agri-environmental Programme of Oñate et al., (2007). 

However, the strong fragmentation effects observed in this and other studies suggest that 

these schemes need to be implemented over sufficiently large and continuous areas, 

because maintaining relatively small patches of suitable habitat may be largely worthless 

(Brotons et al., 2005; Moreira et al., 2005a). Because of this, voluntary schemes such as the 

agri-environmental programmes may need to be combined with legal regulations preventing 

detrimental land use changes, as disparate decisions by neighbouring farmers might result in 

totally unsuitable landscape mosaics. This is particularly important, because agri-

environmental incentives to maintain favourable farming practices often compete within the 

same territory with funding schemes encouraging incompatible land uses such as farmland 

afforestation, with strong negative consequences for grassland birds (Díaz et al., 1998; 

Moreira et al., 2005a; Santos et al., 2006; Reino et al., 2009). 
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ABSTRACT 

 

The latest reform of the European Common Agricultural Policy (CAP) may bring major land 

use changes across Europe, but the environmental consequences of such changes remain 

poorly known. In Iberian cereal-steppes, decoupling of payments from current production 

levels through the Single Farm Payment raised concerns regarding the potential for land 

abandonment and replacement of sheep by cattle, with eventual negative consequences for 

declining grassland birds. This study addresses this issue by analysing the responses of five 

grassland bird species of conservation concern to spatial land use gradients, which are 

expected to reflect changes potentially associated with the CAP reform. Our results show 

that both habitat fragmentation and grazing regimes were major drivers of breeding bird 

densities, though responses to these factors were species-specific. Corn buntings and 

Thekla larks were most abundant in landscapes with small grassland patches and high edge 

density, whereas calandra larks were abundant only in large expanses of continuous open 

farmland habitat. Little bustard and short-toed lark densities were highest in landscapes with 

intermediate habitat fragmentation. The abundances of little bustard and corn bunting were 

highest in fields grazed by cattle, whereas short-toed larks were mostly associated with 

sheep pastures. Short-toed larks and Thekla larks were most abundant in old fallow fields 

where cattle was largely absent, whereas corn buntings showed the inverse pattern. These 

results confirm the view that the same agricultural policies may be favourable for some 

species of conservation concern but detrimental to others, and so they cannot be assumed to 

bring uniform conservation benefits. Efforts are thus needed for preventing potential 

undesired consequences of agricultural policies designed at the European scale, through the 

implementation at the local scale of agri-environment schemes tailored to meet particular 

conservation needs. 

 

Keywords:  Farmland birds, CAP reform, decoupling, habitat fragmentation, cereal-steppe, 

grazing regimes. 
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4.1 Introduction 

 

About 15–25 % of the European countryside qualifies as high nature value farmland (EEA, 

2004), a large part of which corresponds to rural land devoted to low input and large scale 

grazing systems, located mainly on the less favoured areas of the European Union 

(Caballero, 2007). These are hot spots of biodiversity, providing strongholds for bird species 

that have suffered steady population declines across Europe in recent decades (Tucker, 

1997). Despite their natural value, the intrinsic socio-economic sustainability of these 

systems is low, requiring sensitive schemes of policy support to help retaining farming 

practices favourable to biodiversity (Stoate et al., 2009). Achieving such goal is among the 

key objectives of the Common Agricultural Policy (CAP), particularly after changes 

introduced in the 2005 reform and in the recent 2008 “health check” (Ackrill et al., 2008; 

Stoate et al., 2009). It remains uncertain, however, how species of conservation concern will 

respond to land use changes expected under the revised CAP, making it difficult to predict 

the actual consequences of such agricultural policies for farmland biodiversity (Stoate et al., 

2009). 

The introduction in 2005 of the Single Farm Payment, and the associated decoupling 

of payments from current production levels, is one aspect of CAP reform with the potential for 

determining major land use changes in marginal farming areas (Oñate et al., 2007; Tranter et 

al., 2007; de Graaf et al., 2010), with uncertain consequences for farmland biodiversity 

(Stoate et al., 2009). For instance, there is a risk that decoupling of crop payments may 

promote abandonment of low-income farming systems (Oñate et al., 2007; Tranter et al., 

2007), particularly where the added costs of cross-compliance requirements cannot be met 

by production increases (de Graaf et al., 2010). This might contribute for further losses and 

fragmentation of farmland habitats, thereby maintaining the tendencies encouraged by past 

financial incentives such as European regulation 2080/92, which supported the afforestation 

of marginal agricultural land (Robson, 1997). Decoupling of livestock payments may also 

spread idling into areas of extensive goat, sheep and cattle operations, which were formerly 

carried out in order to receive livestock payments (Tranter et al., 2007). Further land use 

changes are expected from the possibility given to Member States for maintaining variable 

levels of coupled support to suckler cow, goat and sheep, which is likely to favour particular 

herbivore species depending on the level of coupled support retained in each country, as 

well as promoting shifts from crop to livestock production (Röder et al., 2008). 
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Iberian cereal-steppes are among the European farmland landscapes with the highest 

value for biodiversity conservation (EEA, 2004), mainly due to their importance for a number 

of grassland bird species of conservation concern (Bota et al., 2005). These are extensively 

farmed, mixed rotational systems of winter cereals, fodder crops and grazed fallow land and 

pastures, covering over 4.5 million hectares in dry areas with low forest cover (Suárez et al., 

1997). Like other low-productivity farming systems, Iberian cereal-steppes are under 

increasing pressure from abandonment and intensification (Van Doorn and Bakker, 2007), 

both of which resulting in population declines of species of conservation concern (Brotons et 

al., 2004; Moreira et al., 2005; Sirami et al., 2008; Reino et al., 2009). Fears have been 

expressed that the CAP reform will exacerbate these trends, due to a potential reduction of 

gross profit margins under the new CAP mechanisms in comparison to the previous support 

system and a derived risk of activity cessation (Oñate et al., 2007), though it is very uncertain 

what will be the actual extent of such effects (Tranter et al., 2007). Likewise, it is uncertain 

whether changes in livestock headage payments will affect the traditional pastoral regimes 

based primarily on extensive sheep grazing of cereal stubbles and fallow land (Caballero, 

2007). For instance, in both Portugal and Spain coupled support for suckler cows was 

retained whereas the sheep premium was decoupled in 50%, which may foster declines on 

labour-intensive sheep production systems and, in at least some circumstances, their 

eventual replacement by more rewarding cattle production systems (Serrão and Coelho, 

2005; Tranter et al., 2007). 

Although these potential land use changes may have far-reaching consequences on 

steppe birds, the information needed to anticipate eventual negative impacts is still scarce. 

For instance, although habitat fragmentation through scrub encroachment and afforestation 

is generally negative for open farmland birds, responses appear to be species-specific and 

may interact with other natural and anthropogenic factors (Moreira et al., 2005; Reino et al., 

2009; Morgado et al., in press). Also, little is known about the effects of grazing patterns on 

Mediterranean grassland birds, though the suitability of the sward for nesting and feeding 

should be strongly influenced by the relative densities of different domestic herbivores 

(Vickery et al., 2001). There is thus an urgent need for understanding in far more detail the 

responses of cereal-steppe birds to land use changes, in order to prevent undesired effects 

of the CAP reform. 

This study analysed these issues, by examining breeding grassland bird responses to 

landscape context and local management of fallow fields, across a spatial gradient of 

agricultural abandonment-intensification in cereal-steppes of southern Portugal, which are 
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expected to reflect changes potentially associated with the CAP reform. Fallow land habitats 

were selected, because they tend to occupy a large proportion of the traditional cereal-

steppe landscape, they are highly vulnerable to changing farming practices, and they are 

particularly important for bird species of conservation concern (Suárez et al., 1997; Delgado 

and Moreira, 2000; Moreira et al., 2005). The study focused primarily on the effects of habitat 

fragmentation and grazing regimes, because they may be strongly influenced by the recent 

CAP reform, assessing how these correlate with variation in breeding densities of cereal-

steppe bird species. Results were used to discuss the likely impact of land use changes 

resulting from CAP reform and to formulate agri-environment management recommendations 

for Iberian cereal-steppe farming systems (e.g., Oñate et al., 2007). 

 

4.2 Methods 

 

4.2.1 Study area and species 

 

The study was conducted in southern Portugal, within a 20kmx30km rectangle 

encompassing a gradient of agricultural intensification abandonment (see Moreira et al., 

2005). Climate is Mediterranean, with hot summers (averaging 24.2ºC [16.0-32.4ºC] in July), 

mild winters (averaging 9.3ºC [4.9-13.7ºC] in January), and more than 75% of annual rainfall 

(500-600 mm) concentrated in October-March (INMG, 1991). The landscape has a flat or 

gentle undulating topography (100-300 m a.s.l.) and is dominated by an open agricultural 

mosaic of cereal, fallow and ploughed fields, created by rotational dry cereal cultivation. 

Typically, fields are cultivated with cereals (generally, wheat Triticum spp. and barley 

Hordeum spp.) for two consecutive years, when they are sown in September-November and 

harvested in June-July. Cultivation is followed by a period with no agricultural management 

that may last from two to several years, creating fallow fields, and then land is ploughed to 

re-initiate the rotation cycle. Fallow fields are often grazed by sheep and, to a lesser extent, 

by cattle. The proportion of land cultivated each year and the period of fallowing depends on 

soil productivity, varying markedly across the study area. The northern part is flatter and soils 

more productive, and so the proportion of land cultivated each year is high and fallow fields 

are short-term (<3 years). In the south there is a mosaic of shrubland interspersed with old 

fallow fields (up to 10 years old), as a result of agricultural abandonment and scrub 

encroachment. Finally, in the central part of the study area the cultivation of cereals is 
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associated with medium to long rotations (2-5 years), and so grazed fallow fields 

predominantly occupy the arable land. Throughout the region there are holm oak (Quercus 

rotundifolia) woodlands of variable tree cover, frequently with a grassy understory grazed by 

livestock. Forest plantations are increasing, mostly due to afforestation of abandoned arable 

land with umbrella pine (Pinus pinea) and holm and cork oak (Q. suber). Large scrubland 

patches dominated by gum cistus (Cistus ladanifer) can be found in the more rugged areas, 

especially along river valleys, or covering abandoned cropland. The region was designated 

as a Special Protection Area under the European Directive 79/409/EEC due to its importance 

for steppe birds (Castro Verde SPA; ca. 80,000 ha). In part of the area there is an agri-

environment subsidy scheme, whereby farmers are compensated for maintaining agricultural 

practices favouring bird conservation. 

The study focused on the most abundant grassland bird species breeding in fallow 

land habitats of Castro Verde SPA (Moreira, 1999; Delgado & Moreira, 2000; Moreira et al., 

2007), all of which are species of European conservation concern (Burfield and van Bommel, 

2004): little bustard Tetrax tetrax, calandra lark Melanocorypha calandra, short-toed lark 

Calandrella brachydactyla, Thekla lark Galerida theklae, and corn bunting Emberiza 

calandra. Although Galerida larks are sometimes difficult to identify in the field, we have 

assumed in common with other studies (Moreira, 1999) that only Thekla larks were recorded, 

even though it was not possible to rule out the possibility of misidentification of a few crested 

larks Galerida cristata. This assumption was taken because Thekla larks are far more 

abundant than crested larks in the study area (Moreira et al., 2007), and that birds positively 

identified were indeed Thekla larks. The distribution and abundance of the study species at 

Castro Verde were recently described by Moreira et al. (2007): corn bunting was the most 

abundant species (ca. 16,000 pairs), showing the highest breeding densities in cereal fields; 

little bustards (ca. 4,200 displaying males) and calandra larks (ca. 6,200 pairs) were also 

abundant, and they were strongly associated with fallow fields; short-toed larks (ca. 1,500 

pairs) were common in ploughed land and, to a lesser extent, in fallow fields, whereas Thekla 

larks (ca. 3,700 pairs) occurred most often in grasslands interspersed with shrub patches 

and trees. 

 

4.2.2 Sampling design 

 

Sampling was carried out on a set of fallow fields selected as part of a larger study assessing 

habitat requirements of open farmland birds, following the stratified random procedure 
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described by Moreira et al. (2005). Briefly, 49 fallow fields of approximately 10 ha each 

(mean=9.4 ha ± 1.6 SD, range: 5.5-13.6 ha) were selected in 2000 to cover homogeneously 

the spatial intensification-abandonment gradient, with the additional constraints of just one 

field per farm and a minimum distance of 500 m between fields, to reduce eventual 

dependencies due to similarities in farm management and spatial autocorrelation. Fields 

were selected within the open farmland mosaic that is the most important for steppe birds of 

conservation concern (Moreira 1999; Delgado and Moreira, 2000; Moreira et al., 2005), 

thereby avoiding long-abandoned fields (> 20% cover by shrubs) and open oak parklands 

(> 5% cover by trees). The selected fields were sampled in the spring of either 2000 (36) or 

2001 (13), with sampling in two years resulting from logistical constraints. To account for 

potential temporal fluctuations in bird-habitat relations in dynamic systems (Riffel and 

Gutzwiller, 2009), the same fallow fields were targeted for sampling in 2004. A total of 19 

(47.5 %) of the fields sampled in 2000/01 had been ploughed or sown with cereals due to the 

normal rotation cycle, and so a new fallow field that met the initial criteria was selected for 

sampling at <500 m of each transformed field. In nine cases there were no fallow fields 

meeting the selection criteria, and so sampling in 2004 was reduced to 40 sites and the 

remaining 9 sites were discarded from further analysis. 

 

4.2.3 Bird sampling 

 

Bird sampling was based on the standard territory mapping technique (Bibby et al., 2000). 

Each field was counted six times, at about 2-week intervals, from mid-March to mid-June. In 

each visit, the entire field was walked so that the observer approached to within 50 m or less 

of every point. All individuals were identified and recorded on previously prepared detailed 

field maps (1:2,000), where the position of marking poles and noteworthy topographical 

features (e.g., dirt tracks, stone piles and shrub patches) was depicted. Counts were always 

carried out within 4 hours after sunrise and 2 hours before sunset, with none in heavy or 

persistent rain or in strong wind conditions. The number of breeding territories was estimated 

by compiling the information obtained in the six counts. In the case of little bustards, 

densities refer to territorial males, because this is a polygynous species with an exploded lek 

breeding system (Jiguet et al., 2000). 
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4.2.4 Explanatory variables 

 

Factors influencing breeding bird densities were analyzed using two sets of explanatory 

variables, reflecting factors operating at the field and landscape scale. Variables were 

selected based on consideration of the existing literature on habitat associations of grassland 

birds in the study area (Moreira, 1999; Delgado and Moreira, 2000; Moreira et al., 2005; 

Reino et al., 2009; Morgado et al., in press) and elsewhere (e.g., Brickle et al., 2000; Brotons 

et al., 2004; Coppedge et al., 2004; McCracken and Tallowin 2004; Bota et al., 2005; 

Serrano and Astrain, 2005; Buckingham et al., 2006). Fields were characterized from six 

variables expressing the age and height of the herbaceous sward, the type and intensity of 

use by livestock, and the presence of trees and shrub patches (Table 4.1). Fallow age was 

assessed from inquiries to landowners and defined as the time in years since last cultivation, 

assigning an age of zero to fields harvested in the previous summer. Mean vegetation height 

was estimated in May of each sampling year from 60 evenly spaced measurements taken 

along a transect crossing the longest axis of each field (see Moreira, 1999). Use by livestock 

was quantified as the densities of sheep and cattle (animals/10 ha) recorded at fallow fields 

during the six bird sampling visits. Presence of trees and shrub patches were quantified as 

simple binary variables. 

Landscape context of sampling fields was characterized from 13 variables describing 

landscape composition and fragmentation in 1-km radius circles centred on each field 

(Table 4.1). This radius was adopted to encompass different land uses despite the relative 

homogeneity of the landscape, and because previous research in the study area showed that 

it was adequate to estimate bird habitat relationships at the landscape scale (Moreira et al., 

2005; Reino et al., 2009). Landscape composition was quantified considering the 

proportional cover by nine dominant land use categories, determined in a geographic 

information system (GIS) from land-use maps prepared using aerial photography and field 

surveys. The following categories were considered: (i) open farmland were continuous 

expanses of open arable land, including cereal and other dry crops, pastures, fallow and 

ploughed fields, with only scattered trees or very small shrub patches; (ii) pastoral woodlands 

were a kind of open savannas (‘‘montados”), with scattered oak trees (<10 % tree cover) and 

a grassy understory grazed by livestock; (iii) forest plantations were areas afforested due to 

agricultural abandonment; (iv) shrublands were areas covered with shrubs, usually 

dominated  by  gum cistus;  (v) permanent  crops  were  mainly  orchards,  olive  groves  and 
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Table 4.1. Description and summary statistics (mean ± standard deviation) of field and landscape 

variables used to characterize grassland fields sampled in southern Portugal during spring 2000-01 

and 2004. Changes in mean values between sampling periods were evaluated using paired t-tests. 

 

Variable (unit) Description (transformation) 2000/01  2004 P 

Field variables     

Age (years) Time since last cultivation or ploughing 

(Log10[X]) 

1.9±2.6 3.0±2.2 ns 

Sheep (animals/10ha) Average sheep density recorded across 

sampling visits (Log10[X]) 

49.2±79.9 20.0±3.31 <0.05 

Cows (animals/10ha) Average cattle density recorded across 

sampling visits (Log10[X]) 

4.8±16.7 2.5±7.8 ns 

Vegetation height (cm) Mean height of herbaceous vegetation 

(Log10[X]) 

22.0±9.4 16.5±7.4 <0.001 

Shrubs Presence of shrubs  0.4±0.5 0.5±0.5 ns 

Trees Presence of trees  0.5±0.5 0.5±0.5 ns 

Landscape variables     

Open farmland (%) Percentage of area within 1-km radius with 

fallow and ploughed fields, pastures, cereal 

and other dry crops (Asin[√p]) 

70.5±23.8 70.5±24.4 ns 

Pastoral woodland (%) Percentage area within 1-km radius with 

grazed open oak savannas (Asin[√p]) 

11.7±21.4 10.3±20.3 ns 

Eucalyptus plantations (%) Percentage of area within 1-km radius with 

eucalyptus plantations (Asin[√p]) 

0.2±1.1 0.3±2.8 ns 

Pine plantations (%) Percentage of area within 1-km radius with 

pine plantations (Asin[√p]) 

6.5±10.8 6.5±9.6 ns 

Oak Plantations (%) Percentage of area within 1-km radius with 

oak plantations (Asin[√p]) 

1.7±5.2 3.2±6.6 <0.05 

Total forest plantations (%) Percentage of area within 1-km radius with 

forest plantations (Asin[√p]) 

8.9±11.3 10.7±12.7 <0.05 

Scrubland (%) Percentage of area within 1-km radius with 

scrub (Asin[√p]) 

7.3±10.3 7.0±10.0 ns 

Permanent crops (%) Percentage of area within 1-km radius with 

orchards, olive groves, and vineyards 

(Asin[√p]) 

0.9±1.1 0.9±1.1 ns 
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Variable (unit) Description (transformation) 2000/01  2004 P 

Social areas (%) Percentage of area within 1-km radius with 

urban areas, isolated farmhouses and 

infrastructures (Asin[√p]) 

0.5±0.6 0.5±0.6 ns 

Mean patch size (ha) Mean size of open farmland patches 

(Log10[X]) 

179.5±106.0 191.3±108.1 ns 

Edge density (km/km-2) Edge density of open farmland patches 

(Log10[X]) 

5.8±2.9 5.6±3.1 ns 

AWMSI Area weighted mean shape index of open 

farmland patches 

3.3±1.6 3.1±1.6 <0.05 

Road density (km/km2) Road density within 1-km radius patch 2.3±1.0 2.4±0.9 ns 

 

vineyards; and (vi) social areas included villages, isolated farmhouses and infrastructures. 

Forest plantations were further discriminated according to the dominant tree (eucalyptus, 

pine or oak), because they were the main elements fragmenting open farmland habitats in 

the study area, and because farmland bird responses may vary according to plantation 

structure and composition (Reino et al., 2009). Landscape fragmentation was estimated from 

the mean size, edge density and the area-weighted mean shape index (AWMSI) of open 

arable patches. AWMSI is a measure of shape complexity, which is the average perimeter-

to-area ratio for a given class, weighted by the size of its patches (Rempel and Carr, 2003). 

The latter variable measures the extent to which patch shapes deviates from circularity, 

reflecting increases in edge-affected habitats with increasing patch complexity. Landscape 

metrics were computed using the Patch Analyst extension (version 3.1) of Arc View® GIS 

(Rempel and Carr, 2003). The density of road networks estimated from aerial cartography 

was used to indicate the fragmentation of open farmland habitats by human infrastructures. 

 

4.2.5 Data analysis 

 

Prior to statistical analysis, skewed explanatory variables were transformed to approach 

normality and to reduce the influence of a few large values, using the angular transformation 

for proportional data and the logarithmic transformation for continuous variables (see 

Table 4.1) (Zar, 1996). Because explanatory variables were strongly intercorrelated, Principal 

Component Analyses (PCA) of both field and landscape scale sets of variables was used to 

investigate multicollinearity and to describe dominant habitat gradients (Legendre and 
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Legendre, 1998). For each PCA, a varimax normalized rotation was applied to the set of 

principal components with eigenvalues > 1.0, to obtain simpler and more interpretable 

ecological gradients (Legendre and Legendre, 1998). 

Relations between grassland bird densities (territories/10 ha) and the field and 

landscape gradients extracted from PCA were investigated with Generalized Linear Models 

(GLM) of the Gaussian family (McCullagh and Nelder, 1989). Analyses were carried out 

separately for data collected in 2000/01 and 2004, to check for inter-annual consistency in 

bird-habitat relationships. Modelling involved a two-stage procedure (e.g., Pita et al., 2009; 

Reino et al., 2009), based on the Information Theoretic Approach (ITA) of Burnham and 

Anderson (2002). The ITA looks for simplicity and parsimony of several working hypothesis 

and is based on the strength of evidence of each candidate predictive model. The Akaike 

Information Criteria adjusted for small samples (AICc) was used as a measure of information 

loss of each candidate model, with the best fitting model having the lowest AICc and the 

highest Akaike weight (wi), which measures the posterior probability that a given model is 

true, given the data and the set of competing candidate models (Burnham and Anderson, 

2002). Model selection started by evaluating alternative response curves of grassland birds 

to each of the field and landscape gradients considered. Only linear (y = a + bx), square-

power (y = a + cx2) and quadratic (y = a + bx + cx2) functions were evaluated, to avoid 

developing overly complex models given the relatively limited dataset (Legendre and 

Legendre, 1998). For each principal component and bird density variable, the best non-null 

response curve was carried forward to subsequent analysis, using wi as the model selection 

criteria (Burnham and Anderson, 2002). Non-null responses were always selected for further 

analysis even when the largest wi corresponded to the null model (model fitted to the 

intercept only), because support to the effect of some variables may only be perceptible after 

accounting for the effects of other variables in a multivariate modelling context. In every 

case, scatterplots and regression diagnostics were used to inspect the shape of the fitted 

curves and to check for eventual problems resulting from the presence of outliers and 

influential points (Legendre and Legendre, 1998). 

A second set of analyses involved the development of multivariate models describing 

the relationships between each response variable and the ecological gradients reflected in 

the components extracted from PCA. Multivariate models were built separately for field and 

landscape principal components, to assess factors operating at different scales. In each 

case, models were built from all possible subsets of principal components, and wi were used 

as a measure of model plausibility. The probability that a variable is included in the best 
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approximating models, given the set of variables considered, was then estimated by 

summing the wi of all candidate models where the variable was included (Burnham and 

Anderson, 2002). Although testing all possible models is not the best strategy in model 

selection (Anderson, 2008), this approach is often used when there is not enough a priori 

information to built a more reduced set of plausible candidate models (e.g., Whittingham et 

al., 2005). The possibility of finding spurious relations was reduced, however, by analysing a 

small number of environmental gradients extracted from PCA, which were based on sets of 

habitat variables that were previously suggested as predictors of open grassland bird 

distribution and abundance (see section 4.2.4.). 

The most plausible field and landscape models, as judged from the corresponding wi, 

were then used in variation partitioning to isolate the contributions of factors operating at 

different scales to the explanatory power of abundance models (Bocard et al., 1992; 

Legendre and Legendre, 1998). This approach isolated three components of explained 

variation: i) pure field effects; ii) pure landscape effects; and iii) shared field and landscape 

effects. 

 

4.3 Results 

 

4.3.1 Field and landscape patterns 

 

The PCA of field variables extracted three axes with eigenvalues > 1.0, together accounting 

for 64.6% of variance in the original data (Table 4.2). The varimax rotation revealed a major 

gradient (FPC1) contrasting fields stocked with increasing numbers of either sheep or cattle, 

the later tending to be associated with taller swards. The second gradient (FPC2) largely 

reflected the age of fallows, with a tendency for higher cattle stocking densities in more 

recent fallow fields. The third gradient (FPC3) was mostly related to the presence of trees 

and small shrub patches. The PCA of landscape variables extracted four axes with 

eigenvalues > 1.0, together accounting for 78.3 % of variance in the original data (Table 4.3). 

The primary gradient (LPC1) largely reflected the fragmentation of open farmland through 

shrub encroachment, as suggested by the concurrent increase in edge density, patch 

complexity (AWMSI) and shrubland cover. The second gradient (LPC2) was also related to 

the fragmentation of open habitats, contrasting landscapes with high cover and large size of 



Farmland bird responses to land use changes: the role of habitat fragmentation   |   107 

 

Luís Reino (2009) 

Table 4.2.  Factor loadings of habitat variables on the three axes with eigenvalues > 1.0 extracted by a 

Principal Component Analysis (PCA) of field variables, after a varimax normalised rotation, and the 

proportion of variance accounted for by each axis. Values in bold indicate |factor loadings| > 0.50. 

Variable / component PC1 PC2 PC3 

Age 0.17 0.89 0.05 

Sheep -0.79 -0.23 0.08 

Cows 0.68 -0.50 0.01 

Vegetation height 0.59 0.07 -0.15 

Shrubs -0.17 0.02 0.74 

Trees -0.03 0.03 0.82 

Percentage of total variance 25.0 18.6 20.9 

 

open farmland patches, with that with high cover by pastoral woodlands. The third axis 

(LPC3) was associated with increasing human occupation, as indicated by the increasing 

cover by permanent crops and social areas, and by increasing road density. The fourth axis 

(LPC4) was associated with the afforestation of agricultural land, as indicated by the 

concurrent increase in cover by all forest plantation types. 

Field conditions showed some changes between sampling periods, with a significant 

tendency for less sheep and shorter herbaceous vegetation in 2004 relative to 2000/01 

(Table 4.1). During the same period, cover by oak plantations nearly doubled, determining a 

significant increase in total cover by forest plantations, whereas the complexity of open 

farmland patches slightly declined (Table 4.1). Despite these temporal changes detected for 

some individual variables, there were no significant differences between sampling occasions 

on the gradients defined by the field and landscape PCAs. 

 

4.3.2 Bird densities 

 

A total of 327 and 189 territories of the five study species were recorded in the breeding 

seasons of 2000/01 and 2004, respectively, reflecting an overall significant decline in the 

breeding densities of most species (Table 4.4). Corn buntings were by far the most abundant 

species in both sampling occasions (90 and 55 territories), whereas short-toed larks were 

always the least abundant (35 and 21 territories). Calandra larks were present in less than 

half  the sampled  fields, but  they  were  always  abundant  where  they  occurred (65 and 51  
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Table 4.3.  Factor loadings of landscape variables on the four axes with eigenvalues > 1.0 extracted by 

a Principal Component Analysis (PCA) of landscape variables, after a varimax normalised rotation, 

and the proportion of variance accounted for by each axis. Values in bold indicate |factor loadings| > 

0.50. 

Landscape  PC1 PC2 PC3 PC4 

Open farmland 0.03 0.88 -0.02 -0.39 

Pastoral woodland 0.49 -0.78 -0.12 -0.08 

Eucalyptus plantations 0.43 0.37 -0.19 0.52 

Pine plantations 0.01 -0.23 0.31 0.75 

Oak Plantations -0.16 -0.14 -0.19 0.55 

Total forest plantations -0.15 -0.25 0.09 0.91 

Scrubland -0.88 -0.14 -0.03 0.10 

Permanent crops -0.20 -0.09 0.86 0.06 

Social areas -0.17 0.05 0.82 -0.09 

Mean patch size 0.07 0.88 0.00 -0.31 

Edge density -0.90 0.28 0.15 0.07 

AWMSI -0.93 0.07 0.10 0.10 

Road density 0.45 0.15 0.64 0.14 

Percentage of total variance 25.0 19.7 16.0 17.6 

 

territories). There were marked declines in the abundance of Thekla lark (81 and 30 

territories) and little bustards (56 and 32 territorial males). 

 

4.3.3 Bird responses to field patterns 

 

Preliminary screening of alternative response curves provided strong support for field 

patterns influencing the abundance of grassland birds in open farmland landscapes of 

southern Portugal (Supplementary Material, Table S4.1), though the type and strength of 

such relationships varied greatly among species (Figure 4.1). Bird responses to field 

gradients tended to be linear, with only weak support for unimodal response curves reflecting 

the presence of peaks in bird abundance at intermediate values of the gradients identified 

(Figure 4.1). In a few cases, wi supported the presence of U-shaped curves, reflecting 

maximal bird abundances at both extremes of a field gradient (Figure 4.1). The curves with 

the strongest support were used in the model selection exercise, which indicated that there 

was a large set of plausible models (i.e. a 95% confidence set of models) for each response 

variable (4-8 out of 8 possible models), with relatively low to moderate plausibility for the best 
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ranking models in terms of AICc (0.19 ≤ wi ≤ 0.49) (Table 4.5). Nevertheless, some field 

gradients showed high selection probabilities, indicating consistent effects on bird densities 

(Table 4.5). 

The gradient reflecting the presence of shrubs and trees in grassland fields (FPC3) 

showed the highest selection probabilities for little bustards, calandra larks and Thekla larks 

(Table 4.5). There was a strong support for little bustard (only in 2000/01) and calandra lark 

densities to decline with the presence of trees and shrubs, and that of Thekla larks showing 

the opposite trend, though effects were generally stronger in 2000/01 than in 2004  

(Figure 4.1). There was also some support for the gradient which contrasted grazing by 

either sheep or cattle to influence bird densities (Table 4.5), with a tendency for little bustard 

and corn bunting densities to increase in fields grazed by cattle (Figure 4.1). In 2004, there 

was strong support for short-toed larks increasing along with sheep density (Figure 4.1). This 

gradient was included in the best AICc model for the calandra lark in 2000/01, but support for 

this effect was low. Support for response curves to the gradient associated with fallow age 

(FPC2) was strong for Thekla larks, short-toed larks and corn buntings in both seasons, with 

a general tendency for the first two species increasing along with fallow age, whereas the 

third species showed the opposite trend (Figure 4.1). In 2004, there was strong support for a 

U-shaped response by corn buntings to this gradient (Figure 4.1). 

 

4.3.4 Bird responses to landscape context 

 

Preliminary analysis also provided strong support for landscape context influencing the local 

breeding densities of grassland birds (Supplementary Material, Table S4.2), showing the 

presence of both linear and unimodal response curves (Figure 4.1). The curves with the 

strongest support were used in the model selection exercise, which indicated that there was 

a large set of plausible models (i.e. a 95% confidence set of models) for each response 

variable (5–13 out of 16 possible models), with low to moderate plausibility for the best 

ranking models in terms of AICc (0.20 ≤ wi ≤ 0.60) (Table 4.5). Some landscape gradients 

showed high selection probabilities, indicating consistent effects on bird abundances 

(Table 4.5). 

The gradient reflecting increasing edge density and patch complexity through shrub 

encroachment (LPC1) was always included in the best AICc models for little bustard, Thekla  



110   |   Farmland bird responses to land use changes: the role of habitat fragmentation 

 

Luís Reino (2009) 

 

Figure 4.1.  Bird response curves to local ecological gradients derived from a Principal Component 

Analysis (PCA) of field habitat variables. The best non-null response curve derived from a preliminary 

evaluation of alternative response curves is depicted for each species and principal component. In 

each case, the Akaike weights (wi) of the null and the best non-null models are given. Lines in bold 

indicate models with wi larger than the corresponding null model. 
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and calandra larks, and in one sampling period for short-toed larks (2000/01) and corn 

buntings (2004), showing moderate to very high selection probabilities (0.54-1.00) 

(Table 4.5). Calandra lark densities markedly declined in more fragmented landscapes, 

whereas Thekla and short-toed larks (in 2000/01) showed the opposite pattern (Figure 4.1). 

Little bustards and corn buntings (in 2004) showed maximum densities in farmland 

landscapes with intermediate levels of fragmentation, declining where edge density was 

either too high or too low (Figure 4.1). The second gradient reflecting habitat fragmentation 

(LPC2) showed relatively high selection probabilities (0.69-0.90) and included the best AICc 

model for calandra and Thekla larks, confirming the strong tendency for the first species to 

increase along with the amount and patch size of open farmland, and for the second species 

to show the opposite pattern (Figure 4.2). Short-toed larks tended to show a unimodal 

response to this landscape gradient (Figure 4.2), though this was only moderately supported 

in 2000/01 (Table 4.5). The gradient associated with increasing occupation by roads and 

houses (LPC3) showed relatively low selection probabilities. Only in 2004 there was strong 

support for little bustard densities declining in more humanized landscapes, and for short-

toed larks showing an opposite trend (Table 4.5, Figure 4.2). The relationships between 

grassland birds and the gradient reflecting farmland afforestation were always weak, though 

there was moderate support for calandra larks declining with increasing cover by forest 

plantations in 2000/01, when corn buntings showed the reverse trend (Table 4.5, Figure 4.2). 

 

4.3.5 Relative importance of field and landscape pa tterns 

 

Partitioning of explained variation between field and landscape sets of variables showed 

marked differences among species and between sampling years (Table 4.6). Field effects 

were particularly important for little bustards in 2000/01, whereas landscape effects were 

most important in 2004. The inverse was observed for the short-toed lark, for which 

explained variation in density was mostly accounted for by landscape effects in 2000/01, and 

by field effects in 2004. The importance of landscape variables was always superior to that of 

field variables for the Thekla lark, whereas field variables were always most important for the 

calandra lark and the corn bunting. For both Thekla and calandra larks, however, a relatively 

large proportion of explained variation was shared between field and landscape sets of 

variables, underlining a strong correlation between influential factors operating at the two 

scales. 
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Figure 4.2. Bird response curves to landscape gradients derived from a Principal Component Analysis 

(PCA) of landscape composition and structure variables. The best non-null response curve derived 

from a preliminary evaluation of alternative response curves is depicted for each species and principal 

component. In each case, the Akaike weights (wi) of the null and the best non-null models are given. 

Lines in bold indicate models with wi larger than the corresponding null model. 
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Table 4.4.  Percentage of occurrence and mean ± standard deviation of breeding densities 

(territories/10 ha) of open farmland birds in fallow fields of southern Portugal, estimated on two 

sampling occasions (2000-2001 and 2004). Comparisons of mean densities between sampling 

occasions were based on paired t-tests. 

% Occurrence Density (mean±SD) 
Species 

2000-01 2004 2000-01 2004 Sig. 

Tetrax tetrax 59.0% 51.3% 1.47±1.80 0.86±1.01 <0.05 

Galerida theklae 77.0% 56.4% 2.16±1.93 0.91±0.97 <0.001 

Calandrella brachydactyla 59.0% 41.0% 0.98±1.02 0.60±0.84 <0.01 

Melanocorhypha calandra 46.2% 48.7% 1.76±2.51 1.32±1.71 ns 

Emberiza calandra 82.1% 69.2% 2.49±1.92 1.54±1.42 <0.01 

 

 

4.4 Discussion 

 

This study showed that both habitat fragmentation and grazing regimes were major drivers of 

breeding bird densities in Mediterranean cereal-steppe landscapes. Responses to these 

factors were species-specific, however, with the highest densities of each grassland bird 

species associating with a particular landscape configuration, herbivore species (sheep 

versus cattle) and fallow field age. Corn buntings and Thekla larks were most abundant in 

landscapes with small grassland patches and high edge density, whereas calandra larks 

were only abundant in large expanses of continuous open farmland habitat. Little bustards 

and short-toed larks showed maximum abundance in landscapes with intermediate habitat 

fragmentation. The densities of little bustard and corn bunting tended to be highest in fields 

grazed by cattle, whereas short-toed larks were mostly associated with sheep pastures. 

Short-toed and Thekla showed maximum abundances in old fallow fields where cattle was 

largely absent, whereas corn buntings showed the inverse pattern. 
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Table 4.5.  Summary results of information-theoretic model selection for the relationships between grassland species and both field and landscape 

sets of variables. For each response variable, the table provides the model selection probabilities of individual field (field#) and landscape (lands#) 

response curves, and the Akaike weights (wi) and percentage of explained variation (R2) for each of the most plausible field and landscape models. 

Akaike weights for variables included in the best models are underlined. 

 

 Field Landscape 
Species 

 R2 %95 wi field1 field2 field3 R2 %95 wi lands1 lands2 lands3 lands4 

2000 28.8 4 0.49 0.68 0.26 0.97 18.8 11 0.24 0.87 0.37 0.42 0.22 
  Tetrax tetrax 

2004 6.4 8 0.19 0.56 0.39 0.40 30.5 5 0.49 0.97 0.25 0.97 0.3 

2000 26.5 4 0.40 0.27 0.58 0.97 33.2 7 0.38 0.99 0.69 0.26 0.25 
  Galerida theklae 

2004 16.4 8 0.27 0.35 0.57 0.66 50.5 5 0.60 1.00 0.89 0.24 0.11 

2000 49.3 4 0.38 0.49 0.26 1.00 29.1 11 0.25 0.84 0.85 0.32 0.47 
  Melanocorypha calandra 

2004 28.8 4 0.46 0.24 0.39 1.00 22.7 11 0.22 0.74 0.90 0.37 0.42 

2000 16.3 6 0.40 0.27 0.88 0.39 17.6 12 0.22 0.71 0.57 0.22 0.27 
  Calandrella brachydactyla 

2004 26.4 7 0.34 0.81 0.68 0.60 11.3 13 0.20 0.30 0.33 0.75 0.37 

2000 16.9 7 0.27 0.55 0.57 0.23 7.2 13 0.20 0.27 0.25 0.34 0.53 
  Emberiza calandra 

2004 30.1 6 0.34 0.69 0.79 0.34 7.7 13 0.23 0.54 0.27 0.29 0.24 
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Table 4.6.  Partitioning between pure and shared effects of field and landscape sets of variables, of 

explained variation in linear regression models of breeding grassland bird densities in southern 

Portugal. 

Pure components  Shared component 
Species  Year 

Field Landscape  Field/Landscape  

Unexplained  

variation  

2000/01 24.5 7.9 10.9 56.7 
Tetrax tetrax 

2004 5.1 22.2 8.3 64.4 

2000/01 9.1 17.5 15.7 57.7 
Galerida cristata/tekhlae 

2004 0.5 38.1 12.4 49 

2000/01 21.3 7.5 21.6 49.6 
Melanocorypha calandra 

2004 13.3 8.1 14.6 63.7 

2000/01 2.3 13.2 4.4 80.1 
Calandrella brachydactyla 

2004 11.2 3.6 7.9 77.3 

2000/01 8.4 0.8 6.4 84.4 
Emberiza calandra  

2004 18.5 2.7 5 73.8 

 

4.4.1 Field and landscape effects 

The strong responses observed to the amount and spatial configuration of open farmland 

habitats confirms previous studies underlining the importance of habitat fragmentation for 

grassland birds in both Mediterranean farmland (Moreira et al., 2005; Reino et al., 2009; 

Morgado et al., in press) and elsewhere (Veech, 2006; Batáry et al., 2007a). The patterns 

observed for individual species closely agree with responses to woody edges reported for the 

same species in southern Portugal (Reino et al., 2009), supporting the view that edge effects 

may be one of the main factors mediating grassland bird responses to habitat fragmentation 

(Coppedge et al., 2004; Fletcher, 2005). Species such as the corn bunting and the Thekla 

lark that reach the highest densities close to edges (Reino et al., 2009), were apparently 

benefited by increasing habitat fragmentation, whereas edge avoiders such as the calandra 

lark (Reino et al., 2009), only reached high densities in continuous expanses of open 

farmland habitat. The patterns observed for the short-toed lark were more complex, because 

they are edge avoiders (Reino et al., 2009) but seemed to reach the highest densities in 

landscapes with medium-sized grassland fields and high edge density. Reino et al. (2009) 

suggested that interspecific competition may be involved in shaping these apparently 

contradictory patterns, with much larger calandra larks occupying large habitat patches 

(Morgado et al., in press; this study) and relegating short-toed larks to more fragmented 
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landscapes. This hypothesis still needs testing, but it is in line with previous research 

showing habitat segregation between the two species within the study area (Moreira, 1999; 

Delgado and Moreira, 2000), and pointing out the importance of competition for the 

distribution and habitat selection of Calandrella larks (Suárez et al., 2002; Serrano and 

Astrain, 2005). Little bustards were also associated with landscapes with intermediate 

fragmentation levels, as suggested by the unimodal response to the edge density gradient. 

Reasons for this pattern are unknown at present, but previous studies reported a preference 

of little bustard territorial males for open-landscapes with high habitat diversity (Salomalard 

and Moreau, 1999; Morales et al., 2006). In Mediterranean grasslands, edge and linear 

elements associated with field limits are known to favour the abundance of large arthropods 

(Rodríguez and Bustamante, 2008), that are important food resources determining the 

distribution of little bustard male territories (Traba et al., 2008). Indeed, although adult little 

bustards are mainly herbivorous, a significant proportion of their diet during the breeding 

season is made up of arthropods, especially beetles and orthopterans, whose relative 

importance increases as the season proceeds (Jiguet, 2002). 

The association of bird species with either sheep or cattle may reflect the widely 

different characteristics of herbaceous vegetation in pastures stocked with each of these 

herbivores (Vickery et al., 2001; McCracken and Tallowin, 2004), as sward structure is 

generally the simplest and most consistent determinant of field usage by grassland birds 

(Buckingham and Peach, 2005). Intensive grazing by sheep reduces sward structural 

complexity and promotes short and uniform pastures, whereas moderate grazing, especially 

by cattle, increases structural heterogeneity and leads to patchy swards with areas of long 

and short cover (Devereaux et al., 2004). This pattern probably occurred within the study 

area, as suggested by the lower vegetation height in sheep than in cattle pastures. Sheep 

pastures thus favoured species normally associated with homogeneous short swards such 

as the short-toed lark (Suárez et al., 2002; Serrano and Astrain, 2005) and, to a lesser 

extent, the calandra lark (Moreira, 1999; Morgado et al., in press). Conversely, corn buntings 

were associated with cattle pastures, probably because they prefer taller and more 

heterogeneous sward heights to feed on seeds and foliar invertebrates during the chick 

rearing period (Brickle et al., 2000). The positive association of male little bustards with cattle 

pastures may also be related to the availability of important food resources such as large 

beetles and other invertebrates, as this is a critical factor affecting the distribution of 

territories of this species (Traba et al., 2008), and cattle is known to favour invertebrate 

abundance by their grazing and dunging patterns (Buckingham et al., 2006). 
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4.4.2 Scale dependencies 

 

Results from this study are in line with previous research showing the joint influence of field 

and landscape management on local breeding densities of grassland birds (Moreira et al., 

2005; Batáry et al., 2007a), thus underlining the value of investigating factors operating over 

a range of spatial scales to understand bird-agriculture relationships (Heikkinen et al., 2004). 

Like in other studies, however, variation partitioning showed that influential factors were often 

correlated across scales, making it difficult to isolate the unique contributions of factors 

operating at any given scale (e.g., Heikkinen et al., 2004; Moreira et al., 2005; Morgado et 

al., in press). Strong correlations between scales were particularly evident in the case of 

calandra larks, probably because they showed strong negative responses to both landscape 

fragmentation and local presence of shrubs or trees, while fields with shrubs and trees were 

most common in the most fragmented landscapes. Nevertheless, there was still a strong 

unique contribution of field variables to explain variation in calandra lark densities, thus 

suggesting a negative effect of local shrubs and trees irrespective of landscape 

fragmentation. The same reasoning may apply to the Thekla lark, which was positively 

influenced by both landscape fragmentation and local presence of shrubs and trees. In this 

case, however, the strongest unique contribution to explained variation was that of landscape 

variables, thus suggesting a positive effect of habitat fragmentation irrespective of the local 

presence of shrubs and trees. 

Variation partitioning also showed some marked differences between years in the 

relative importance of factors operating at the landscape and field scales, particularly for little 

bustards and short-toed larks. This result is in line with previous research showing pervasive 

interannual variation in bird-landscape relations, though reasons for this are often unclear 

(Riffell and Gutzwiller, 2009). One possibility is that species may be responsive to landscape 

context in one year, but not as much in the other, due to fluctuations in the extent to which 

their life-history needs are met at the local scale (Riffell et al., 2003). The most notorious 

change in our study area was the reduction in sheep density, which more than halved 

between the two sampling occasions and may have caused variation in the strength of bird 

responses at the field scale. In fact, little bustards showed the strongest negative responses 

to sheep grazing when sheep densities were highest in 2000/01, whereas the strongest 

positive responses of short-toed larks to sheep grazing were found in 2004 when sheep 

densities were lowest. Accordingly, little bustards and short-toed larks showed weak 

landscape responses in 2000/01 and 2004, respectively, probably underlining a tendency for 
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landscape effects to be strongest when local conditions were globally most favourable. This 

hypothesis requires further testing, as variation in bird-habitat relations may be influenced by 

other factors such as for instance model uncertainty and density dependent habitat selection 

(Riffell and Gutzwiller, 2009). Whatever the underlying cause, our results challenge the 

assumption taken by previous studies based on a single sampling year that the relative 

importance of landscape and field factors on the breeding densities of farmland birds should 

be consistent over time (Heikkinen et al., 2004). 

 

4.4.3 Conservation implications 

 

This study showed that ongoing processes of agricultural abandonment, afforestation and 

changing grazing regimes (Van Doorn and Bakker, 2007), which may be exacerbated by the 

latest CAP reform (Oñate et al., 2007), will likely have profound consequences on grassland 

bird assemblages. From the species analysed, positive effects may be expected on the 

Thekla lark, due to their strong association with patchworks of woody and grassy habitats, 

and on the corn bunting, because it was also associated with more fragmented landscapes 

and appeared to prefer cattle over sheep pastures. Considering that these are species of 

European conservation concern (SPEC; Table 4.4), with Thekla larks also listed in Annex I of 

Directive 79/409/EEC, it might be argued that ongoing agricultural change in Iberian cereal-

steppes will bring conservation benefits. In contrast, however, these changes could be 

regarded as largely detrimental when considering the little bustard, the short-toed lark and 

the calandra lark, which are SPEC and Annex I species that were associated with much less 

fragmented landscapes. Calandra larks are expected to decline steadily even with small 

levels of habitat fragmentation (Reino et al., 2009; Morgado et al., in press; this study), 

whereas little bustards and short-toed larks may tolerate or even favour the initial 

fragmentation stages, but then declining once a given threshold is reached (Reino et al., 

2009; this study). Likewise, calandra and short-toed larks will probably be negatively affected 

by the replacement of sheep by cattle, whereas little bustards may be favoured by this 

process. 

Taken together, these results confirm the view that the same agricultural policies may 

be favourable for some species of conservation concern but detrimental to others, and so, 

they cannot be assumed to bring uniform conservation benefits (Suárez-Seoane et al., 2002; 

Báldi et al., 2005). Efforts are thus needed for preventing undesired consequences of 
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agricultural policies designed at the European scale, eventually through the implementation 

of agri-environment schemes tailored to meet particular conservation needs. This has 

already been recognised in the case of Iberian-cereal steppes, for which agri-environment 

schemes have been targeted at the protection of their valuable grassland bird communities 

against the dual threats of land abandonment and intensification (e.g., Bota et al., 2005; 

Oñate et al., 2007). Most of these schemes, however, assume often implicitly that all 

grassland birds have rather similar or at least compatible habitat requirements, disregarding 

that the same management guidelines may elicit contrasting responses by different species. 

This is illustrated in this study, for instance, by the marked incompatible habitat requirements 

of Thekla and calandra larks, both of which are species traditionally listed as typical steppe 

birds (e.g., Suárez et al., 1997). Solving this problem requires a clear definition of 

conservation objectives for grassland bird species (e.g., Batáry et al., 2007b), based for 

instance on international (e.g., European Directive 79/409/EEC) or national (e.g., Red Lists) 

criteria, which may need to be adjusted at the local scale to account for spatial variation in 

socio-economic and ecological conditions. Although defining such objectives is beyond the 

scope of this paper, we suggest that in the study area and elsewhere in southern Portugal, 

the best targets from the five species studied would probably be the little bustard and the 

calandra lark, due to their relatively large population sizes in this region (Moreira et al., 2007) 

and their unfavourable conservation status at both international and national levels (Cabral et 

al., 2005). Considering the habitat needs of these two species identified in this study, we 

suggest that besides providing incentives to maintain the rotational farming system of dry 

cereal crops and grazed fallows, agri-environment schemes should strive to maintain at the 

landscape scale a combination of large and open patches (> 100 ha) preferentially grazed by 

sheep, together with smaller patches (50-100 ha) grazed by cattle. This combination of 

landscape configurations and grazing regimes may provide overall habitat conditions for the 

two target species and other species of conservation concern, though more targeted 

management prescriptions may be required of some species with more stringent habitat 

needs (e.g., Catry et al., 2009). 
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Supplementary Material 

 

Table S4.1.  Akaike weights (wi) for models describing alternative bird response curves to field gradients in southern Portugal. 

Comparisons included the null model and three alternative models – linear (X), quadratic (X2) and polynomial (X+X2) – for each of three 

axes (PCn) extracted by a Principal Components Analysis (PCA) of field variables (Table 4.2). 

 

FPC1 FPC2 FPC3 
Species Year 

Null X X2 X+ X2 Null X X2 X+ X2 Null X X2 X+ X2 

2000 
0.28 0.45 0.10 0.16 0.53 0.22 0.17 0.07 0.03 0.73 0.01 0.24 Tetrax tetrax 

2004 
0.35 0.40 0.12 0.12 0.48 0.27 0.17 0.08 0.42 0.28 0.16 0.13 

2000 
0.54 0.18 0.21 0.07 0.34 0.40 0.12 0.14 0.03 0.71 0.01 0.25 Galerida theklae 

2004 
0.38 0.16 0.27 0.18 0.30 0.44 0.10 0.15 0.28 0.47 0.09 0.15 

2000 
0.41 0.17 0.32 0.10 0.07 0.66 0.02 0.24 0.46 0.30 0.15 0.09 Calandrella brachydactyla 

2004 
0.19 0.48 0.15 0.19 0.24 0.31 0.27 0.18 0.29 0.42 0.14 0.15 

2000 
0.51 0.24 0.18 0.07 0.48 0.17 0.26 0.09 0.00 0.19 0.00 0.81 Melanocorypha calandra 

2004 
0.57 0.19 0.19 0.06 0.52 0.19 0.22 0.07 0.00 0.72 0.00 0.28 

2000 
0.13 0.41 0.25 0.21 0.12 0.26 0.22 0.40 0.55 0.19 0.19 0.06 Emberiza calandra 

2004 
0.06 0.30 0.03 0.61 0.05 0.01 0.61 0.32 0.49 0.23 0.18 0.09 
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Table S4.2.  Akaike weights (wi) for models describing alternative bird response curves to landscape gradients in southern Portugal. 

Comparisons included the null model and three alternative models – linear (X), quadratic (X2) and polynomial (X+X2) – for each of four 

axes (PCn) extracted by a Principal Components Analysis (PCA) of landscape variables (Table 4.3). 

 

LPC1 LPC2 LPC3 LPC4 
Species  Year 

Null  X X2 X+ X2 Null  X X2 X+ X2 Null X X2 X+ X2 Null  X X2 X+ X2 

2000 0.08 0.24 0.23 0.45 0.46 0.28 0.17 0.09 0.54 0.20 0.19 0.07 0.56 0.18 0.19 0.06 
Tetrax tetrax 

2004 0.23 0.09 0.51 0.17 0.54 0.18 0.21 0.08 0.23 0.48 0.12 0.16 0.53 0.21 0.19 0.06 

2000 0.01 0.73 0.00 0.26 0.27 0.43 0.11 0.19 0.56 0.20 0.18 0.06 0.53 0.17 0.23 0.07 
Galerida theklae 

2004 0.00 0.03 0.02 0.95 0.20 0.52 0.09 0.19 0.50 0.17 0.25 0.08 0.40 0.21 0.14 0.25 

2000 0.05 0.71 0.02 0.22 0.10 0.05 0.08 0.77 0.55 0.18 0.20 0.07 0.33 0.13 0.29 0.24 
Calandrella brachydactyla 

2004 0.40 0.26 0.20 0.15 0.36 0.12 0.29 0.22 0.16 0.51 0.06 0.27 0.40 0.23 0.14 0.23 

2000 0.15 0.44 0.13 0.28 0.12 0.59 0.08 0.21 0.51 0.25 0.17 0.08 0.54 0.18 0.21 0.07 
Melanocorypha calandra 

2004 0.28 0.45 0.12 0.15 0.10 0.62 0.06 0.22 0.44 0.29 0.17 0.09 0.57 0.19 0.19 0.06 

2000 0.51 0.17 0.24 0.08 0.50 0.19 0.19 0.12 0.47 0.15 0.29 0.09 0.32 0.43 0.12 0.14 
Emberiza calandra 

2004 0.30 0.11 0.45 0.14 0.51 0.19 0.22 0.07 0.47 0.20 0.25 0.08 0.54 0.20 0.18 0.09 
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ABSTRACT 

 

Afforestation of former agricultural land is increasingly used to deliver environmental benefits, 

including carbon sequestration, but their effects on biodiversity remain poorly understood. 

This paper tests the hypothesis that afforestation changes predation processes in 

surrounding open habitats, by examining the effects of forest plantations on predator 

assemblages and nest predation rates in Iberian cereal-steppe landscapes. The abundance 

of lagomorphs, avian predators and mammalian carnivores were measured in fallow fields 

around 50 forest plantations. Predation rates were estimated at the same fields using 

artificial nests, with four nests per field set at 0, 100, 200 and 300 m from the forest edge, 

and at 10 additional representative fields of core open habitats. Forest plantations showed 

measurable effects on predator assemblages and nest predation rates in surrounding 

farmland, though no clear link could be established between nest predation rates and 

predator abundances. Predator responses were stronger to mature (eucalyptus) than to 

young (oak and pine) plantations, with corvids and mammalian carnivores reaching the 

highest abundances in fields adjacent to mature eucalyptus plantations. However, no edge 

effect on predation rates was found, and predation rates were higher near oak than 

eucalyptus plantations, despite the highest predator abundances in the later habitat. Also, 

although there was a tendency for nest predation rates increasing in landscapes with 

intermediate density of edges, this did not correspond to variation in predator abundances. 

These discrepancies suggest that the effects of forest plantations on predation risk requires 

further exploration, because unmeasured factors such as changes in predator foraging 

behaviour may influence variation in nest predation rates. 

 

Keywords:  Arable habitats, carbon sequestration, conservation, edge effects, habitat 

fragmentation, multi-model inference, predation risk, steppe birds. 
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5.1 Introduction 

 

Afforestation of former arable land is often used to deliver environmental benefits such as 

biodiversity conservation (Santos et al., 2006), reductions in soil erosion and surface runoff 

(García-Ruiz et al., 1996), and improvements in water quality (Hansen et al., 2007). Climate 

change has further increased the interest for large scale afforestation programs, as a tool to 

reduce atmospheric concentrations of carbon dioxide (e.g., Potter et al., 2007). Despite its 

popularity, however, fears have been expressed that afforestation could have negative 

consequences on biodiversity in at least some circumstances (Caparrós et al., 2003; García-

Quijano et al., 2007), due for instance to the replacement of grassland and shrubland 

habitats of high conservation relevance by forest plantations inhabited primarily by 

widespread and generalist species (Moss et al., 1979; Díaz et al., 1998; Shochat et al., 

2001). Together with local habitat losses, afforestation may bring major changes in the 

amount and configuration of open habitats at the landscape scale, which may extend its 

eventual negative impacts well beyond forest boundaries through fragmentation and edge 

effects (Ries et al., 2004; Ewers and Didham, 2006). Information to support this view is 

generally lacking (but see Bieringer and Zulka, 2004; Reino et al., 2009) though, this would 

be required to evaluate environmental costs and benefits of afforestation policies, and to 

design afforestation programmes with minimal impacts on biodiversity. 

One important mechanism whereby afforestation may influence animal populations in 

agricultural landscapes is by inducing changes in actual or perceived predation risk, 

particularly in the case of birds (e.g., Evans, 2004). For instance, it is possible that forest 

plantations offer refuges for predators that otherwise would be absent or at least less 

abundant in open country, thereby increasing predation rates in surrounding open habitats 

(e.g., Andrén, 1992; Pita et al., 2009). Increased predation rates may also be expected from 

habitat fragmentation and the proliferation of edges associated with forest plantations, 

because predator abundance and activity is often higher in fragmented landscapes and close 

to habitat edges (Chalfoun et al., 2002). These potential increases in direct losses to 

predators might in turn influence the dynamics of avian populations, eventually leading to 

population declines of vulnerable species (Tapper et al., 1996). Non-lethal effects may also 

be relevant, as increases in perceived predation risk may induce individuals of many species 

to avoid breeding or foraging near wooded edges and in small patches (Ribic et al., 2009 and 

references therein), thereby causing reductions in the amount of usable habitat that are 

much larger than the area effectively occupied by forest plantations (Reino et al., 2009). 
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These hypotheses are compatible with the observation that some species of conservation 

concern seem to avoid forest plantation edges (Stroud et al., 1990; Reino et al., 2009), 

though there are also declining species that appear to have neutral or even positive 

responses to such edges (Avery, 1989; Reino et al., 2009). Also, while many studies have 

documented increased predation rates at habitat edges (review in Batáry and Báldi, 2004), 

this effect was not apparent in studies focusing specifically on forest plantation edges (Avery 

et al., 1989). Research on these subjects is thus needed in order to develop improved 

predictions on the likely consequences of afforestation programs, particularly where forest 

plantations are established near areas occupied by species of conservation concern that 

may be vulnerable to changes in predation patterns. 

This may be the case of Iberian cereal-steppes, which are among the European 

farmland landscapes with the highest value for biodiversity conservation (EEA, 2004), mainly 

due to their importance for a number of grassland bird species of conservation concern (Bota 

et al., 2005). Cereal-steppes are extensively farmed, mixed rotational systems of winter 

cereals, fodder crops and grazed fallow land and pastures, covering over 4.5 million hectares 

in dry areas with low forest cover (Suárez et al., 1997). Like in other low-productivity farming 

systems, afforestation of Iberian cereal-steppes has increased over the past decades, 

following a long-term trend of rural depopulation and agricultural abandonment of poorly 

productive soils (Van Doorn and Bakker, 2007). These forests plantations have negative 

impacts by excluding species of conservation concern from the habitats they replace, 

particularly birds strictly associated with open pastures and dry cereal cropland (Díaz et al., 

1998; Bota et al., 2005). The negative effects of forest plantations seem also to extend into 

adjacent open habitats, because at least some of these bird species strongly avoid forest 

edges (Reino et al., 2009) and occur at much reduced densities in landscapes fragmented by 

wooded habitats (Brotons et al., 2005; Moreira et al., 2005; Morgado et al., in press). 

Previous studies suggested that predation risk might play a role in shaping these negative 

edge and fragmentation effects, particularly during the breeding season (Reino et al., 2009; 

Morgado et al., in press), based on the observation that changes in land uses may affect 

both predator assemblages (Pita et al., 2009) and nest predation rates (Pescador and Peris, 

2001). Predation was also considered potentially important because ground-nesting birds 

suffer high nest predation rates (Yanes and Suárez, 1995), nest predation is associated with 

steady declines in body condition of breeding birds (Suárez et al., 2005a,b), and population 

declines may occur due to increased densities of generalist predators such as foxes (Vulpes 

vulpes) and feral dogs (Canis familiaris) (Suárez et al., 1993; Yanes and Suárez, 1996). 
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Despite these observations, no direct information is available at present linking forest 

plantations with increased predator abundances and nest predation rates on ground-nesting 

farmland birds. 

The present study addresses these issues by investigating how forest plantations 

affect predator assemblages and nest predation rates in cereal-steppe landscapes with 

different amounts and configuration of open habitat patches. Specifically, the study tested the 

following predictions: (i) predator abundances increase along with both cover by forest 

plantations and fragmentation of open habitats; (ii) nest predation rates are higher near forest 

plantation edges than in interior open habitats; (iii) nest predation rates increase along with 

both cover by forest plantations and fragmentation of open habitats; (iv) nest predation rates 

increase along with the abundance of nest predators associated with forest plantations and 

fragmented landscapes. Results of the study were then used to discuss the links between 

afforestation, changes in predation patterns, and the conservation of open farmland birds. 

 

5.2 Methods 

 

5.2.1 Study area 

 

The study was conducted in southern Portugal, in a farmland landscape mostly included in 

the Special Protection Area (SPA) of Castro Verde (Figure 5.1), designated under European 

Directive 79/409/EEC to protect steppe birds. The climate is Mediterranean, with hot 

summers (averaging 24ºC [16-32ºC] in July), mild winters (9ºC [5-14ºC] in January), and 

>75% of annual rainfall (500-600 mm) concentrated in October-March. The landscape is flat 

or gently undulating (100-300 m a.s.l.) and dominated by an agricultural mosaic of cereal, 

fallow and ploughed fields, created by rotational dry cereal cultivation. Until recently, tree 

cover was largely restricted to some eucalyptus (Eucalyptus sp.) plantations (usually 40-60 

years old) and open holm oak (Quercus rotundifolia) woodlands grazed by livestock. 

Afforestation with umbrella pines (Pinus pinea) and holm and cork oaks (Quercus suber) has 

increased since the early 1990s due to European Union subsidies, mainly in the periphery of 

the SPA. Details of the study area are reported elsewhere (Moreira, 1999; Moreira et al., 

2005; Reino et al., 2009). 
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Figure 5.1.  Location of fallow fields sampled in spring 2005 for predator abundances and nest 

predation rates in the region of Castro Verde (southern Portugal). Triangles indicate fields adjacent to 

forest plantations (n=50) and open circles indicate fields at > 300 m from any forest plantation (n=10). 

 

5.2.2 Study design 

 

Predator surveys and predation experiments were carried out on fallow fields adjacent to 

forest patches, as part of a larger research program investigating the consequences of 

afforestation to open farmland bird assemblages (Reino et al., 2009). At each fallow field, 

sampling was mostly conducted along a 300-m transect established perpendicularly to the 

edge of the forest patch. The study focused on fallow fields, because these are particularly 

important for several bird species of conservation concern (Delgado and Moreira, 2000), and 

to reduce variation among sites unrelated to forest and landscape features (Reino et al., 

2009). Sampling involved 50 forest patches of the three most common forest plantations in 

the region (eucalyptus, pine and oak stands), selected following methods detailed by Reino 
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et al. (2009). The procedure started by the identification of all forest plantations from land 

cover maps (http://www.igeo.pt/IGEO/portugues/produtos/inf_cartografica.htm) and 

systematic field surveys. Degraded and abandoned forest patches were discarded from 

selection, but young stands (<1 year old) were retained because effects may vary with 

plantation age. Each plantation was then selected if it was adjacent to a fallow field at least 

600 m long and 300 m wide, to allow sampling at least 300 m from any forest edge. All sites 

meeting the selection conditions were used, but only one field was sampled per forest patch 

to avoid pseudo-replication. Nest predation studies also included an additional sample of 10 

fields selected randomly at > 300 m from any forest edge. 

 

5.2.3 Landscape variables 

 

The effects of forest plantations on the abundance of potential nest predators and on nest 

predation rates, were examined using 16 variables reflecting forest characteristics and 

landscape context (Table 5.1). Tree species and plantation age and area characterized 

forest plantations. The contrast beetween the plantation and the adjacent farmland area 

(edge contrast sensu Ries et al., 2004) was estimated from the height and density of trees at 

the boundary of forest plantations, assuming that taller and denser plantations reflect a 

higher contrasts. These variables were computed from digital photographs taken at known 

distances (usually 70-90 m), perpendicularly to the forest edge. Presence of trees in the 

agricultural matrix was taken as an indicator of softer forest-farmland transitions. Landscape 

context was estimated in 1-km radius circles from each sampling point located at the forest 

edge. This radius was set large enough to encompass different land uses despite the relative 

homogeneity of the landscape, while remaining within the range of scales to which farmland 

birds are responsive (e.g., Moreira et al., 2005). The proportion of land occupied by open oak 

woodlands and by pine, oak and eucalyptus plantations was quantified in a Geographic 

Information System (GIS), from maps prepared using aerial photography and field surveys. 

Landscape fragmentation was estimated from the mean size, edge density and the area 

weighed mean shape index (AWMSI) of open arable patches. AWMSI is a measure of shape 

complexity, which is the average perimeter-to-area ratio for a given class, weighted by the 

size of its patches (Rempel and Carr, 2003). The latter variable measures the extent to which 

patch shapes deviates from circularity, so that increases in edge-affected habitats 

correspond to increasing patch complexity. Landscape metrics were computed using the 

Patch Analyst extension (version 3.1) of Arc View® GIS (Rempel and Carr, 2003). 
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Table 5.1. Description and summary statistics of variables used to examine the influence of habitat 

conditions on both predator abundance and nest predation rates in southern Portugal (April-July 

2005). 

Variable (unit) Description  Transformation Mean±SD R ange 

Forest plantation attributes    

Eucalyptus plantations Binary variable coding plantations 

dominated by eucalyptus 

- 0.2±0.4 0-1 

Pine plantations Binary variable coding plantations 

dominated by umbrella pines  

- 0.3±0.5 0-1 

Oak plantations Binary variable coding plantations 

dominated by cork or or holm oaks 

- 0.5±0.5 0-1 

Plantation age (years) Age of the forest stand  - 14.4±13.6 1-60 

Plantation area (ha) Area of the forest plantation  Logarithmic 45.6±34.1 0.7-123.3 

Edge contrast      

Tree density (trees/m) Density of trees at plantation edges - 0.3±0.2 0-0.8 

Tree height (m) Mean tree height at plantation edges Logarithmic 3.7±4.5 0-17.3 

Farmland trees Binary variable coding the presence 

of isolate trees in adjacent (< 300 m) 

farmland 

- 0.3±0.5 0-1 

Landscape context 
    

Eucalyptus plantations 

cover (%) 

Proportion of area within 1-km 

radius with eucalyptus plantations 

Angular 3.0±5.5 0-23.6 

Pine plantations cover (%) Proportion of area within 1-km 

radius with pine plantations  

Angular 7.0±10.2 0-39.4 

Oak plantations cover (%) Proportion of area within 1-km 

radius with oak plantations 

Angular 12.6±12.4 0-36.1 

Total forest plantations 

cover (%) 

Proportion of area within 1-km 

radius with forest plantations  

Angular 22.5±11.8 0.4-51.9 

Total agro-forestry cover 

(%) 

Proportion of area within 1-km 

radius with open oak woodlands 

Angular 7.7±11.1 0-45.7 

Mean Patch Size (ha) Mean size of forest patches Logarithmic 134.3±88.1 7.7-304.1 

Edge density (km/km2) Density of forest edges - 4.0±1.1 1.1-7.8 

AWMSI Area Weighed Mean Shape Index - 2.2±0.6 1.3-4.1 

 

5.2.4 Predator surveys 

 

Potential avian nest predators, such as cattle egrets, white storks, birds of prey (except 

vultures, large Aquila eagles and short-toed eagles Circaetus gallicus) and corvids, were 
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surveyed four times in April-May 2005 (April and May), simultaneously with overall bird 

counts (Reino et al., 2009) and with nest predation experiments. During the two bird counts 

(6-15 April and 3-24 May), predators were registered along 300-m transects perpendicular to 

the edge of each of 50 forest patches. In each transect, avian predators were counted at 0, 

100, 200 and 300 m from the forest edge, using 10-minute duration point counts (Bibby et al., 

2000). At each point, all individual birds and flocks of each species were identified and 

recorded on maps. Counts were carried out within 4 hours after sunrise and within 2 hours 

before sunset, with none in heavy or persistent rain, or in strong wind conditions. Avian 

predators were also counted along the same 300-m transect during visits to set the nest 

predation experiment (2-6 May) and to check nest predation events (16-20 May). 

The mean count of each species across the four visits was then used to derive 

indices of avian predator activity at each field. Combining data collected using two sampling 

methods was necessary to increase the detection probability of a diverse array of avian 

predators. This approach was assumed to provide a reasonable estimate of variation in 

predator relative abundances across sampling fields, though it could not be used to provide 

absolute estimates of predator density and it is prone to potential shortcomings due for 

instance to changes in bird detectability in relation to species identity, individual behaviour, 

time of day, weather and habitat. To reduce these problems, sampling conditions were kept 

as similar as possible across sites, making it unlikely that systematic differences in species 

relative abundances between areas could be attributed to sampling bias (Beja et al., 2009). 

Each set of visits to all fields was conducted during a short period and counts were always 

made by the same two experienced ornithologists (LR and RM), thereby avoiding biases due 

to differences in observer efficiency and weather conditions (e.g., Beja et al., 2009). Also, it 

was unlikely that habitat conditions caused much variation in bird detectability across 

sampling sites, because they were all located in open farmland areas with good visibility. 

Lagomorphs and mammalian carnivores were surveyed on a single occasion 

between 20 June and 9 July, within 0.3 km-radius circles centred on the bird point count 

located at the forest plantation edge. This 1-month delay between the survey and the bird 

breeding season was due to logistical constraints, but it is unlikely that variation in 

mammalian predator abundances among sites changed significantly between May and June. 

Although the spatial extent surveyed (0.28 km2) was smaller than that often used in carnivore 

surveys (Barea-Azcón et al., 2006; Beja et al., 2009; Pita et al., 2009), this was considered 

adequate to characterise predator activity at fields where nest predation experiments were 

carried out. Each sampling plot was thoroughly searched during 1.5 hours for indirect field 
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signs of lagomorph and carnivore occurrence (e.g., Virgós et al., 2001; Beja et al., 2009; Pita 

et al., 2009; Matos et al., 2009), and relative abundance of each species on each site was 

then estimated from the total number of signs recorded per hour of survey (Long et al., 

2008). Searches focused on structures where carnivore signs were expected to concentrate, 

including linear structures such as dirt roads, fences, field edges and riverbanks, as well as 

rock piles and old trees (Barea-Azcón et al., 2007; Mangas et al., 2008). Transects crossing 

open grassland fields were also carried out, mainly to detect the presence of hares (Lepus 

granatensis). 

Faeces found during the surveys were identified according to shape, size, odour and 

location, discarding scats showing ambiguous identity to reduce identification errors (Barea-

Azcón et al., 2007; Mangas et al., 2008). Footprints were also recorded because they can 

generally be identified with more certainty than faeces, though they are also prone to 

potential errors as their presence or absence may be strongly influenced by substrate type 

(Barea-Azcón et al., 2007). All sites were surveyed by the same experienced observer (FC) 

on twelve consecutive days, to avoid biases in detection rates due to variation in observer 

efficiency or changes in weather conditions (Long et al., 2008; Beja et al., 2009; Pita et al., 

2009). Although surveys based on field signs have been the subject of some criticism (e.g., 

Walker et al., 2000), this approach is generally considered valid for studies conducted at the 

landscape or regional scales (Virgós, 2001; Wilson and Delahay, 2001; Beja et al., 2009; Pita 

et al., 2009), based on strong evidence indicating a good fit between carnivore field signs 

and population density or animals activity (e.g., Tuyttens et al., 2001; Sadlier et al., 2004; 

Barea-Azcón et al., 2007). This method represents a reasonable alternative to trapping or 

scent-station methods, as these are too expensive, time-consuming and generally rely on 

attractants to detect the assemblage of species in a given area (Sadlier et al., 2004; Virgós 

and Travaini, 2005; Barea-Azcón et al., 2007). 

 

5.2.5 Nest predation experiment 

 

Artificial nests were used to estimate variation in nest predation rates within and among 

fallow fields. Although studies based on artificial nests are prone to potential shortcomings 

and cannot be assumed to provide reliable estimates of survival rates of real nests, they can 

give information about spatial and temporal variation in relative predation rates (Andrén 

1992; Storch et al., 2005; Batáry and Báldi, 2004; Pederson et al., 2009). Furthermore, 

artificial nests allow for flexibility in experimental design by allowing control of many 
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environmental variables, as well as ensuring larger sample sizes than those normally 

achieved with natural nests (Pederson et al., 2009, and references therein). 

At each of 50 sampling fields adjacent to forest plantations, artificial nests were 

placed along a 300-m transect at 0, 100, 200 and 300 m from the forest edge (n=200 nests), 

and their precise position was georeferenced using a GPS. At each of 10 fields at > 300 m 

from any forest plantation, nests were placed at the vertices of a square with 100-m sides 

(n=40 nests). Each artificial nest was a simple depression on the soil, where two quail 

(Coturnix sp.) eggs were placed. The experiment was set by a single researcher (RM) 

wearing latex gloves and rubber boots, to avoid potential bias due to variation in nest 

placement criteria among observers, and to reduce problems due to transfer of human scent 

to eggs and nests (Whelan et al., 1994). Artificial nests were set out in the first week of May, 

encompassing the incubation period of many ground-nesting birds, and checked after 15 

days of exposure to predators, which was comparable to the typical incubation period of 

grassland passerines breeding in the study area (Yanes and Suárez, 1997). Each nest was 

checked only once to reduce observer effects and to preserve nest concealment (Major, 

1990; Santos and Tellería, 1991). A nest was classified as predated if the eggs were missing 

or damaged, except when there was evidence that this resulted from livestock trampling or 

ploughing works. Trampling was considered the cause of egg destruction based on the 

presence of hoof marks and smashed eggs with no signs of consumption by a predator. 

Nests destroyed by cattle or agricultural works were not considered exposed to predation 

and were excluded from analysis. 

 

5.2.6 Statistical analysis 

 

Prior to statistical analysis, species abundances data were log-transformed to approach 

normality and to reduce the influence of extreme values. Likewise, the angular transformation 

(arcsine√p) was used for proportional landscape data, overcoming problems associated with 

the unity sum constraint, whereas other habitat variables showing skewed distributions were 

log-transformed (Zar, 1996). A Principal Component Analysis (PCA) of habitat variables was 

used to investigate multicollinearity and to describe dominant landscape gradients (Legendre 

and Legendre, 1998) (Table 5.2). A varimax normalized rotation was applied to the set of 

principal components with eigenvalues > 1.0, to obtain simpler and more interpretable 

ecological gradients (Legendre and Legendre, 1998). 
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Table 5.2.  Loadings of habitat variables on the first five axes extracted by a PCA, after a varimax 

normalized rotation, and the proportion of variance accounted for by each axis. For clarity, only 

loadings with absolute values greater than 0.50 were listed. 

 Habitat variables PC1 PC2 PC3 PC4 PC5 

Eucalyptus plantations -0.92     

Pine plantations  0.82    

Oak plantations 0.62 -0.63    

Plantation age -0.77     

Plantation area 0.65   0.53  

Tree density  0.72    

Tree height -0.91     

Farmland trees     0.85 

Eucalyptus plantations cover -0.72     

Pine plantations cover  0.87    

Oak plantations cover 0.57 -0.51    

Total forest plantations cover 0.52   0.75  

Total agro-forestry cover     0.71 

Mean Patch Size    -0.83  

Edge Density   0.93   

AWMSI   0.94   

Percentage of total variance 27.8 17.6 11.6 13.4 10.1 

 

Predator and lagomorph responses to landscape patterns were estimated with 

Generalized Linear Models (GLM), using a Gaussian distribution and the identity link 

(McCullagh and Nelder, 1989). Modelling was based on the Information Theoretic Approach 

(ITA) (Burnham and Anderson, 2002), which looks for simplicity and parsimony of several 

working hypothesis and it is based on the strength of evidence of each candidate predictive 

model. The Akaike Information Criterion (AIC) adjusted for small samples (AICc) was used 

as a measure of information loss of each candidate model, with the best fitting model having 

the lowest AICc and consequently the highest Akaike weight (wi), which measures the 

posterior probability that a given model is true, given the data and the set of competing 

candidate models (Burnham and Anderson, 2002). Multivariate models were built 

considering all possible subsets of predictor variables, and Akaike weights were used as a 

measure of model plausibility. The probability that a variable is included in the best 

approximating models, given the set of variables considered, was then estimated by 

summing the Akaike weights of all candidate models where the variable was included 
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(Burnham and Anderson, 2002). Landscape gradients extracted from PCA were used as 

predictor variables in model selection. The square-power of each principal component was 

also included, to account for eventual unimodal responses to landscape gradients (e.g., Pita 

et al., 2009). 

Although testing all possible models is not the best strategy in model selection, this 

approach is often used when there is not enough a priori information to built a more reduced 

set of plausible candidate models (e.g., Whittingham et al., 2005). To reduce the possibility of 

finding spurious models, the analysis was based on a small set of landscape gradients 

derived through PCA from an initial large set of habitat variables. In every case, scatterplots 

and regression diagnostics were used to inspect the shape of the fitted curves and to check 

for eventual problems resulting from the presence of outliers and influential points (Legendre 

and Legendre, 1998). 

Factors influencing nest predation rates were also examined using the IT model 

selection approach (Burnham and Anderson, 2002). The analysis started by modelling 

variation in the probability of nest predation in relation to edge, using Generalized Linear 

Mixed-effects Model (GLMM), with a binomial error distribution and a logit-link function, 

thereby accounting for the potential lack of independence among nests located in each 

transect (Pinheiro and Bates, 2000; Zuur et al., 2009). In this design individual transects 

were treated as random effects and distance to edge as a fixed effect (Reino et al., 2009). In 

a second set of analysis, variation in the proportion of nests predated at each field was 

related to landscape and predator abundance variables, using GLM with binomial error 

distributions and a logit-link function (McCullagh and Nelder, 1989). As nests trampled by 

cattle or destroyed by agricultural works were removed from analysis, the actual number of 

nests exposed to predation in each field was used as a weighing factor, to account for 

variation in sample sizes among fields (Zuur et al., 2009). The analysis of predator influences 

on nest predation rates was restricted to the most abundant potential egg predators. 

 

5.3 Results 

 

5.3.1 Landscape patterns 

Sampling fields represented a wide range of variability in farmland landscape composition 

and configuration (Table 5.1). The PCA extracted five axes with eigenvalues > 1.0, together 
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accounting for 80.6% of variance in the original data (Table 5.2). The varimax rotation 

revealed a major gradient (PC1) largely reflecting dominant forest types, contrasting 

landscapes with plantations dominated by either eucalyptus or oak stands. Eucalyptus 

plantations were generally older and taller, whereas oak stands tended to be larger and 

located in landscapes with greater overall cover by forest plantations. The type of forest 

plantation was also reflected in a secondary gradient contrasting oak and pine stands (PC2), 

the latter showing higher tree density. The third and fourth rotated PCA axes were largely 

related to landscape fragmentation. PC3 represented primarily the concurrent increase of 

edge density and shape complexity of open arable patches, whereas PC4 largely reflected 

variation in the mean size of open arable patches, which was inversely related with 

eucalyptus and overall plantation cover. PC5 represented the presence of farmland trees, 

which were more prevalent in landscapes with greater cover by agro-forestry systems. 

 

5.3.2 Predator assemblages 

 

Altogether, 12 avian predator species were recorded during this study (Table 5.3), with an 

average of 3.90 ± 1.64 (SD) species per field and 5.9 ± 5.1 (SD) birds per visit to a field. The 

white stork (Ciconia ciconia) was by far the most widespread and abundant species, 

occurring in about three-quarters of the sampling fields. Taken together, birds of prey were 

also widespread (96% of fields) and abundant (1.32 ± 1.45 [SD] birds per visit to a field), but 

only Montagu’s harriers (Circus pygargus), kestrels (Falco spp.), black kites (Milvus migrans) 

and common buzzards (Buteo buteo) were observed in > 20% of fields (Table 5.3). Corvids 

were less widespread (60% of fields) and abundant (0.66 ± 0.99 [SD] birds per visit to a field) 

than both white storks and birds of prey, with ravens (Corvus corax), carrion crows (Corvus 

corone) and azure-winged magpies (Cyanopica cyanus) occurring at about 25.0 - 40.0% of 

sampling fields (Table 5.3). 

A total of 105 identifiable signs from eight carnivore species were recorded during 75 

hours of transect-surveys (Table 5.3), over half of which (59.1%) corresponded to footprints. 

The mean number of species per sampling field was 1.16 ± 0.93 (SD), with 0.76 ± 0.74 (SD) 

wild species and 0.40 ± 0.53 (SD) domestic species. The fox was by far the most abundant 

and widespread carnivore, occurring in nearly half the fields surveyed. Domestic dogs were 

also widespread and abundant, while none of the other six species occurred in more than 

10% of the sampling sites (Table 5.3). During the carnivore surveys a total of 701 identifiable 

signs  of lagomorphs  were  also  recorded,  most of which (71.3%)   corresponded  to pellets  
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Table 5.3 . Frequency of occurrence, total count and relative abundance (mean count per field per visit  

± Standard Deviation) of lagomorph and potential avian and mammalian predators of bird nests 

recorded in 50 fallow fields adjacent to forest plantations in southern Portugal (April-July 2005). 

Species 
Frequency of 

occurrence (%) 

Total 

count 

Relative Abundance 

(mean ± SD) 

Avian predators    

Cattle egret (Bubulcus ibis) 20.0 71 0.38±1.25 

White stork (Ciconia ciconia) 76.0 146 0.78±1.24 

Common/lesser kestrel (Falco tinnunculus/naumanni) 42.0 76 0.43±0.87 

Booted eagle (Hieraaetus pennatus) 14.0 7 0.04±0.10 

Red kite (Milvus milvus) 16.0 9 0.09±0.25 

Black kite (Milvus migrans) 38.0 27 0.28±0.42 

Black-shouldered kite (Elanus caeruleus) 4.0 3 0.02±0.10 

Montagu's harrier (Circus pygargus) 58.0 58 0.30±0.36 

Common Buzzard (Buteo buteo) 36.0 31 0.16±0.27 

Raven (Corvus corax) 26.0 20 0.10±0.24 

Carrion crow (Corvus corone) 38.0 62 0.32±0.57 

Azure-winged magpie (Cyanopica cyanus) 28.0 51 0.25±0.53 

Lagomorphs    

European Rabbit (Oryctolagus cuniculus)  72.0 194 2.59±4.21 

Iberian Hare (Lepus granatensis)  98.0 507 6.76±7.02 

Carnivores    

Dog (Canis familiaris)  38.0 36 0.48±1.03 

Cat (Felis catus)  2.0 1 0.01±0.12 

Red fox (Vulpes vulpes)  48.0 46 0.61±1.09 

Eurasian badger (Meles meles) 6.0 6 0.08±0.43 

Eurasian otter (Lutra lutra)  8.0 5 0.07±0.30 

Stone Marten (Martes foina)  4.0 2 0.03±0.16 

Egyptian mongoose (Herpestes ichneumon) 8.0 8 0.11±0.53 

Genet (Genetta genetta)  2.0 1 0.01±0.12 

 

(Table 5.3). Overall, lagomorphs were recorded at all sites, with hares also occurring at all 

but one site (Table 5.3). Rabbits were also prevalent across this landscape, though they 

were less abundant than hares (Table 5.3). 
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5.3.3 Predator responses to landscape patterns 

 

Analyses evidenced that forest plantations appeared to have a marked influence on nest 

predator abundances in surrounding farmland, though the type and strength of such effects 

strongly varied greatly among species (Table 5.4; Supplementary Material). The model 

selection exercise indicated that there was a large set of plausible models (i.e. a 95% 

confidence set of models) for each response variable (173-577 out of 1024 possible models), 

with low plausibility for each of the best ranking models in terms of AICc (0.02 ≤ wi ≤ 0.09) 

(Table 5.4). Despite the relatively low plausibility of most individual models, some landscape 

gradients showed high selection probabilities, indicating consistent effects on predator 

abundances. In general, responses to these gradients tended to be linear, though there was 

also support for some unimodal response curves, underlining the presence of peaks in 

abundance at intermediate values of the landscape gradients identified (Table 5.4; 

Supplementary Material). In a few cases, Akaike weights supported the presence of U-

shaped curves, reflecting maximal predator abundances at both extremes of a landscape 

gradient (Table 5.4; Supplementary Material). 

Selection probabilities provided moderate to strong support (0.57-1.00) for a marked 

influence on carnivores and corvids of the landscape gradient represented in the first PC axis 

(PC1) (Table 5.4), with a tendency for the overall corvid and carnivore abundances, as well 

as that of carrion crows, azure-winged magpies, foxes and domestic dogs, to be highest near 

tall and old eucalyptus plantations, and to be lowest near recent oak plantations 

(Supplementary Material). There was also some support for a U-shaped response of 

Montagu’s harriers to this gradient (Table 5.4), indicating a tendency for the observation of 

harriers near forest plantations to increase along with increasing cover by either eucalyptus 

or oak plantations, and to show a minimum in intermediate landscapes. The second 

landscape gradient (PC2) showed little influence on the abundance of predators, with only 

moderate support (0.69) for the abundance of birds of prey to increase with cover by oak 

plantations. There was also a low support for the influence of edge densities reflected in the 

third landscape gradient (PC3) on species abundances (Table 5.4), though it was included in 

the best AICc model for white storks, Montagu’s harriers and lagomorphs. There was a 

tendency for the first species to decline along with edge density, while the remaining two 

species tended to increase in more fragmented landscapes (Supplementary Material). The 

effect of the landscape gradient reflecting the size of open farmland patches was strongly 

supported in the case of the overall abundance of carnivores and that of azure-winged
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Table 5.4.  Summary results of information-theoretic model selection for the relationships between potential predators and nest predation rate and 

gradients reflected in each of five components (PCn) extracted from a principal component analysis of edge and landscape variables. For each 

response variable, the table provides the R2 of the best fitting model, the number of models included in the 95% confidence set of models, the 

Akaike weight (wi) of the best fitting model and the selection probabilities of all the PC. Selection probabilities of PC included in the best fitting model 

are underlined. 

 

Selection probabilities 
Species/groups R2 95% wi 

PC1 PC12 PC2 PC22 PC3 PC32 PC4 PC42 PC5 PC52 

Mammals              

Carnivores 39.1 181 0.086 0.99 0.26 0.26 0.24 0.26 0.23 0.29 0.96 0.22 0.22 

Red fox 20.1 432 0.049 0.84 0.34 0.23 0.24 0.23 0.23 0.23 0.54 0.23 0.30 

Domestic dog 13.1 505 0.032 0.68 0.46 0.30 0.31 0.24 0.29 0.23 0.29 0.25 0.24 

Lagomorphs 10.6 581 0.021 0.44 0.40 0.23 0.25 0.54 0.29 0.23 0.23 0.38 0.31 

Birds              

White stork 7.6 591 0.023 0.25 0.25 0.44 0.30 0.53 0.32 0.23 0.24 0.31 0.43 

Overall raptors 6.9 554 0.030 0.39 0.30 0.69 0.38 0.24 0.25 0.28 0.23 0.29 0.25 

Montagu’s harrier 19.9 581 0.037 0.67 0.64 0.25 0.25 0.66 0.37 0.36 0.26 0.32 0.33 

Overall corvids 21.8 336 0.034 0.97 0.24 0.25 0.24 0.23 0.27 0.43 0.32 0.27 0.36 

Carrion crow 6.1 543 0.029 0.57 0.28 0.25 0.33 0.24 0.30 0.23 0.33 0.23 0.28 

Azure-winged magpie 39.5 220 0.072 1.00 0.34 0.28 0.27 0.30 0.26 0.93 (-) 0.24 0.80 (+) 0.25 

Nest Predation rate 22.8 447 0.054 0.70 0.45 0.24 0.28 0.29 0.86 0.22 0.24 0.29 0.24 
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magpies (0.93-0.96), and less so for the abundance of foxes (0.54) (Table 5.4). Variation in 

overall carnivore and fox abundances showed a unimodal response to this gradient, peaking 

in landscapes with intermediate patch sizes, whereas the abundance of azure-winged 

magpies was higher around plantations embedded in large patches of open farmland. 

Finally, there was strong support (0.80) for the abundance of azure-winged magpies to 

increase along with the presence  of trees  in farmland fields  and to  the landscape cover by 

agro-forestry areas (Table 5.4), as suggested by the positive response to the landscape 

gradient described by PC5 (Supplementary Material). 

 

5.3.4 Nest predation rates 

 

A large proportion of nests exposed to predators in fields adjacent to forest plantations 

(n=200) were destroyed (58.0%), mostly because of predation (40.5%), but also due to 

trampling by cattle (13.0%) and agricultural works (4.5%). In fields far (> 300 m) from forest 

plantations, 40.0% of nests (n=40) were predated and 7.5% were trampled by cattle. 

Excluding nests trampled or destroyed by agricultural works, there was a tendency for a 

higher predation rate in fields adjacent to forest plantations (50.9%) than in core open 

habitats (43.2%), but the model including this effects (AIC = 294.4) did not perform better 

than the corresponding null model (AIC = 292.3). In fields adjacent to forest plantations there 

was a small tendency for predation rates to increase with distance from edges, but the model 

including this effects (AIC = 233.7) did not perform better than the corresponding null model 

(AIC = 231.7). 

Landscape composition and configuration around forest plantations appeared to 

affect nest predation rates. There was strong support (0.86) for a unimodal variation in 

predation rates in relation to the gradient reflected in PC3, suggesting that predation around 

forest plantations tended to be highest in landscapes with intermediate edge densities 

(Supplementary Material). There was also some support (0.70) for nest predation rates 

varying in relation to the landscape gradient reflected in PC1 (Table 5.4), suggesting that 

nests were predated most often in fields adjacent to oak stands embedded in landscapes 

with greater overall cover by forest plantations (Supplementary Material). 

The analysis of the relationships between predator abundances and nest predation 

rates showed no consistent effects (Table 5.5). The only variables appearing to have some 

influence  on nest predation  rates was the  abundances of  white storks  and domestic dogs, 
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Table 5.5.  Summary results of information-theoretic model selection for the relationships between nest predation rate and the abundance of 

lagomorphs and potential nest predators. The R2 of the best fitting model, the number of models included in the 95% confidence set of models, the 

Akaike weight (wi) of the best fitting model and the selection probabilities are shown. Variables included in the best fitting model are underlined. 

 

Selection probabilities  
Response 

variable 
R2 95% wi 

Carnivores  
Red 

fox 

Domestic 

dog 
Lagomorphs  

White 

stork 
Corvids  

Carrion 

crown 

Azure winged-

magpie 

Nest Predation 

rate 
11.1 165 0.064 0.30 0.28 0.71 0.23 0.61 0.28 0.32 0.38 
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but support for these effects were moderate (0.61-0.71). Furthermore, only in the case of 

white storks there was a tendency for higher predation rates with increasing predator 

abundance, as the proportion of nests predated declined with increasing dog abundance 

(Table 5.5). 

 

5.4 Discussion 

 

5.4.1 Forest plantations and predator assemblages 

 

This study supported the hypothesis that afforestation affects predator abundances in 

agricultural landscapes, including that of typical nest predators such as corvids and foxes 

(Batáry and Báldi, 2004), probably because plantations provide safe refuges that would 

otherwise be absent or scarce in predominantly open habitats. Predator abundances were 

generally higher around old and tall eucalyptus plantations than around young and short oak 

plantations, suggesting that mature plantations provided the most suitable refuge conditions. 

This was likely the case of carrion crows and azure-winged magpies, as they may nest in 

patches of tall trees (Alonso et al., 1991; Santos et al., 2006), often feeding in adjacent open 

farmland (Andrén, 1992; McCollin, 1998). In line with previous studies in Mediterranean 

farmland (Pita et al., 2009) and elsewhere (Gehring and Swihart, 2003; Baker and Harris, 

2006), forest stands little disturbed by human activities also appeared to provide secure 

shelter to carnivores in landscapes otherwise subject to periodic agricultural operations, as 

suggested by the association of eucalyptus plantations with the highest overall carnivore 

abundances and that of foxes. The positive relationship between dogs and eucalyptus 

plantations was possibly due to dogs associating with flocks of sheep and cattle using shade 

close to plantation edges. Reasons for the association of Montagu’s harriers with both 

increasing cover by eucalyptus and oak plantations is less clear, because this is a typical 

open farmland species, often nesting in cereal crops (e.g., Donázar et al., 1997). However, 

breeding output of Montagu’s harriers is higher in shrublands than in cereal crops (Limiñana 

et al., 2006), and so they may profit from young plantations structurally similar to shrublands 

as suitable nesting and foraging habitats, as it is the case of hen harriers (Circus cyaneus) 

(Watson, 1977). The positive response of Montagu’s harriers to eucalyptus plantations could 

be an artefact, because this species neither nests nor forages within mature forests. 
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Results from this study also suggest that landscape configuration affected the 

response of predators to forest plantations, underlining the influence of habitat fragmentation 

on predator abundance and activity (Chalfoun et al., 2002). For instance, azure-winged 

magpies were particularly abundant around plantations embedded in large patches of open 

farmland, suggesting that even small plantations may have a strong effect on nest predators. 

Presumably this was a consequence of azure-winged magpie coloniality (Cramp and Perrins, 

1994), with individuals concentrating in small eucalyptus stands offering abundant food 

resources in surrounding farmland. The size of open farmland patches also affected the 

overall abundance of carnivores and that of foxes, which peaked in landscapes with 

intermediate patch sizes. This agrees with previous findings that several medium-sized 

Iberian carnivores are positively influenced by the presence of mosaic landscapes, which 

probably provide a favourable combination of secure shelter in woody habitats and food 

resources at habitat edges and in adjacent open land (Mangas et al., 2008; Matos et al., 

2009; Pita et al., 2009). The abundance of Montagu’s harriers increased with edge density, 

corresponding to areas with the highest lagomorph abundances, which are their staple prey 

in cereal steppes of the Iberian Peninsula (Arroyo and Garcia, 2006). Landscapes with high 

edge density maximised lagomorph abundances, probably because they favoured the 

occurrence of both rabbits, which are associated with edge habitats (Calvete et al., 2004; 

Beja et al., 2007), and hares, which are associated with open grassland patches (Calzada 

and Martínez, 1994). 

Only a single species of nest predator analysed in this study appeared to be 

negatively affected by increasing cover of forest plantations and landscape fragmentation. 

The exception was the white stork, which tended to show lower abundances around forest 

plantations embedded in more fragmented agricultural landscapes. White storks are known 

to forage at relatively high density in fallow fields (Delgado & Moreira, 2000), but there is no 

evidence that they avoid edges of any type (e.g., Johst et al., 2001). The negative response 

to landscape fragmentation may thus reflect the distribution of nests at the landscape scale, 

as in the Iberian Peninsula the density of white stork breeding pairs is negatively correlated 

with surface cover of woodlands and shrublands, and positively correlated with grassland 

area (Carrascal et al., 1993). 
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5.4.2. Nest predation rates 

 

Predation rates on artificial nests appeared to be influenced by forest plantations and habitat 

fragmentation, though there was no evidence for increased predation rates near edges. The 

later result might be considered unexpected, as at least some nest predators such as carrion 

crows, azure-winged magpies and foxes seemed to be strongly associated with forest 

plantations. However, lack of edge effects has been reported elsewhere in grassland habitats 

(Batáry and Báldi, 2004; Renfrew et al., 2005), probably reflecting the wide range foraging 

behaviour of edge predators and the presence of resident grassland predators (Ribic et al., 

2009). This may also be the case in southern Portugal, as for instance foxes may move 

widely and forage in a range of open habitats (Gehring and Swihart, 2003), thereby adding to 

predation potentially caused by grassland predators such as white storks and Montagu’s 

harriers. The observed patterns may also reflect the operation of predators not analysed in 

this study, such as snakes (Weatherhead and Blouin-Demers, 2004) or even cattle (Nack & 

Ribic, 2005). Predation by small mammals was unlikely, because these species are generally 

unable to swallow or break quail eggs (Maier & DeGraaf, 2000). Testing these hypotheses 

would require information on the actual species involved in predation events, which could not 

be obtained in this study due to logistical constraints. 

Despite the lack of local edge effects, there was a marked influence of landscape 

composition and configuration on nest predation rates, supporting the hypothesis that nest 

predation may depend on landscape context and not necessarily on the edge per se 

(Donovan et al., 1997; Chalfoun et al., 2002; Batáry and Báldi, 2004). This is supported by 

the observation that nest predation rates peaked in landscapes with intermediate edge 

densities, probably because these were inhabited by a combination of edge-related and 

grassland resident predators (Pita et al., 2009; this study), predation by which may add up to 

increase nest predation rates. The highest lagomorph abundances were also recorded in 

moderately fragmented landscapes, which could contribute for increasing predator activity 

and thus to the incidental predation of bird nests (Yanes & Suárez, 1996). Nest predation 

rates also tended to be highest in fields adjacent to oak than to eucalyptus stands, the former 

of which were generally embedded in landscapes with greater overall cover by forest. This 

result may be regarded as unexpected because the local abundance of common nest 

predators such as corvids and foxes was highest close to eucalyptus than to young oak 

plantations. However, this observation is compatible with the view that landscape effects 
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prevailed over local effects, with the overall cover by forest plantations influencing more the 

rate of nest predation than the type of local forest edge. 

These results, together with the lack of clear relationships between predation rates 

and the abundance of particular predators, highlight the difficulty in explaining nest predation 

patterns in complex multi-predator systems. The only positive relationship between nest 

predation and a potential predator, albeit weak, was found for white storks, while no influence 

was found for common nest predators such as corvids and foxes. This was probably 

because predation events were likely associated with a wide range of predators, each of 

which operating in different landscapes or close to different edge types. As a consequence, a 

better understanding of nest predation in Mediterranean farmland would require more 

information on the predatory activity of a wide range of species, and how this vary in relation 

to habitat characteristics and prey availability, because it is unlikely that it can be explained 

by analysing just one or a restricted set of potential predators. 

 

5.4.3 Conservation implications 

 

Although this study failed to find a significant increase in nest predation rate close to forest 

plantation edges, an association could be established between nest predation rates and a 

gradient of farmland fragmentation. Nest predation rates were highest in areas with higher 

cover by forest plantations, but usually at intermediate levels of farmland fragmentation. 

These result reinforces previous findings concerning the potential detrimental effects of 

afforestation in Mediterranean open farmland (e.g., Reino et al., 2009). Indeed, the 

fragmentation of open farmland habitats through afforestation seemed to promote an 

increase in the overall abundance of most nest predators (Pita et al. 2009, this study), and as 

a consequence an increase in nest-predation rate of ground-nesting birds. This study also 

supported the view that forest plantations attributes are important factors in shaping predator 

assemblages, with mature plantations providing most suitable refuge conditions to predators 

(e.g., corvids and carnivores). In fact, even small eucalyptus patches surrounded by larger 

agricultural patches may support certain species like azure-winged magpies. 

Taken together, findings from this study suggest that fragmentation of open 

Mediterranean farmland may indeed introduce differential habitat and structural changes that 

are very likely to contribute to the decline of farmland ground-nesting birds, including species 

threatened at the global or European levels such as the great bustard (Otis tarda) and the 
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little bustard (Tetrax tetrax) (Silva et al., 2004; Moreira et al., 2005). In these circumstances, 

the need to maintain low populations of generalist carnivores and corvids should be 

incorporated in agri-environmental management prescriptions for open farmland landscapes, 

namely by preventing non-planed afforestation, avoiding it in more sensitive areas, and also 

preventing the development of other tree structures like woody vegetation patches and 

corridors (Pita et al., 2009). This further emphasises the need to revert current trends of 

scrub encroachment and afforestation of marginal agricultural land in the Mediterranean 

region, as this process may have the dual negative impact of reducing valuable farmland 

habitats, and simultaneously adding predation pressure to remnant farmland fields (Shapira 

et al., 2008). 
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Supplementary Material 

Figure S5.1. Scatterplots relating the abundance of carnivores (left) and red fox (right) to each of five ecological gradients extracted 

from a Principal Component Analysis of edge and landscape variables. The quadratic trend line approximating the relationship 

between the response and the explanatory variable is shown in each case. 
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Figure S5.2. Scatterplots relating the abundance of dogs (left) and lagomorphs (right) to each of five ecological gradients extracted 

from a Principal Component Analysis of edge and landscape variables. The quadratic trend line approximating the relationship 

between the response and the explanatory variable is shown in each case. 
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Figure S5.3. Scatterplots relating the abundance of white stork (left) and raptors (right) to each of five ecological gradients extracted 

from a Principal Component Analysis of edge and landscape variables. The quadratic trend line approximating the relationship 

between the response and the explanatory variable is shown in each case. 
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Figure S5.4. Scatterplots relating the abundance of Montagu’s harrier (left) and corvids (right) to each of five ecological gradients 

extracted from a Principal Component Analysis of edge and landscape variables. The quadratic trend line approximating the 

relationship between the response and the explanatory variable is shown in each case. 
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Figure S5.5. Scatterplots relating the abundance of carrion crow (left) and azure-winged magpie (right) to each of five ecological 

gradients extracted from a Principal Component Analysis of edge and landscape variables. The quadratic trend line approximating the 

relationship between the response and the explanatory variable is shown in each case. 
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This thesis aimed to evaluate the influence of habitat fragmentation and edge effects on the 

distribution and abundance of open habitat birds in southern Portugal. To achieve this, five 

global objectives were drawn, including (1) To assess farmland bird responses to woody 

edges and how these are affected by edge and landscape characteristics; (2) To quantify the 

joint influence of field management and landscape chracteristics on the distribution and 

abundance of grassland bird specialists; (3) To assess how the recent CAP reform may 

affect open farmland birds by potentially increasing habitat fragmentation and changing the 

grazing regimes; (4) To assess whether afforestation increases nest predation risk in 

surrounding farmland, by inducing modifications in nest predator assemblages; and (5) To 

use the information gathered on the relationships between grassland birds and habitat 

fragmentation to improve agri-environment prescriptions targeted at the conservation of birds 

in Mediterranean farmland. 

Each chapter had its own specific goal and philosophy which contributed to achieve 

the general goals of the present thesis. In this final and concluding section the main results of 

each chapter are integrated into more general issues regarding the general concerns raised 

by habitat fragmentation and land use changes. Also, these concerns are pooled with the 

overall ecology and open habitat distribution patterns in southern Portugal. 

 

Chapter 2. Distance to edges, edge contrast and lan dscape fragmentation: 

interactions affecting farmland birds around forest  plantations 

 

Afforestation of grassland habitats often causes direct habitat losses for farmland birds of 

conservation concern. However, the resulting impacts of these changes are uncertain, mainly 

resulting from edge effects driven from habitat fragmentation. In this chapter the possible 

consequences of the fragmentation of grassland habitats, in Mediterranean arable farmland 

in southern Portugal, were analysed. To study this issue, we selected 52 fallow fields in the 

vicinity of forest stands of different ages and of three main types: i) eucalyptus, ii) pinewoods 

and, iii) oakwoods. We outlined a bird census survey that consisted of transect point counts 

at 0, 100, 200, 300 and >300 m from the forest edge, in areas embedded in landscapes with 

variable amounts, and spatial configuration, of forest plantations. 
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Edge effects 

This study suggested that planted forests significantly influenced the bird assemblages of 

adjacent grassland habitats in Castro Verde area. Contrary to expectations resulted from 

other studies conducted in similar habitats (see Chapter 2), most birds in southern Portugal 

showed either a positive or neutral responses to edges effects. Positive responses were 

apparent for most typical farmland birds such as Galerida larks, stonechats, and corn 

buntings, species often associated with open habitats (Moreira, 1999; Delgado and Moreira, 

2000). However, steppe birds, including a group of steppe specialists (e.g., calandra lark and 

short-toed lark), showed a marked negative response to wooded edges. Nonetheless, edge 

avoidance was not found for little bustards and tawny pipits. These results may be due to 

scarcity (e.g., tawny pipit) or to the fact that both species have the ability to use early stages 

of forest plantations stands. As expected, overall abundance of woodland birds, tended to 

decline away from forest edges, but it is much unclear why farmland and ground nesting 

birds richness and abundance also tended to decline. One possible explanation to this 

behavior may be due to the existence of a small vegetation strip around edges, attracting 

more eclectic and less specialist species. 

 

Interactions affecting edge responses 

Different ecological factors have been recognized to interact and affect edge responses 

(Ries et al., 2004). This study showed that edge contrast affects bird responses to edges, 

suggesting that interactions between ecological factors and species responses also play a 

role. Indeed, hard edges (eucalyptus stands) usually played a stronger effect than soft edges 

(oakwoods). This study showed that Galerida larks and corn buntings responded more 

strongly to eucalyptus edges than to oakwood edges. One possible reason may be related to 

the quality of edges, most likely linked with historical events, affecting bird responses around 

edges. Nonetheless, further research is needed to investigate this topic. Edge avoidance 

response to hard edges was also more evident for steppe birds. This may be related to the 

visual obstruction effect of hard edges, which is likely to elicit a much stronger aversion by 

open grassland birds, when compared with other soft and short forest stands. 

Other characteristics related to the size of arable patch also affected edge responses 

by bird functional groups and individual species, suggesting the existence of interactions 

between edge effects and landscape fragmentation. 
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Conservation implications 

This study extends previous findings about afforestation effects of Mediterranean open 

farmland, showing that resulting edge effects of forest plantations augmented local overall 

bird diversity. However this local increase in biodiversity is at an expense of negative impacts 

for steppe birds of European conservation concern (Burfield and van Bommel, 2004). These 

impacts may be particularly serious over grassland specialist like calandra lark. 

These study findings may have several consequences for the assessment and 

planning of afforestation in Mediterranean farmland. Indeed, it should be recognized that the 

total area directly affected by afforestation (habitat loss) is larger than the actual afforested 

surface. This means that increasing extent of habitat reductions by means of farmland 

afforestation will lead to an increase of negative edge effects that almost certainly will 

provoke population declines of edge avoiding species (Fletcher, 2005; Ewers and Didham, 

2007). Thus, declining of edge avoiding species should occur progressively faster with 

increasing habitat fragmentation. 

This study supports the recommendation that afforestation in Mediterranean farmland 

should be largely avoided, mainly in areas occupied by steppe birds of conservation concern 

(Díaz et al., 1998). However when afforestation is inevitable due to socio-economical or 

environmental constraints, landscape planning should attempt to reduce habitat 

fragmentation of neighboring agricultural areas. 

 

Chapter 3. Calandra lark habitat selection: strong fragmentation effects in a 

grassland specialist 

 

This study was based on data collected in 2000/01 and was particularly concerned about the 

distribution of the calandra lark, a species often regarded as a grassland specialist. This view 

is widely supported by the fact that this passerine is often associated with Mediterranean 

farmland with large grassland patches. Thus, it is often recognized that this species is very 

sensitive to habitat fragmentation (Reino et al., 2009). This paper used a methodology similar 

to the one on Chapter 2, which included the selection of fallow land parcels across a gradient 

of agricultural intensification and land abandonment. This study was the only one of this 

thesis, that considered both spring and winter periods, accounting for possible differences in 

habitat selection across the year. 
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The results showed that both field and landscape variables played a role in modelling 

the distribution of this grassland bird specialist in Mediterranean farmland. At the field scale, 

the presence of trees and shrubs showed the strongest negative effects, while at the 

landscape level negative responses were given by drainage and road densities. Conversely, 

positive responses were associated with mean patch size of open habitats. Finally, this study 

also reported the importance of certain spatial effects in the analysis of species distribution. 

Results suggested a positive association of calandra lark distribution with the presence of 

conspecifics, mainly in spring. 

This study suggested that this grassland specialist is highly sensitive to habitat 

fragmentation and usually require fields with no shrubs or trees (local scale), embedded in 

larger grasslands patches in farmland landscapes (landscape scale). Results support the 

view that the conservation of grassland birds in Mediterranean agricultural landscapes may 

require a combination of both land-use regulations and agri-environment schemes. This 

should prevent the present trend of land abandonment with scrub encroachment, 

afforestation of more marginal areas and land use intensification. 

 

Chapter 4. Grassland bird responses to land use cha nges in Mediterranean 

farmland: joint effects of habitat fragmentation an d grazing regimes 

 

This study examined the multiscale effects of farmland management on five grassland bird 

taxa in southern Portugal. It evaluated the potential influences on bird conservation of 

ongoing transformations in agricultural landscapes at local (field) and landscape scales. 

These transformations included recent changes introduced by the Common Agricultural 

Policy (CAP) in 2005, including the single farm payment and the associated decoupling of 

payments from current production levels. 

The results of this study largely support the view that both habitat fragmentation 

(landscape scale) and grazing regimes (local scale) are major drivers of breeding grassland 

bird densities in Mediterranean farmland. However, responses to these factors are species-

specific, with highest densities of each single species associated with a particular landscape 

configuration, herbivore species (sheep versus cattle) and fallow field age. For example, little 

bustard tended to be more abundant in field grazed by cattle; while short-toed larks are often 

associated with sheep pastures. Landscape effects seemed also to play an important role in 

shaping the distribution of grassland avifauna. For example, little bustards seemed to be 
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more abundant in farmland landscapes with intermediate fragmentation levels. This is 

reflected by the selection of the environmental gradient that reflects increased edge density 

and patch complexity for the little bustard, Thekla lark, calandra lark and partially for short-

toed lark. 

In brief, this study suggested that ongoing land use and management changes in 

Mediterranean farmland will have different impacts on the grassland birds, benefiting some 

species usually more tolerant to land intensification and habitat fragmentation, while others 

will be negatively affected by overall changes. Also, this study recommended the need for 

applied and specific management actions accounting for the conservation of grassland birds 

in Mediterranean farmland. 

 

Chapter 5. Does afforestation increase nest predati on risk in surrounding 

farmland? 

 

This study was focused in the association between landscape context and configuration in 

the distribution of potential predators that may affect the nest predation risk in Mediterranean 

farmland. This article followed the same general experimental design of the article of 

Chapter 2. In order to evaluate possible associations among nest predation with landscape 

attributes, type of edge and edge contrast, we conducted an artificial nest experiment in the 

study area of Castro Verde. 

The results of this article showed a measurable association of afforestation on 

predator assemblages and nest predation rates in surrounding farmland. However this study 

failed to find a clear link between nest predation rates and predator abundances. It also 

showed that predator responses were stronger to adult (eucalyptus) than to young (oak and 

pine) plantations, with corvids and mammalian carnivores reaching the highest abundances 

in fields adjacent to mature eucalyptus plantations. However, no edge effect on predation 

rates was found, and predation rates were higher near oak than eucalyptus plantations, 

despite the highest predator abundances in the later habitat. 

The present study suggested that afforestation of Mediterranean farmland, mainly in 

areas of conservation concern, may in fact represent a serious threat to the survival of 

ground-nesting birds, some of which of conservation concern (e.g., little bustard). However, 
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these results should be viewed with caution due to some ambiguity, but afforestation of more 

sensitive farmland areas should be avoided. 

 

Final Remarks 

 

Mediterranean farmland is often associated with important hot spots for steppe birds, some 

of conservation concern (e.g., great bustard). However, in the last decades land 

abandonment of more marginal arable land lead to scrub encroachment and even 

afforestation of extensive agricultural areas. At the same time, several Mediterranean 

extensive areas suffered land use intensification, including changes in livestock management 

and grazing regime. This happened mainly after the changes introduced in the 2005 reform 

and in the recent 2008 “health check” (Ackrill et al., 2008; Stoate et al., 2009). Together, all 

these changes shaped the Mediterranean farmland in several areas (e.g., Castro Verde, 

Mértola) and contributed for the fragmentation of Mediterranean farmland landscape. 

In this thesis I analysed the possible influence of these changes in a multiscale 

perspective, considering different studies and approaches. In each one of the four articles I 

analysed a different or a specific issue. The conclusions of this thesis confirmed the view that 

ongoing habitat fragmentation and management changes are a serious threat to the steppe 

birds assemblage, mainly for very sensitive species (e.g., calandra lark). This thesis also 

supported the view that land use changes like afforestation may contribute to an overall 

increase of both richness and diversity, but at expenses of steppe birds, some of 

conservation concern (Reino et al., 2009, this thesis). 

Another relevant outcome of this thesis should be an application to the impact 

assessment and planning of afforestation, and to future management and conservation 

policies of Mediterranean farmland. This is related to the fact that the total area affected by a 

forest plantation is larger than the surface actually planted with trees, and this may also 

occur with other land use changes. In other words, the area that is converted to another land 

use (habitat loss) is larger than the actual area that is effectively converted (edge effect). 

This suggests that applied conservation and planning methods for Mediterranean farmland 

are urgently needed, mainly for pseudo-steppe areas. This thesis also suggested that from 

the conservation stand-point is preferable to have fewer, but larger plantations of trees. 

However, I recommended that in the most relevant pseudo-steppe areas afforestation and 

land use intensification should always be avoided. 
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"Capítulo XI . De la estraña aventura que le sucedió al valeroso don  

Quijote con el carro, o carreta, de Las Cortes de la Muerte 

(...) 

-Pues lo mesmo dijo don Quijote acontece en la comedia y trato deste   

mundo, donde unos hacen los emperadores, otros los pontífices, y,   

finalmente, todas cuantas figuras se pueden introducir en una   

comedia; pero, en llegando al fin, que es cuando se acaba la vida, a   

todos les quita la muerte las ropas que los diferenciaban, y quedan   

iguales en la sepultura. 

-¡Brava comparación! dijo Sancho, aunque no tan nueva que yo no la   

haya oído muchas y diversas veces, como aquella del juego del   

ajedrez, que, mientras dura el juego, cada pieza tiene su particular   

oficio; y, en acabándose el juego, todas se mezclan, juntan y   

barajan, y dan con ellas en una bolsa, que es como dar con la vida en   

la sepultura. 

-Cada día, Sancho dijo don Quijote, te vas haciendo menos simple y   

más discreto. 

-Sí, que algo se me ha de pegar de la discreción de vuestra merced   

respondió Sancho; que las tierras que de suyo son estériles y secas,   

estercolándolas y cultivándolas, vienen a dar buenos frutos: quiero   

decir que la conversación de vuestra merced ha sido el estiércol que   

sobre la estéril tierra de mi seco ingenio ha caído; la cultivación,   

el tiempo que ha que le sirvo y comunico; y con esto espero de dar   

frutos de mí que sean de bendición, tales, que no desdigan ni   

deslicen de los senderos de la buena crianza que vuesa merced ha   

hecho en el agostado entendimiento mío. 

(...)" 

In: Don Quijote de la Mancha, Capítulo XI 

Miguel de Cervantes Saavedra 
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