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Abstract

:

Simple Summary


Drove roads (the traditional paths used to move livestock between villages and among grazing grounds, frequently with some tree cover) have been suggested to be ecological refuges and corridors of interest to complement the European Natura 2000 Network. However, their narrowness cast doubts regarding their capacity to act as connectors for vertebrates with large home ranges, such as birds. Here we show that bird communities in drove roads crossing agrarian landscapes in the Madrid Region (Spain) are a predictable subset of species in comparison to those in wooded protected sites, and that species richness declines in them with the distance from Natura 2000 sites and with the reduction in forest cover of the area. Thus, drove roads sustain nesting bird communities that depend on the wider landscape rather than on their own characteristics, and can only play a secondary role as refuges, stepping stones or corridors funneling bird movements between protected sites.




Abstract


Ecological connectivity among protected Natura 2000 sites is a priority for conservation in Europe due to the increasing pressure on biodiversity from human activities and climate change. Drove roads, the traditional paths used to move livestock through the territory, have been proposed as potential ecological corridors due to their large extent, continuous nature and centennial protection from ploughing and urbanization, which allows the persistence of some tree cover and natural habitats in them. Bird communities were sampled during the reproductive season along 19 drove road transects in agrarian landscapes between Natura 2000 sites, all of them around the conurbation of Madrid (Madrid Region, Spain). Bird community nestedness was assessed by NODF computation followed by significance estimation by aleatorization, and factors explaining species richness and bird abundance were analyzed through General Linear Models fitted with environmental variables measured on official vegetation maps and orthophotos. Bird communities in drove roads were significantly nested, showing high predictability in the order of species loss from better preserved sites to those under stronger environmental pressures. Accordingly, Poisson regression showed bird richness to decrease strongly with distance from the closest Natura 2000 site and to increase with forest cover at the landscape and at the drove road scales. Bird abundance increased strongly with distance from urban areas and motorways, and it was slightly higher in areas with more forest cover and in transects with less bare ground. These results, and the higher relevance detected for landscape scale variables (500 m around transects) than for those at the drove road (50 m) scale, show that (i) they can only play a secondary role as habitat for nesting birds but (ii) they may add to the Green Infrastructure strategy as facilitators or stepping stones for bird communities if the surrounding landscape is favorable for them.
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1. Introduction


Nature conservation in densely populated areas represents a challenge whose success relies on the protection of core conservation areas interconnected either by ecological corridors or by landscapes that keep at least a relevant fraction of biodiversity [1]. Climate changes make the conservation of interconnected areas even more relevant since many species will have to shift their occupation areas to follow the displacement of their optima [2,3,4]. The European Union is a paradigmatic case in this sense due to its population density, long history of human occupation and extent of cultural landscapes dependent for centuries on human activities [5,6]. In order to achieve its conservation objectives, the EU has thus combined the traditional focus on the conservation of sites through the Natura 2000 network with an increased attention to the connection between them by the ‘blue’ and ‘green’ infrastructures [7,8,9]. Thus, the conservation of rivers and gallery forests is a core objective due to both their condition of habitats under strong human pressure and their potential to connect protected areas thanks to their extent and spatial continuity [10,11]. In parallel, the need to provide ecological connectivity to the Natura 2000 Network has been defined as a priority to be faced by either the definition of a network of ecological corridors or the implementation of a conservation-focused management of territories between protected sites [12,13]. Therefore, the green infrastructure is seen as the potential instrument to complement the protection of sites by improving the long-term stability of conservation objectives and providing multiple benefits for wildlife, human activities and the population living in towns or the countryside [7,14,15]. However, the best procedure to achieve the objectives of ecological networks is under debate since it should rest on a balanced analysis of the specific conservation needs and outcomes provided by interventions on core areas, corridors and the matrix [16,17]. Accordingly, the green infrastructure potentially embraces built areas, gardens and urban parks together with landscapes under agrarian use and ecological corridors cutting across the countryside. However, this approach risks green infrastructure to become a panchreston including too many elements of unknown benefits, as well as to focus on the spatial arrangement of such elements based on their physical presence (contiguity) without formal attention to their actual functionality (connectivity) [17,18].



Drove roads, the paths traditionally used to move livestock between villages and among grazing grounds (Figure 1), have a high potential to fulfill the needs of the green infrastructure [8,19]. Three reasons support this point: (i) they are continuous tracks of land cutting across the whole territory; (ii) they reach great lengths and (iii) they may cover a relevant area in many places. For instance, in Spain they span over 125,000 km and cover roughly 1% of the country [20]. Such lengths and their network nature have called the attention for their potential as ecological corridors [21,22]. Moreover, their condition of public lands preserved for livestock movements precluded ploughing since remote times, thus allowing the maintenance of interesting ecological processes within them. The proposal of drove roads as ecological corridors is mainly grounded in contiguity approaches, but there is some information about their actual functional roles. For instance, traditional movement of herds along them transports seeds and invertebrates between landscape patches spread over large areas, improving connectivity and allowing long distance colonization processes [23,24,25]. As a drawback, drove roads are in general narrow (15–75 m in the Spanish case, [26]), and this may hinder their capacity to provide refuge or connectivity to large bodied species with wide home ranges such as many mammals or birds [27]. Moreover, edge effects could predominate in them [18].



Birds are a flagship group for ecological conservation and environmental education due to their high species diversity and the variety of ecological roles they play, as well as for their attractiveness to humans [28,29]. Several species live even in the center of large cities but bird communities lose species and frequently have reduced bird numbers along gradients of human pressure, represented by reductions in tree and shrub cover, homogenization of habitats and edification [30,31,32]. Thus, bird communities in urban and sub-urban areas include only a fraction of the regional species assemblages or they are combinations of native with non-native species [33,34]. A nested organization of bird communities along gradients of human pressure has been described, where more tolerant species are a predictable subset of those present in species-rich communities of well-preserved sites [35,36]. Such sites are frequently forest remnants that harbor less tolerant species and those of more specialized requirements [37,38], though this process is less pronounced in temperate areas [39]. Nest predation has been blamed as a key process underlying this pattern, since it is consistently higher in the agrarian landscapes and in the margins of croplands than inside deep forests of several regions [40,41].



Therefore, bird conservation in densely populated areas depends on the maintenance of natural vegetation remnants but also on the connectivity among them [42,43,44]. Although flight allows birds to reach distant points, even within the urban matrix, ecological corridors are also useful for them [31,45,46]. In the case of agrarian landscapes in the Mediterranean, species richness decreases with the loss of forest cover and with the reduction of available microhabitats [37,47]. Moreover, forest species are substituted by others typical from open ground in croplands, and diversity is largely reduced in areas with more intensified agrarian practices [37]. Distance or isolation from forest patches further reduce bird species richness in remnants [47,48]. From this perspective, the areas free of agrarian activity can act as local refuges allowing forest species to nest, and the contribution of drove roads to the green infrastructure will depend on the relative relevance of local and landscape effects, and on the intensity of human pressure suffered by them [11,44]. Additionally, the increased activity of predators in edges of agrarian landscapes could hinder the occupation or reproduction of birds in drove roads [41,49].



The main objective of this study is to describe bird communities in drove roads crossing agrarian landscapes and potentially acting as refuges or corridors between Natura 2000 sites of a densely populated region. In short, we (i) analyze whether bird communities in the reproductive season change abruptly in the drove roads crossing agrarian areas or if they just show a reduction in species richness associated with human pressures. In the latter case, we would predict bird communities in drove roads crossing areas under stronger human pressure to be a predictable (nested) subset of those present under lower pressure. Agrarian landscapes would thus represent mid-resistance surfaces (the fewer the species loss, the lower the resistance) for the connectivity between conservation areas, while a total substitution of species could be interpreted as the presence of a strong barrier between them. Moreover, we (ii) aim to know whether birds respond mainly to the small-scale habitat structure provided by drove roads, thus acting as bird reproductive refuges, or if bird presence is more related to the wider landscape (the matrix), be it in the form of habitat configuration or of distances to protected sites or perturbation sources. In this second case, the role of drove roads for bird conservation would be minor, and it would be related to some capacity to improve connectivity between protected sites.




2. Methods


2.1. Study Area and Sampling


The study was conducted in 19 sections of main drove roads connecting Natura 2000 sites in Madrid Region, Central Spain (Figure 2). All sampling sections were located on gently undulating landscapes developed on Tertiary sands. Altitude ranges between 580–780 m asl and climate is Mediterranean with a dry summer lasting from June to September. Holm oak (Quercus rotundifolia) forests covered the area in ancient times but most of it has been cultivated for centuries, and it now keeps a mosaic of dry crops, terophite grasslands, tall Retama sphaerocarpa scrubs, low scrubs (Lavandula stoechas, Thymus spp.) and forest patches dominated by Holm oak and Juniperus oxycedrus. Due to scarce and irregular rains, and the permeability of substrata, most creeks carry water only in autumn and winter, and they support dense Rubus spp. and Rosa spp. scrubs. Permanent rivers have forest belts dominated by Salix spp., Populus spp., Alnus glutinosa and Fraxinus angustifolia.



The area embraces by the North and West the conurbation of Madrid (a total of ca. 5.5 million inhabitants, with densities of 200–2000 inhabitants by square kilometer in most counties), but towns are in general compact and they leave large tracts of agrarian landscapes in between. The sampled drove roads are located between Natura 2000 sites ES3110001 (Cuencas de los Ríos Jarama y Henares), ES3110003 (Cuenca del río Guadalix), ES3110004 (Cuenca del Río Manzanares), ES3110005 (Cuenca del Río Guadarrama) and ES3110007 (Cuencas de los ríos Alberche y Cofio). These protected areas maintain large patches of forest and they follow the larger rivers in the Region, with a North–South direction. Between Natura 2000 sites, tracts of land 5–15 km wide are covered by a mixture of crops, grasslands, forests and some scattered human activities (industrial, residential, sport facilities, etc.). Drove roads cross these landscapes and frequently sustain more tree, scrub and permanent grassland cover than their immediate surroundings. They have an unpaved track in the middle (4–6 m width), but transit of motorized vehicles is restricted in them to agrarian machinery, access to farms and patrolling activities, while their use is free for bikes and pedestrians. Transects were carried out in drove road sections at distances between 0 and 7098 m from the nearest Natura 2000 site.



Sampling was performed in a 1000 m line transect of each drove road section, with a minimum distance of 519 m between them. Bird sampling was carried out in spring 2020 by walking through the center of the drove road (21–75 m wide) and taking note of birds heard or seen in a 25 m band at each side of the observer [50]. Birds seen crossing the transect in flight were also noted to have a complementary record of large birds and for those species (e.g., swallows and swifts) that spend most of the time flying, sampling was performed by one observer walking at ca. 2 km/h with 10 × 42 binoculars and a laser rangefinder (Leica Rangefinder 1200) used to avoid the inclusion of observations outside the sampling band but close to it [50]. Each transect was sampled once along the spring, always within the first three hours of the morning in days without rain or strong wind.



We used a geographic information system (GIS) to extract potential explanatory variables of three types (Table 1): (i) ground cover at a local scale (drove road scale hereafter), defined using a 50 m buffer around the transect line; (ii) ground cover at the landscape scale (500 m buffer around transect line) [51] and (iii) distance of transects to forest, to protected areas and to main sources of human perturbation. At the local scale we distinguished eight land cover types: bare ground, urban, crops, grassland, low open scrub, Retama sphaerocarpa scrub, riparian vegetation and Holm oak forest. Percentage cover of each type was estimated visually on 25 cm-resolution digital orthophotos accessible online [52] and corroborated by fieldwork. The same land cover types (with urban and bare ground lumped together) were extracted from the 1:50,000 vegetation map published by Madrid Region [53]. The distances from each transect to the nearest Natura 2000 site, to the closest urban area or motorway and to the nearest forest patch larger than 5 Ha were also calculated with ArcGIS 10.7.1 [54].




2.2. Data Analyses


In order to know if bird communities show a predictable structure linked to a conservation–degradation gradient [35], ‘nestedness’ was analyzed with NeD software [55]. Nestedness appears when the species composition of small assemblages are nested subsets of larger ones, a pattern produced if disturbance triggers an ordered sequence of species absences along a disturbance gradient due to distinct interspecific susceptibilities to it [56]. To test for the significance of the pattern observed in an experimental case, nestedness analyses use a standard index computed from the observed data and the randomization of the original matrix of presences and absences to obtain a probability estimation for the observed value of the index. NODF (Nestedness index based on Overlap and Decreasing Fills) [56] was used in our case to measure nestedness but other indexes of common use (Matrix Temperature -MT-, Brualdi and Sanderson Discrepancy -BR-) showed similar results. The probability associated with the NODF value obtained was assessed by 999 permutations with proportional column and row totals, and the optimally packaged matrix is presented as a visual aid for interpretation.



In parallel, we analyzed if bird richness or abundance in transects is associated with the three types of explanatory variables presented above. For each response variable we first built a model with explanatory variables of only one type, selecting the best model according to its AIC value. In a second step we built a final model with variables of the three types by the same procedure, though allowing only the inclusion of variables selected in the first step.



Poisson regressions were used for models of species richness by transect, and linear models were fit to abundance data (log-transformed to reduce the weight of bird flocks). Prior to model building, we checked that the only variables strongly correlated between them (|r > 0.7|) were the cover of grasslands and the cover of crops at the drove road scale, which are complementary (r = −0.734) and therefore they were not tested together. McFadden pseudo-r2 (R2) of models is used to inform about relative fit [57], and for final models we present the basic statistics of parameters included in them corrected for overdispersion. Model residuals were checked visually on P-P and predictions vs. residuals plots.



Finally, for the whole set of species, and species-by-species for those present in more than 50% of transects, we checked for the correlation between abundance and species richness of the transect. This was tested by Pearson correlations between species richness in transects and the number of birds of each abundant species (or the total). As above, bird abundances were log-transformed prior to analysis.



Linear models and correlation analyses were carried out with Statistica 8.0 [58] with the significance threshold fixed at p < 0.05.





3. Results


A total of 36 species were detected within transects (mean ± SD 8.3 ± 3.4 species/transect), with an estimated density of 705 birds/100 Ha (Table S1). House Sparrow (Passer domesticus), Eurasian Magpie (Pica pica), Crested Lark (Galerida cristata), Spotless Starling (Sturnus unicolor) and European Serin (Serinus serinus) were detected in more than 50% of the transects, and four more species with 32–42% presences: Common Wood Pigeon (Columba palumbus), European Goldfinch (Carduelis carduelis), Sardinian Warbler (Curruca melanocephala) and Eurasian Blue Tit (Cyanistes caeruleus). Moreover, 15 species were only detected in flight over transects, including 7 raptors: Cinereous Vulture (Aegypius monachus), Red and Black Kites (Milvus milvus and M. migrans) and Booted Eagle (Hieraaetus pennatus). Other species commonly detected flying over the transects were Common Swift (Apus apus), Common Wood Pigeon (Columba palumbus), Barn Swallow (Hirundo rustica) and Western Cattle Egret (Bubulcus ibis) (Table S1).



Bird communities in drove roads showed a significantly nested structure (observed NODF = 41.58; Z = 7.13; p < 0.001) so that the arrangement of transects by decreasing richness makes evident both a progressive drop of bird species and the presence of a core of common species in most transects (Table 2).



Explanatory models of species richness built with variables at the drove road scale (McFadden R2 = 0.36) and with distances (McFadden R2 = 0.35) showed similarly good fit, with two predictor variables in each case: Holm oak cover and urban in the former, and distances to Natura 2000 and to forest patch in the latter. The model built with landscape scale variables showed a poorer fit (McFadden R2 = 0.25) and it included the variables forest cover and riparian vegetation cover. The final model showed a much better fit (McFadden R2 = 0.55), and it included one variable from each original set (Table 3). According to this model, bird richness in transects decreases with the distance from the closest Natura 2000 site, increases with forest cover in the 500 m surrounding it and also (marginally, non-significant) with the cover of Holm oaks present in the drove road.



The explanatory model of bird abundance in drove roads based on distances was the most powerful one in the first modeling step (McFadden R2 = 0.46), and it included only the variable distance to a source of human perturbation (town or motorway). It was followed with a lower explanatory power by the model of variables at the drove road scale (McFadden R2 = 0.25) that included the cover of bare ground and that of Retama sphaerocarpa scrubs. The model built with variables at the landscape scale was less informative (McFadden R2 = 0.15) and it included only the forest cover. Accordingly, the final model (McFadden R2 = 0.57) included the variables’ distance to human perturbation, bare ground cover at the drove road scale and forest cover at the landscape scale (Table 4). The parameters of the model show that bird abundance increases with the distance from areas with strong human perturbation. A (marginal) tendency was found for a reduction in bird abundance in transects with more bare ground, and also for a (non-significant) increase with the cover of forests at the landscape scale.



Bird abundance and richness in transects was correlated only marginally (r = 0.397; n = 19; p = 0.092) and among the five more frequent species the abundance of House Sparrow was higher in transects with fewer species (r = −0.468; p = 0.046). On the contrary, correlations for all other species were absent (|r| < 0.23 with p > 0.347 in all cases) with both cases where the tendency was negative (Eurasian Magpie and European Serin) and positive (Eurasian Skylark and Spotless Starling).




4. Discussion


Our results show that drove roads crossing agrarian landscapes in a densely populated region have bird communities impoverished in comparison to those closer to protected areas with oak forests, but that they maintain a fraction of the original species assemblage in them. Moreover, bird species richness in drove roads decreases with distance from Natura 2000 sites and in areas with less tree cover, suggesting that drove roads in these landscapes may play only a minor role as refuges for birds though they could somewhat improve connectivity between protected areas dominated by woods.



Bird communities in the drove roads of the agrarian and peri-urban study area surrounding Madrid are not characterized by a sharp substitution of forest species by anthropophiles, but they show a progressive (nested) loss of the less tolerant species linked to gradients of human pressure [30,35]. In this way, they can be interpreted as part of a bird meta-community occupying the whole area [59,60] as they can participate in the balance of processes (reproduction, mortality, dispersal) that lead to the temporal occupation or disappearance of species from different landscape patches [61,62]. Thus, drove roads in the area provides a habitat for the reproduction of several species, even though the core of the assemblage is composed of synanthropic species such as the House Sparrow and Eurasian Magpie and specialist species are underrepresented among them [63]. In fact, some forest specialists present in forest patches of the area (e.g., Long-tailed tit –Aegithalos caudatus–, Short-toed Treecreeper –Certhia brachydactyla–, Great Spotted Woodpecker –Dendrocopos major– [64]) were not detected during sampling, and probably only wandering individuals in autumn and winter use drove roads. In the case of more tolerant species, they could be subordinate individuals with a lower reproductive success than those occupying core protected areas acting as sources for colonizers [65].



Additionally, drove roads provide feeding grounds for several species of concern such as the Cinereous Vulture and Red Kite, classified as near threatened at global and European scales [66]. Apart from these species directly seen flying over the drove roads during sampling, the globally vulnerable Spanish Imperial Eagle (Aquila adalberti) [67] was observed twice during fieldwork flying and resting on a treetop around the sampled transects. From the perspective of raptors, it is noticeable that drove roads harbor rabbit (Oryctolagus cuniculus) populations denser than the surroundings, probably as a result of the stability of soil and vegetation in them [68]. A relevant issue regarding any benefit of drove roads for biodiversity is that their status of conservation is linked to their ancient agrarian use and public property, and their management for moving livestock (no tilling, vehicle exclusion, etc.) is also positive for birds, which means that they can be seen as an efficient (cost-free in fact) support to conservation objectives thanks to multifunctionality [12,14,16].



Species loss runs in parallel to a minor reduction in total bird abundance in drove roads, though these processes are not tightly linked and bird abundance in our case is driven by urban pressure more than by habitat modification. Thus, the correlation between species richness and abundance is very weak (marginally significant) as a byproduct of differential responses among species. The only relevant case detected is a compensatory increase in House Sparrow abundance in transects with fewer species. This is a remarkable case since it is the core species of the bird communities in drove roads and it was detected in all transects, while its decline has been reported in large areas of North-western Europe under urban pressure [69,70]. Probably, the agrarian landscapes in the study area still maintain a combination of foraging grounds, refuges and nesting sites in small constructions favorable for the House Sparrow, and the kind of agrarian practices positive for their populations [71,72]. According to the final model, total bird abundance in drove roads is related to distance from towns and motorways [44,73] and not or very weakly to the habitat characteristics that drive their species richness (see below). Noise could underly these results, since it is a pervasive perturbation in the proximity to human settlements and roads, and it has been blamed as a major stressor of birds [74,75,76]. However, noise effects may differ among species and observed changes in bird communities close to human infrastructure may be the result of a combination of several pressures and cascading effects deserving further analysis [77,78].



Therefore, drove roads may have some interest as refuges for birds, though mainly related to the habitat characteristics of the surrounding matrix and only secondarily to habitats provided by the drove road itself. This is evidenced by the two variables significantly explaining bird species richness, namely forest cover at the 500 m scale and distance to the nearest Natura 2000 site. The leading role of forest cover can be interpreted in terms of the anthropic nature of these cultural landscapes whose original forest and scrub cover was cleared in ancient times to leave place for crops and sheep grazing [79]. Accordingly with this origin, forest remnants in the area are the main reservoirs for bird communities and drove roads close to them keep the most species-rich assemblages [37,80,81]. It is important to note here that the agrarian areas sampled here differ from those present in the Iberian Peninsula (even in other areas in Madrid) that maintain bird communities of high conservation relevance [82] with populations of Bustards (Otis tarda, Tetrax terax), Sandgrouses (Pterocles alchata, P. orientalis) or Harriers (Circus pygargus C. cyaneus) typically form steppe-like habitats. The role of drove roads present in these areas would deserve attention, since the presence of stable habitat patches in them is good for several steppe birds [37], but it could promote the presence or activity of nest predators [49].



The two variables at the drove road scale included in the final models (cover of Holm oak forest and of bare ground) fit with a general relevance of forest cover for birds in the area and inform about a minor additional role of the habitat provided for them by the drove road itself. The presence of some Holm oak cover in drove roads promotes bird species richness and bare ground cover is related to lower bird abundance, but the effect of both variables in final models is only marginal. Such a limited relevance in comparison with variables of the wider landscape is not surprising taking into account the linear and narrow structure of these habitats (20–100 m width [20]) and the fact that birds usually respond to landscape structure at scales of hundreds of meters [10,44,51].



In any case, the distance to the nearest Natura 2000 site is the variable with the strongest explanatory power of bird species richness in the drove roads of the study area. This fact depicts a situation where the wooded protected areas function as core areas for bird communities, and agrarian landscapes around them are buffer areas that support bird communities progressively impoverished with distance [44,47]. In such a context, the agrarian landscapes and drove roads between Natura 2000 sites probably play a complementary role in the spatial mosaic of bird communities whose diversity reflects the spatial configuration of forest and open patches [83]. Such complementarity increases the stability of whole communities by smoothing changes in the populations of more generalist species [62,84], as suboptimal sites provide some nesting habitats to receive individuals dispersing from core areas, but they can also provide on other occasions individuals to reinforce or recolonize the core areas [85]. In this context, the better preserved (or restored) the forest fragments remaining along the drove roads, the larger the complementary service for the protected areas they can play.



From an ecological connectivity perspective, drove roads could be envisioned as preferential throughways for birds between protected sites due to their capacity to reduce the resistance of open agrarian landscapes for forest birds [22,86]. Public management of drove roads with limitations of use may help this process in three ways. Firstly, drove roads are continuous stretches of land between protected sites and harbor part of the bird community as evidenced in this study. Secondly, the absence of intensive agrarian practices in them (clearing, ploughing, use of chemicals) and public management give them more stability compared with their surroundings, thus favoring birds [37,87]. Finally, drove roads also include 5–60 Ha resting areas and watering points along their way that could act as stepping stones if properly managed and/or restored [21]. In any case, these drove roads in densely populated areas suffer strong human pressure that also needs attention [21,88]. Rubble dumping is common among such activities, and leisure activities span all the range of potential impacts from hiking and mountain bike riding to illegal off-road vehicle driving [89,90]. Thus, management should pay attention to all these potential activities in order to be successful while it must give priority to its prescribed main use, namely the transit of livestock between grazing grounds [21,26]. From this perspective, throughout afforestation of drove roads is not an optimal solution since it would reduce the grass offer to moving animals and affect plant and arthropod communities [20]. However, scattered planting of holm oaks (to reach less than 30% cover, Table 1) or the protection of natural regeneration could provide some shade to herds as well as nesting sites for birds. This action could be of negligible cost, probably beneficial for livestock and it would improve their value for birds as shown here for the reproductive season, while having minimum impacts on soil and arthropods if carried out without heavy machinery.



This study informs about the actual role of drove roads providing habitat for birds during the breeding season in a densely populated agrarian region, though it has several limitations which should be taken into account for future research and potential application. Regarding the dataset, it is restricted to a single visit in one year and it may therefore be incomplete and does not attend to interannual variability. Additionally, species presence and abundance should be complemented with data on their reproductive parameters in order to attain a better picture of the functional role of drove roads in the bird communities of the area. Finally, even though a couple of sampling sites were located within or beside Natura 2000 sites, all comparisons here are restricted to birds sampled in drove roads, without a supplementary set of transects across forests free of tracks which would set the appropriate baseline for bird communities in well preserved sites of the region. These points, together with the study of bird communities in winter and during migration, could form the basis for a comprehensive analysis of the conservation value of drove roads for birds, useful to decide the best conservation actions to be taken for biodiversity in them attending to their primary role as transport infrastructures for livestock and shepherds.



In conclusion, drove roads can play some role in bird conservation but more as potential connectors between Natura 2000 sites than as refuges and habitats for birds due to the small amount of habitat provided by them. Thus, it is important to note that it is the wider landscape crossed by drove roads that allows the partial maintenance of bird communities, and that the whole agrarian matrix must keep some permeability for them. Under this situation, drove roads could work as backbones for the green infrastructure connecting Natura 2000 sites in densely populated areas by providing some extra habitat for nesting birds, and by giving some continuity across the agrarian landscape to the more stable wooded areas under formal protection.
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Figure 1. A drove road crossing croplands in Madrid Region. Note the extent of unploughed land and the development in it of permanent grasslands with Retama spaerocarpa shrubs. 
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Figure 2. Study area: general location maps (above) and local situation of transects (black dots) around Madrid (below). In the latter figure, Natura 2000 sites are depicted in green and grey areas correspond with urban areas (Madrid city and its conurbation). 
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Table 1. Variables tested in explicative models of bird richness and abundance in transects carried out in drove roads. Variables are organized in the three potential explanatory sets used for initial models, and descriptive values for sampled transects included for informative purposes.
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Variables

	
Mean ± SD [Max.–Min.]






	
Ground cover at the drove road (50 m buffer) scale




	
Bare ground (%)

	
7.52 ± 4.55 [0–16.0]




	
Urban (%)

	
1.00 ± 1.97 [0–6.4]




	
Crops (%)

	
26.50 ± 31.47 [0–86.9]




	
Grassland (%)

	
40.41 ± 31.35 [0–89.3]




	
Low open scrub (%)

	
1.64 ± 2.71 [0–6.9]




	
Retama sphaerocarpa scrub (%)

	
16.79 ± 24.84 [0–79.0]




	
Riparian vegetation (%)

	
1.24 ± 2.99 [0–12.0]




	
Holm oak forest (%)

	
5.14 ± 9.73 [0–34.8]




	
Ground cover at the landscape (500 m buffer) scale




	
Urban and bare ground (%)

	
8.44 ± 17.39 [0–69.5]




	
Crops (%)

	
34.22 ± 33.58 [0–86.3]




	
Grassland (%)

	
10.76 ± 15.68 [0–53.3]




	
Low open scrub (%)

	
0.94 ± 2.16 [0–8.1]




	
Retama sphaerocarpa scrub (%)

	
20.35 ± 20.43 [0–62.0]




	
Riparian vegetation (%)

	
1.99 ± 2.25 [0–7.2]




	
Holm oak forest (%)

	
23.29 ± 33.36 [0–96.6]




	
Location of the transect




	
Distance (m) to the nearest Natura 2000 site

	
2254.2 ± 2044.0 [0–7098]




	
Distance (m) to the closest urban area or high capacity roads

	
734.3 ± 570.4 [35.3–2052]




	
Distance (m) to the nearest forest patch larger than 5 Ha

	
486.7 ± 602.9 [0–2391]
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Table 2. Nested structure of bird communities sampled in drove roads. Bird species (rows) and transects (columns) are organized to show species presences (gray squares) optimally packed close to the upper-left corner. Species richness of each transect is shown under the ‘nestedness diagram’.
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Species

	
Presence in Transects






	
Passer domesticus

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Pica pica

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Galerida cristata

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Sturnus unicolor

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Serinus serinus

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Columba palumbus

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Carduelis carduelis

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Curruca melanocephala

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Cyanistes caeruleus

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Turdus merula

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Miliaria calandra

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Saxicola rubicola

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Lullula arborea

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Fringilla coelebs

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Sylvia atricapilla

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Alectoris rufa

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Carduelis cannabina

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Luscinia megarhynchos

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Parus major

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Cyanopica cyanus

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Lanius senator

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Bubulcus ibis

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Corvus corone

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Periparus ater

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Myiopsitta monachus

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Upupa epops

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Hippolais polyglotta

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Motacilla alba

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Clamator glandarius

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Curruca cantillans

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Chloris chloris

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Ficedula hypoleuca

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Picus viridis

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Cettia cetti

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Streptopelia decaocto

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Merops apiaster

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Species richness

	
14

	
13

	
13

	
12

	
11

	
11

	
10

	
9

	
9

	
8

	
7

	
7

	
6

	
6

	
5

	
5

	
5

	
4

	
3
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Table 3. Results of the best Poisson regression model explaining bird species richness in drove roads as a function of variables at the landscape and drove road scales.
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	Variables
	Estimate ± SD
	Wald Statistic
	p





	Intercept
	2.13965 ± 0.11220
	363.63
	<0.0001



	Distance to Natura 2000 site
	−0.00012 ± 0.00004
	8.20
	0.0042



	Forest cover (500 m)
	0.00560 ± 0.00224
	6.23
	0.0126



	Holm oak forest (50 m)
	0.01254 ± 0.00683
	3.37
	0.0665
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Table 4. Results of the best linear regression model explaining bird abundance (log-transformed) in drove roads as a function of variables at the landscape and drove road scales.
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	Variables
	Estimate ± SD
	Wald Statistic
	p





	Intercept
	1.33285 ± 0.09783
	185.62
	<0.0001



	Distance to urban areas
	0.00026 ± 0.00007
	13.00
	0.0003



	Forest cover (500 m)
	0.00200 ± 0.00123
	2.62
	0.1057



	Bare ground (50 m)
	−0.01580 ± 0.00883
	3.20
	0.0738
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