

  birds-02-00002




birds-02-00002







Birds 2021, 2(1), 23-41; doi:10.3390/birds2010002




Article



Effect of Transhumant Livestock Grazing on Pseudo-Alpine Grassland Bird Communities



Evangelos G. Kotsonas 1[image: Orcid], Dimitrios E. Bakaloudis 1,*[image: Orcid], Christos G. Vlachos 1, Eleni M. Abraham 2[image: Orcid] and Vassilis Goutner 3





1



Laboratory of Wildlife and Freshwater Fish, School of Forestry and Natural Environment, Aristotle University of Thessaloniki, P.O. Box 241, 54 124 Thessaloniki, Greece






2



Laboratory of Range Management, School of Forestry and Natural Environment, Aristotle University of Thessaloniki, P.O. Box 241, 54 124 Thessaloniki, Greece






3



Laboratory of Zoology, School of Biology, Aristotle University of Thessaloniki, P.O. Box 134, 54 124 Thessaloniki, Greece









*



Correspondence: debakaloudis@for.auth.gr; Tel.: +30-2310-992684







Received: 2 November 2020 / Accepted: 6 January 2021 / Published: 12 January 2021



Abstract

:

Simple Summary


Transhumance is a human activity that shapes the high-altitude grasslands around the Mediterranean for centuries. However, research on the effects of this husbandry system on birds is limited. In this study, we investigated the effects of grazing transhumant livestock on the pseudo-alpine grassland breeding bird communities in the Pindos Mountains, Central Greece. Two breeding bird surveys were conducted, using 60 point counts, in grasslands with no, low and high grazing intensity to determine whether the bird communities respond to topography and habitat structure resulted by grazing, as well. Results indicated that grasslands with low vegetation height, low height heterogeneity and increased rock cover supported richer and more diverse bird communities. Furthermore, certain bird species of high conservation value appeared to prefer each grassland. Short grass dwelling bird species are associated with grazed grasslands, while tall grass and shrub dwelling birds are associated with non-grazed grasslands. Our results suggest that in order to sustain diverse bird communities of high conservation value in the pseudo-alpine grassland, a mosaic of grazed and ungrazed areas must be retained.




Abstract


Transhumance is a traditional animal husbandry system, but its effects on grassland avian communities have not been dealt with in depth. In this study, we quantified the influence of transhumance on the grassland avifauna, in representative pseudo-alpine grasslands with no (NGG), low (LGG), and high (HGG) grazing intensity in the Pindos Mountains, Central Greece. Two point count surveys were conducted within 20 sites in each grassland during the bird breeding season of 2016. We assessed bird diversity indices and accounted for whether the recorded habitat and topographic variables were involved in their variation. A total of 25 bird species were recorded, with the grazed grasslands supporting the most species of high conservation value, while the NGG showed the highest bird diversity. Bird species richness and diversity increased with the decrease of vegetation height, vegetation height heterogeneity, and the increase of rock cover. Bird communities exhibited different patterns among the three grazing regimes and specific bird species of high conservation value appeared to prefer different grasslands. Six species preferred HGG, one preferred LGG, while two preferred NGG. Our study highlights the necessity of heterogeneous pseudo-alpine grasslands with short and tall grass areas in order to maintain highly diverse bird communities.
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1. Introduction


Humans have shaped natural ecosystems for thousands of years [1] affecting the distribution and richness of wildlife communities [2,3]. Livestock grazing is one of the most common human activities globally [4] and is used in many animal husbandry systems. Transhumance is a traditional stock rearing system in Europe, dating back to ancient times [5], where livestock exploits the upland pastures during the summer period and are moved to lowland pastures in the winter [6,7,8]. In South Europe grazing by small ruminants shaped the grasslands of the pseudo-alpine zone for centuries [6]. Nowadays, transhumance is considered a valuable practice for the management and conservation of these fragile ecosystems [9], as it involves many ecologically important management techniques that preserve the better exploitation of rangelands [10].



The impacts of grazing on wildlife have been widely studied (e.g., [11,12,13]), but they are still not well-understood. Thus, they are not universal and affect wildlife in various ways [12]. Grazing directly affects the basic wildlife habitat elements and specifically the vegetation cover, the food and the space, with both overwhelming and detrimental effects on wildlife populations [12,14]. Grazing is considered a useful land management and conservation tool [13,15], because it increases the structural diversity of vegetation and, consequently, the number of suitable microhabitats for a great spectrum of wildlife species that inhabit open landscapes [16,17]. However, both high-stocking rates and abandonment of grazing threaten grassland wildlife species [13]. Overgrazing negatively affects the survival and growth of vegetation, which in turn leads to the reduction of suitable cover and food for wildlife and especially for avifauna [12]. Overgrazing can decrease the protective shrub cover that might lead to a decrease of arthropods, the main food for many bird species, and to decreased nest cover, which leads to increased nest losses [18]. Moreover, high densities of herbivores may decrease the nesting success of ground nesting birds through trampling [13,19,20]. However, high stocking rates of sheep in Northern Europe showed positive effect on the density of alpine birds [21]. On the other hand, grazing abandonment leads to shrub encroachment into grasslands, thus making unfavorable conditions for open habitat bird species [13]. Nevertheless, the short-term abandonment can have positive effect on those species as it prevents the high encroachment of shrubs [14].



Birds are widely used as indicators to monitor the effects of livestock grazing [14,22,23] due to the wide range of niches they use, their high mobility, and their easy monitoring [24,25]. Grassland birds are highly associated with special vegetation characteristics derived from different management practices [26], with some species being particularly susceptible to habitat changes resulting from grazing regime [27,28,29]. Grazing intensity [30] and the type of grazing animal [29] affect bird species in different ways, through the shaping of vegetation structure and habitat quality [3,12,18,31]. Livestock, through its selective grazing, creates structurally heterogeneous grasslands [13,32]. Some researchers revealed that some bird species, in particular those feeding and nesting on the ground [25], as well as shrub associated species [18], were negatively affected by increasing grazing intensity [33]. Other studies showed that increased grazing benefited ground nesting and foraging bird species, whereas it negatively affected shrub-associated species [27]. These contradictory findings support the idea that grassland bird species require a mosaic of habitats because each species preferences varies widely from tall and dense to short and sparse vegetation [12,34,35]. Also, bird species that share common ecological traits and life histories tend to respond in the same way to ecological changes [36]. Consequently, conservationists may use grazing to diversify grasslands in favor of grassland bird species [12,35].



Meanwhile, during the last decades the socioeconomic changes in Europe affected the rural population activities with cascade effects on the landscape [37,38] and consequently, on the biodiversity [39]. Human activities are responsible for a great loss of global biodiversity [40,41] severely affecting the alpine ecosystems [42] and the alpine wildlife populations changed through habitat modifications [43]. Nevertheless, a long-term study on Scandinavian mountains revealed that grazing by Reindeers (Rangifer tarandus) held the grassland habitats stable over the years leading to a stable alpine bird community with fluctuations for some species [44]. Transhumance is a deterministic force shaping natural alpine and pseudo-alpine grasslands for centuries but has disappeared in most European countries without extensive research of its ecological effects [10]. However, in South Europe, transhumance still exists albeit with a declining trend [45], leading to progressive woody vegetation encroachment [46] in alpine grasslands with consequences on avian communities [45].



The relationship of transhumance with wildlife has received little attention [45] and the consequences of transhumance abandonment and its different stocking rates on bird communities of the pseudo-alpine zone have not been studied yet at all. Therefore, it is important to understand the effects of transhumant livestock grazing on birds in the fragile pseudo-alpine grassland ecosystems. Within this context, our study aimed to examine how avian communities respond under different grazing regimes caused by transhumant livestock in pseudo-alpine zone. This study focused on natural grasslands occupying the pseudo-alpine zone with and without grazing transhumant herds during the summer period, whose structural vegetation characteristics evolved due to the presence and absence of livestock, respectively. The way that avian communities respond to habitat variables was analyzed in order to highlight the importance of transhumance in maintaining high quality habitats for the conservation of the threatened pseudo-alpine grassland avifauna.




2. Experimental Section


2.1. Study Area


The study was carried out in the pseudo-alpine zone of the South Pindos Mountain Range (hereafter Pindos Mountains), in the Trikala Prefecture in Thessaly, Central Greece (Figure 1). The climate of the study areas is montane with a uniformly distributed precipitation among the seasons. Mean annual precipitation is 1213 mm and mean monthly temperatures range from 3.2 to 13.6 °C. The highland areas of the Pindos Mountains are dominated by stony grasslands, composed by the typical vegetation of the Daphno-Festucetalia zone and used by transhumance livestock during the warm period (May–October) of each year. At the end of May, shepherds move their livestock from lowland plain areas in Thessaly to the summits of the Pindos Mountains, where they graze until October when they move back to lowlands. Each summit supports a specific number of small ruminant herds due to the variation in surface and topography. It must be noted that finding grasslands in the pseudo-alpine zone of the mountainous areas in Greece that have a uniform topography and are not affected by grazing livestock is almost impossible since the region has a great topographic variability and has been affected by transhumance for thousands of years. The recreational activities in the area include hunting (especially of Galliformes) during the autumn and winter months (hunting season).



In our study, the grazing regime was determined through intensity and it was estimated by interviewing the shepherds. The grasslands under different grazing regimes were chosen according to the number of grazing livestock, and we assume that they were the most representative of pseudo-alpine zones above the tree-line, and are categorized as follows:



Non-grazed grassland (NGG): This grassland covered an area of 427 ha approximately and extended between 1420 and 1935 m above sea level (asl). Since 1998, the area has been under environmental management regulation, with a ban on grazing being the major measure.



Low grazing intensity grassland (LGG): This grassland is situated within a Special Area of Conservation (“Kerketio Oros” GR1440002) of the “Natura 2000” network, and extends between 1335 and 2066 m asl. It covers 424 ha approximately and isgrazed by two mixed herds of sheep and goats comprising 873 animals (2.06 animals per ha).



High grazing intensity grassland (HGG): This grassland is located in the northeast part of the National Park of Tzoumerka, and it covers 421 ha, approximately. Altitudes range between 1310 and 1846 m asl. This area is characterized by high transhumance with three large mixed herds which consisted of 3491 grazing sheep and goats (8.29 animals per ha).




2.2. Avian Community Survey


We used a 50-m fixedradius point count to sample 60 randomly allocated points (20 points in each grassland) across the three grazing regimes during the breeding season of birds (from June to July) in 2016 [47]. In order to record sedentary and migrant breeding bird species, two surveys were conducted in each census point from 8 June to 9 July. The three studied grasslands had an average distance of 23.5 km between them and in each grassland the points were separated by a minimum of 200 m to avoid double-counting of individual birds at adjacent sites. Point counts were conducted early in the morning and lasted 15 min [48]. During the first 10 min one observer (the same person for both surveys) stood still and quiet at the centre of the plot, while for the last 5 min he moved around and stopped at suitable vantage points to record all seen or heard individuals within the circular plot. Observations of birds flying over during the surveys were not included. Surveys were not conducted in rainy or windy days to reduce problems of detectability. The precise location of survey points was determined by a handheld GPS.




2.3. Habitat and Topographic Variables


To determine how the grassland structure changed in relation to grazing regime, we measured 6 habitat and 3 topographic variables within each circular plot. A 50 m measurement tape was placed with south-north orientation bisecting each point count. We measured the percent of ground cover (herbaceous vegetation, fern, rock and bare ground cover) and herbaceous vegetation height (H) every 1 m on the interceptions of the measurement tape on the ground. At 1 m intervals on the interception of the tape to the ground, a steel rod was placed, and the ground category touched by the rod was recorded. Vegetation height was measured by the use of a measurement meter. In each circular plot (r = 50 m) we recorded the presence/absence of shrubs. For each survey point topographic variables included slope, altitude and aspect were derived on the center of the plot from a digital elevation model (DEM) in a geographic information system (GIS) archive (ArcGis 10.2.2). We estimated the percent of every ground cover category as the number of intercepts divided by the total intercepts (50) multiplied by 100. The vegetation height was the mean value of the 50 measurements taken. Moreover, we calculated the heterogeneity of vegetation height (CV) by the equation CV = H/SDH × 100, with SDH the standard deviation of H. All habitat measurements were carried out during May 2016, prior to grazing by livestock [49] which moved to the area by the shepherds during the first week of June.




2.4. Data Analysis


2.4.1. Bird Diversity


The total bird species diversity of the three grasslands was expressed using four indicators: the species richness (S), the weighted-species richness (WS), the Shannon diversity index (H′) and the Smith and Wilson’s index of evenness (Evar) [50,51]. The S was expressed as the total number of different bird species recorded in each grassland during the two surveys. The WS was expressed as the species richness in each grassland, but each species was multiplied with a different weight based on its conservation status (SPEC category) [52]. Species whose global population is concentrated in Europe, but whose European population status is currently considered to be secure (Non-SPECE) and species whose global population is not concentrated in Europe, and whose European population status is currently considered to be secure (Non-SPEC), were given a weight of 1. Species whose global population is not concentrated in Europe, but which is classified as regionally extinct, critically endangered, endangered, vulnerable, near threatened, declining, depleted or rare at European level (SPEC 3) were given a weight of 2. Species whose global population is concentrated in Europe and which is classified as regionally extinct, critically endangered, endangered, vulnerable, near threatened, declining, depleted, or rare at the European level (SPEC 2) as well as the species of the Annex I of the European Directive 2009/147/EE were given a weight of 4. Finally, European species of global conservation concern, i.e., classified as Critically endangered, endangered, vulnerable, or near threatened at the global level (SPEC 1), were given a weight of 6. Also, the bird diversity was calculated on every point count and expressed as mean ± standard deviation (S.D.). The mean species richness (Smean) was expressed as the total number of different bird species recorded in each point count during the two surveys, the abundance (A) was expressed by the use of the maximum number of individuals of every species recorded during the two surveys in each point count and the bird diversity (Η′mean) was calculated by the Shannon diversity index per point count.




2.4.2. Comparison of Environmental Variables and Bird Diversity Indices


The habitat and topographic variables (mean ± 1 standard error (S.E.)), the abundance of every bird species (mean ± S.D.), and the mean bird diversity indices (mean ± S.D.) (Smean, A, Η′mean) were compared between the NGG, LGG and HGG. We tested for differences between the variables among the three grazing regimes by employing a one-way analysis of variance (ANOVA), while the equivalent non-parametric Kruskal–Wallis test with multiple comparisons was used when the assumption of normality was violated. Pair-wise tests between the variables were also employed. Normally distributed variables were analyzed using t-test for independent samples. Those variables not meeting normality assumptions were analyzed using the non-parametric post hoc Dunn’s test with Bonferroni adjustment for multiple comparisons. Prior to analysis, variables were checked for normality (Shapiro–Wilk test) and homoscedasticity (Levene test). When multiple comparisons were carried out, we used the sequential Bonferroni correction to adjust the significance level [53].




2.4.3. Investigation of Alpha Diversity


Generalized linear mixed models (GLMM) were used to explain the observed variation of avian species diversity (Smean, H′mean). Smean was used as the response variable with a Poisson distribution and a log link function, while the H′mean was used as the response variable with a Normal distribution and an identity link function. The habitat and topographic variables that differed significantly, along with the ‘% rock cover’ which was marginally significant (Table 1), were used in the models. The explanatory variables inserted in the models were ‘% rock cover’, ‘herbaceous vegetation height’, ‘CV height’, ‘altitude’, ‘slope’, ‘aspect’ and ‘shrub presence’. A random intercept was inserted as random effect to allow random variation by each grassland. Model comparisons using the corrected Akaike information criterion (AICC) values were used to determine whether terms significantly improved the fit of the model. We built a maximal model with all explanatory variables and through a stepwise-deletion [54] we removed the non-significant terms until only significant terms (p < 0.05) were included in the model. Following that model simplification, the non-significant terms were reinserted in the model in order to examine if they improve the fit of the model. The AICC of all the created models were compared with that of the best model (with the lower AICC) in order to investigate the influence on the fit of the model. Models with ΔAICC < 2 were considered to have strong support, those with 2 <ΔAICC< 4 have a moderate support and those with 4 < ΔAICC < 8 have low support [55]. Models with ΔAICC > 9 were not presented as they were considered to have little support.




2.4.4. Investigation of Beta Diversity


Multi-Response Permutation Procedures (MRPP), a non-parametric method, was performed to compare the composition of bird communities of the three pseudo-alpine grasslands, and Sørensen distance was used as our dissimilarity measure [56]. The same method was used between each pair of grassland in order to detect differences in their bird species composition. The test statistic (T) indicates the separation of the groups, and the chance-corrected within-group agreement (A), shows homogeneity within groups. Furthermore, we used indicator species analysis (ISA) [57] with a Monte Carlo randomization test running 1000 times to see which species underlie the differences among the grasslands. The relative abundance (average abundance of a species in a grassland over the average abundance of that species in all grasslands, expressed as a %) and the relative frequency (% of plots in a grassland where the species is present) of every species in each grazing regime were used for the calculation of the ISA. Birds that were significant at the 0.05 level were considered as indicator species.




2.4.5. Investigation of Gamma Diversity


To determine the relationship of bird species occurring in grasslands under different grazing regime with habitat and topographic variables, non-metric multidimensional scaling (NMS) was used to construct a graphical representation of sample units in bird species space. NMS was used because it is considered to be the most suitable ordination method of ecological community data, thus it makes few assumptions about the nature of the data [58]. We used ‘autopilot (slow and thorough)’ mode with random starting configurations and Sørensen (Bray–Curtis) as the distance measure. The number of runs with real data and maximum number of iterations were set at 250 and 500, respectively. Also, we examined the relationship of the vegetation variables with the ordination axes representing the highest proportion of variance in the bird species data of the final optimum ordination space. The distance between two surveyed points in the ordination of sample scores reflects the relative dissimilarity in their species compositions. We then plotted the habitat and topographic variables as vectors on a joint plot to show their relationships with the bird species scores. The stress value resulted by the analysis were used as a measure for finding the best solution in dimensionality. Values greater than 20% indicate plots close to random, whereas values smaller than 20% indicate a useful dimensional picture, and less than 10% correspond to an ideal ordination [58].



Prior to statistical analyses, variables expressed as percentages were arcsine square root transformed, while all other habitat and topographic variables were log-transformed. Statistical analyses of t-test of independence, one-way ANOVA, Kruskal–Wallis, Dunn–Bonferroni, and GLMM were conducted using the statistical package IBM-SPSS Statistics version 25, and other statistical analyses (NMS, MRPP, ISA) conducted using PC-ORD version 5 [56]. The level of significance for all tests was set at 0.05.






3. Results


3.1. Bird Diversity


A total of 25 bird species and 416 individuals were recorded across the three studied grasslands (Table 2). Eight more bird species, including the Yellow-billed Chough (Pyrrhocorax graculus), the Raven (Corvus corax), the Hooded Crow (Corvus cornix), the Barn Swallow (Hirundo rustica), the House Martin (Delichon urbicum), the Short-toed Eagle (Circaetus gallicus), the Kestrel (Falco tinnunculus), and the Eurasian Hobby (Falco subbuteo) were observed flying over during surveys and excluded from the analysis. Eleven species, the Eurasian Skylark, the Tawny Pipit, the Tree Pipit, the Corn Bunting, the Rock Bunting, the Yellowhammer, the Red-backed Shrike, the Linnet, the Woodlark, the Northern Wheatear, and the Whinchat showed significant differences in their abundance between the three grasslands (Table 2). Nineteen bird species were recorded in HGG, 16 bird species in LGG, and only 14 bird species in NGG. Most birds occurred with high concentrations in both grazed grasslands were classified as Species of European Conservation concern (SPEC) [52]. However, the Shannon diversity index and the Smith and Wilson’s index of evenness were higher in the NGG than in grazed grasslands (Table 3). At plot level, the species richness, the bird abundance and diversity were significantly higher in HGG compared to LGG and NGG (Table 3).




3.2. Comparison of Environmental and Topographic Variables


The environmental and topographic variables that differed significantly among the three grasslands were the herbaceous vegetation height, the heterogeneity of vegetation height, the altitude, the slope, and the aspect (Table 1).




3.3. Investigation of Alpha Diversity


The GLMM analysis showed that according to the best model the bird species richness (Smean) significantly increased as the rock cover (%) increased and the herbaceous vegetation height and the heterogeneity of vegetation height (CV height) decreased. Moreover, the presence of shrubs was not significant but improved the fit of the model (Table 4). The random effect of the best model explained 7.6% of the total variance. Also, the Shannon diversity index significantly increased with increased % rock cover and decreased herbaceous vegetation height and heterogeneity of vegetation height (CV height) (Table 5). The random effect of the best model explained 6.1% of the total variance.




3.4. Investigation of Beta Diversity


The MRPP analysis showed that bird communities were significantly different between the three grazing regimes (T = −14.23, A = 0.22, p < 0.001). Also, significant differences were observed among each pair of grazing regime. Specifically, the greater bird community separation observed among NGG and HGG (T = −15.41, A = 0.26, p < 0.001), followed by bird communities among the NGG and LGG (T = −10.41, A = 0.19, p < 0.001), while bird communities among LGG and HGG showed little separation (T = −4.35, A = 0.06, p = 0.001).



The grassland preferred by different bird species is presented in (Table 6). The ISA showed that nine bird species were consistent in one of the three grazing regimes (p < 0.05). Specifically, the NGG was preferred by the Corn Bunting and the Rock Bunting, the LGG was preferred by the Tawny Pipit, whereas the HGG was preferred by the Eurasian Skylark, the Northern Wheatear, the Whinchat, the Linnet, the Woodlark, and the Yellowhammer.




3.5. Investigation of Gamma Diversity


The NMS applied to the matrix of the 25 grassland bird species. A final optimal three-dimensional ordination space was acceptable for the representation of bird species composition of the three grazing regimes (stress = 18.81%) and explained 73% of the variance in the data (Table 6). We plotted joint plots of sample scores and bird species scores using all three axes, which explained 16.2%, 10.1% and 46.8% variance of the data, respectively (Table 7). Out of the nine environmental and topographic variables used, only the mean herbaceous vegetation height was correlated with the three-dimension species space axes. The mean herbaceous vegetation height was negatively associated with NMS axes 3. A graphical overlay of habitat on the ordination of sample scores distinguished census plots in NGG from LGG and/or HGG (Figure 2a). Furthermore, the ordination of census plots with and without shrubs showed that NGG presented shrub presence in the majority of sample plots against those in LGG and HGG (Figure 2b). According to Figure 2, the Rock Bunting, the Corn Bunting, the Ortolan Bunting, the Stonechat, the Great Tit and the Red-backed Shrike where positively associated with herbaceous vegetation height. In contrast, the Yellowhammer, the Skylark, the Whinchat, the Linnet, the Cirl Bunting and the Serin were negatively associated with herbaceous vegetation height. Shrubs were present mainly in the NGG and LGG and attracted species like the Great Tit, Corn Bunting, the Rock Bunting, the Cirl Bunting, and the Serin.





4. Discussion


Avian communities were surveyed in representative pseudo-alpine grassland ecosystems of the South Pindos Mountains in central Greece. These grasslands were located above the tree line and selected according to the different levels of grazing transhumant livestock. Significant differences were found among the surveyed grasslands in regard to vegetation structure and the topography. Herbaceous vegetation height, heterogeneity of vegetation height and percent of rock cover were the key environmental variables that influenced bird species composition in the three grasslands. Our results indicate that there is a significant difference in the bird communities among the three studied grasslands. This is evident in the different bird species present in the three grasslands as well as in the differences of their diversity indicators (Smean, A, H′mean, S, WS, H′, Evar).



The differences in the vegetation structure of the grasslands would appear to mainly be a result of different levels of grazing transhumant livestock, which consequently affected the bird communities. Given that our findings are based on the interviews of the shepherds and the counting of their herds, the results from the analyses concerning the effects of grazing intensity should be treated with caution. Further experimental investigation is needed to estimate the grazing intensity by taking into account the possible impact of wild herbivores. In the lower altitude subalpine forests neighbor to our study grasslands, occur Roe Deers (Capreolus capreolus), which are selective solitary browsers and probably use the grasslands as feeding grounds. Therefore, future studies should deal with the estimation of grazing intensity through the counting of dung [59] of both livestock and wild herbivores in the pseudo-alpine grasslands. Also, differences in the interaction between soil nutrients and grazing may affect the vegetation structure of grasslands. It has been reported that heavy grazing reduces the herbaceous vegetation and soil nutrients because herbivores compress the soil, remove the vegetation biomass and as a result they reduce the amount of litter on the soil [60]. Vegetation height was higher in NGG followed by LGG and HGG, while the heterogeneity of vegetation height was higher in LGG, followed by the NGG and the HGG.



Interestingly, our results showed that bird species richness and bird diversity (alpha diversity) were affected only by the environmental and not by the topographic variables. Specific variations in the environmental characteristics, such as the difference in recorded vegetation height, vegetation height heterogeneity and rock cover were demonstrated to determine differences in bird species composition among the studied grasslands. Bird species richness and bird diversity corresponded positively to a decrease of vegetation height and vegetation height heterogeneity and to an increase of the percentage of rock cover. Vegetation height has been the main factor associated with avian diversity and composition in grasslands [61,62]. This difference in vegetation height demonstrates the importance of grassland mosaics with vegetation of different heights for grassland bird diversity. The analysis of gamma diversity in our study area showed that many grassland birds require a mosaic landscape with different habitat patches to satisfy their breeding demands and to improve their foraging conditions [35]. Grazing increases the structural diversity and constructs variable microhabitats for a great proportion of species [3,17,63]. The relatively low vegetation height derived from the seasonal grazing probably improved the nesting and foraging conditions for grassland species [16,21]. Transhumance grazing holds vegetation height relatively low thus increasing food accessibility [64,65], locomotion on the ground and offering higher efficiency in predator detection [66]. Moreover, presence of livestock dung may increase the available invertebrates [67], which in turn may attract valuable numbers of birds. Also, the presence of rocks on those high-altitude grasslands attracts rock dueling species, which nest among the boulders and forage on the grazed areas thus increasing the total species diversity. The presence of shrubs may also have ambivalent effects on grassland birds. A study conducted in arctic riparian plains in Norway showed that intense grazing by Reindeers led to shrub loss which affected negatively both shrub and open associated bird species [18]. This trend is probably associated with the decrease of nest and cover habitat, and insects, which are a primary food source for many species [18,68].



Avian communities are affected by the presence of transhumant livestock in the pseudo-alpine grassland ecosystems of South Pindos Mountains through the differences in vegetation structure. Bird communities among the two grazed grasslands (LGG and HGG) showed a lower separation than the communities between the two grazed (LGG and HGG) and the non-grazed (NGG) one. Transhumance is highlighted as an ecological management technique that shapes and maintains stable and dynamic the upland grasslands, while overcoming the plethora of ecological problems derived by intensive, sedentary livestock activities in high altitude ecosystems [8,10]. The seasonal exploitation of grasslands, the local livestock breeds that have adapted to the special conditions of the uplands and the shepherding exert low pressure on grasslands hence improves the nesting and foraging conditions for the threatened pseudo-alpine avifauna. A pan-European review and meta-analysis showed that the traditional practices and short-term abandonment of grazing are of high importance for the enhancement of richness and diversity [14]. Compared to high intensity grazing, these low intensity systems resulted in higher richness and diversity. Furthermore, traditionally grazed grasslands were richer in arthropods than overgrazed; arthropods compose the diet for the majority of bird species inhabiting high altitude grasslands. However, the high intensity grazing was shown to benefit open habitat species due to the prevention of woody vegetation encroachment [14]. Additionally, the short-term abandonment was shown to have similar positive effect on biodiversity. As a result, the pausing of grazing for longer periods may enhance the encroachment of woody vegetation and affect negatively the open habitat species [14].



The majority of birds inhibiting the studied pseudo-alpine grasslands are ground-dwelling species (Table A1). The low vegetation height of the HGG was reflected by the greater number of indicator bird species (6) compared to the LGG (1) and NGG (2). The presence of two indicator species in NGG which are under conservation status also highlights the importance of no grazing areas. The Eurasian Skylark, the Yellowhammer, the Whinchat, the Woodlark, the Linnet, and the Northern Wheatear which are SPEC, showed great preferences for highly grazed grasslands. The Eurasian Skylark, a typical ground-associated grassland bird, showed a positive response to transhumance. Eurasian Skylarks avoid tall and dense vegetation [49,69] due to the difficulties they face in foraging and movement. Higher grazing pressure leads to highly exploited areas with low vegetation height and vertical structure, but favoring feeding opportunities in many birds by making food easy to access. Furthermore, the Yellowhammer and the Whinchat, two upland species highly associated to open areas and especially grasslands in Greece [70], were positively affected by grazing due to their requirements for low herbaceous vegetation height. In our study area both species were absent from NGG and their higher concentrations were observed on HGG, indicating a positive effect of grazing on their numbers. A similar response was observed in the Woodlark, a species that prefers grazed pastures in order to benefit by low vegetation for breeding and foraging. Moreover, rock presence in grasslands is responsible for the occurrence of rock-dwelling species, hence it increases the number of species present. The Northern Wheatear is a typical species of stony high-altitude grasslands. It needs areas of low vegetation in order to feed [71], and fallen rocks, boulders, and screes as nesting locations [72], hence the combination of grazed sites with rocky areas favored the occurrence of the species in high grazing intensity pastures. On the other hand, only one bird species of high conservation value, the Tawny Pipit, was found to benefit from low grazing pressure in our study. The Tawny Pipit highly concentrated in LGG, resembling the habitat preferences of the species for high altitude stony pastures. The presence of a low number of small ruminants creates a heterogeneous vegetation mosaic with areas of low and tall herbaceous vegetation, which offers suitable foraging and nesting sites for the species respectively [73]. Bird community in NGG showed a great separation from those in both grazed grasslands with two species, the Rock and the Corn Bunting, highly confined to those areas. The Rock Bunting was observed only in NGG and was probably favored by the presence of shrubs and the rock cover, which are important territory components of the species [74]. Moreover, the Corn Bunting seemed to benefit from the presence of shrubs [75,76] in grasslands with absence of grazing.



Grassland bird species show different susceptibility to grazing disturbance [35,44,77]. Our results demonstrate a separation of species between areas, bird species recorded in the NGG that depend on tall grass and shrubs were replaced by species associated with short grass in grazed grasslands. Specific management practices can satisfy the nesting and foraging requirements of a group of species, but cannot benefit others [35,78]. Areas with low or no grazing are necessary to ensure viable populations of tall grass [14,35,79] and shrub associated species [14]. On the other hand, in grazed grasslands, a short grass assemblage of birds is benefited [35,77]. Our results demonstrate that presence of both grazed and non-grazed grassland areas is essential for the conservation of the pseudo-alpine grassland birds as also observer by Isacch and Cardoni [79]. Moreover, some researchers have proposed that some areas should not be managed, for obtaining the maximum diversity of grassland birds [35,78]. Thus, this habitat heterogeneity is necessary to ensure species coexistence and maintain the highest diversity of grassland bird communities [18,35,62,80,81].



However, we are aware that our research may have some limitations. The first is that it is a single-year study and offers no long-term results on the effects of pastoral activities on bird communities. The second is the small number of survey points as a consequence of the small area and the harsh terrain of the grasslands under study, and the third is the absence of replicate sites of the NGG, LGG, and HGG.




5. Conclusions


This paper has highlighted the importance of the different levels of grazing transhumant livestock and managed to give a thorough insight on the effects of this particular stock rearing system on the avian communities of high-altitude grasslands. Grazed grasslands were richest in birds, and favored a higher number of bird species of conservation concern than the non-grazed. Breeding and foraging grassland birds responded positively to low vegetation height, to vegetation height heterogeneity, and to the increased rock cover. Moreover, our research underlined that transhumance favored the short grass breeding avifauna, while the decline of transhumance and the abandonment of pseudo-alpine grasslands may alter those ecosystems in benefit of tall grass and shrub associated bird species. This study has gone some way towards enhancing our understanding of the importance of transhumance for wildlife conservation, so conservationists and managers of natural resources should reinforce the existence of grazed (managed) and ungrazed (unmanaged) areas under the traditional transhumance in order to maintain highly diverse avian communities on the pseudo-alpine grassland ecosystems.
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Appendix A


Nesting and foraging substrate (G: ground, R: rock, S: shrub, T: tree) of the 25 bird species recorded in pseudo-alpine grasslands under different grazing regime during the breeding season of 2016 in Pindos Mountains, Central Greece.
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Table A1. Nesting and foraging substrate (G: ground, R: rock, S: shrub, T: tree) of the 25 bird species recorded in our study area.
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	Common Name
	Scientific Name
	Nesting Substrate
	Foraging Substrate
	Reference





	Eurasian Skylark
	Alauda arvensis
	G
	G
	[82]



	Rock Partridge
	Alectoris graeca
	R,G
	G
	[83]



	Tawny Pipit
	Anthus campestris
	G
	G
	[82]



	Water Pipit
	Anthus spinoletta
	G
	G
	[82]



	Tree Pipit
	Anthus trivialis
	G
	G
	[82]



	Common Quail
	Coturnix coturnix
	G
	G
	[83]



	Corn Bunting
	Emberiza calandra
	G, S
	G
	[84]



	Rock Bunting
	Emberiza cia
	G, R, S
	G, S
	[84]



	Cirl Bunting
	Emberiza cirlus
	G, S, T
	G, T
	[84]



	Yellowhammer
	Emberiza citrinella
	G, S
	G
	[84]



	Ortolan Bunting
	Emberiza hortulana
	G, R
	G, S
	[84]



	Red-backed Shrike
	Lanius collurio
	S, T
	G, S
	[85]



	Common Linnet
	Linaria cannabina
	S, R, G, T
	G, S
	[86]



	Woodlark
	Lullula arborea
	G
	G
	[82]



	Rufous-tailed Rock Thrush
	Monticola saxatilis
	R
	G
	[82]



	Northern Wheatear
	Oenanthe oenanthe
	G, R
	G
	[82]



	Great Tit
	Parus major
	T
	T, S, G
	[85]



	Black Redstart
	Phoenicurus ochruros
	R
	G
	[82]



	Common Chiffchaff
	Phylloscopus collybita
	G, S, T
	T, S
	[87]



	Whinchat
	Saxicola rubetra
	G
	G
	[82]



	Common Stonechat
	Saxicola torquatus
	G
	G
	[82]



	European Serin
	Serinus serinus
	T, S
	T, S, G
	[86]



	Lesser Whitethroat
	Sylvia curruca
	S
	S
	[87]



	Eurasian Blackbird
	Turdus merula
	T, S, G
	G, S
	[82]



	Mistle Thrush
	Turdus viscivorus
	T, R
	G, T
	[82]
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Figure 1. Location of the study area in Central Greece, showing the sampling sites: non-grazed grassland (NGG), low grazing intensity grassland (LGG) and high grazing intensity grassland (HGG). 
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Figure 2. Non-metric Multidimensional Scaling (NMS) ordination jointplots of sample scores, species scores and habitat variables on grasslands with (a) different grazing intensity (NGG: non-grazed grassland, LGG: low grazing intensity grassland, HGG: high grazing intensity grassland) and (b) shrub presence/absence. Definitions of habitat variables; Height: Herbaceous vegetation height. See Table 7 for NMS summary statistics and Table 6 for definitions of species codes. 
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Table 1. Average values (±S.E.) of habitat and topographic variables in three (NGG, LGG, HGG) pseudo-alpine grasslands in Central Greece, and results of ANOVA test. Different capital letters denote significant differences among grazing regimes. The level of significance for pair-wise comparisons was set at α = 0.016 after the sequential Bonferroni correction.






Table 1. Average values (±S.E.) of habitat and topographic variables in three (NGG, LGG, HGG) pseudo-alpine grasslands in Central Greece, and results of ANOVA test. Different capital letters denote significant differences among grazing regimes. The level of significance for pair-wise comparisons was set at α = 0.016 after the sequential Bonferroni correction.





	Variables
	NGG
	LGG
	HGG
	Statistic
	df
	p-Value





	Herbaceous vegetation cover (%)
	72.6 ± 3.64
	65.9 ± 6.77
	77.6 ± 5.28
	2.652 *
	2
	0.265



	Rock cover (%)
	26.5 ± 3.74
	19.8 ± 4.04
	13.2 ± 2.9
	5.696 *
	2
	0.058



	Bare ground cover (%)
	0.1 ± 0.1
	0.3 ± 0.21
	0.0 ± 0.0
	2.104 *
	2
	0.349



	Fern cover (%)
	0.8 ± 0.8
	14 ± 7.69
	9.2 ± 4.24
	4.177 *
	2
	0.124



	Herbaceous vegetation height (cm)
	52.32 ± 1.6 A
	26.01 ± 2.27 B
	19.26 ± 0.54 B
	40.598 *
	2
	<0.001



	(CV) Vegetation height heterogeneity
	22.56 ± 0.8 A
	59.92 ± 6.83 B
	16.55 ± 1.94 C
	22.249
	2, 57
	<0.001



	Altitude (m)
	1574.3 ± 18.7 A
	1608.6 ± 31.8 A
	1727.15 ± 14.37 B
	12.287
	2, 57
	<0.001



	Slope (%)
	23.02 ± 2.02 A
	20.28 ± 1.89 A
	13.39 ± 1.41 B
	9.412
	2, 57
	<0.001



	Aspect (degrees)
	89.66 ± 9.07 A
	106.72 ± 19.63 A
	186.69 ± 16.15 B
	17.581 *
	2
	<0.001







* values are based on non-parametric Kruskal-Wallis test.
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Table 2. Average abundance values (±SD) of bird Species of European Conservation concern (SPEC-category) [52] in pseudo-alpine grasslands under different grazing regime (NGG, LGG, HGG), and results of ANOVA test. The nesting substrate (G: ground, R: rock, S: shrub, T: tree) for each species is also presented. For each species the weighted index (w) according to their conservation status [52] is also presented (see Section 2.4.1). Species that are included in the Annex I of the European Directive 2009/147/EE indicated by I. Different capital letters denote significant differences in each bird species abundance among grazing regimes. The level of significance for pair-wise comparisons was set at α = 0.016 after the sequential Bonferroni correction.
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	Common Name
	Scientific Name
	Nesting Substrate
	SPEC
	W
	NGG
	LGG
	HGG
	Statistic
	df
	p-Value





	Eurasian Skylark
	Alauda arvensis
	G
	3
	2
	0.35 ± 0.587 A
	0.85 ± 1.040 A
	1.80 ± 0.834 B
	22.964 *
	2
	< 0.001



	Rock Partridge
	Alectoris graeca
	R,G
	1
	6 I
	0.50 ± 1.147
	0.20 ± 0.696
	0.05 ± 0.224
	2.443 *
	2
	0.295



	Tawny Pipit
	Anthus campestris
	G
	3
	4 I
	0.05 ± 0.224 A
	0.35 ± 0.587 A
	0.05 ± 0.224 A
	7.218 *
	2
	0.027



	Water Pipit
	Anthus spinoletta
	G
	-
	1
	0.0 ± 0.0
	0.0 ± 0.0
	0.05 ± 0.224
	2.000 *
	2
	0.368



	Tree Pipit
	Anthus trivialis
	G
	3
	2
	0.45 ± 0.605 A
	0.0 ± 0.0 B
	0.50 ± 0.761 A
	10.614 *
	2
	0.005



	Common Quail
	Coturnix coturnix
	G
	3
	2
	0.40 ± 0.681
	0.15 ± 0.366
	0.25 ± 0.444
	1.556 *
	2
	0.459



	Corn Bunting
	Emberiza calandra
	G, S
	2
	4
	0.40 ± 0.754 A
	0.15 ± 0.489 A,B
	0.0 ± 0.0 B
	7.744 *
	2
	0.021



	Rock Bunting
	Emberiza cia
	G, R, S
	-
	1
	0.45 ± 0.759 A
	0.0 ± 0.0 B
	0.0 ± 0.0 B
	15.556 *
	2
	< 0.001



	Cirl Bunting
	Emberiza cirlus
	G, S, T
	-
	1
	0.0 ± 0.0
	0.05 ± 0.224
	0.0 ± 0.0
	2.000 *
	0
	0.368



	Yellowhammer
	Emberiza citrinella
	G, S
	2
	4
	0.0 ± 0.0 A
	0.10 ± 0.308 A
	0.55 ± 0.759 B
	14.772 *
	2
	0.001



	Ortolan Bunting
	Emberiza hortulana
	G, R
	2
	4 I
	0.65 ± 1.226
	0.40 ± 0.598
	0.10 ± 0.447
	5.760 *
	2
	0.056



	Red-backed Shrike
	Lanius collurio
	S, T
	2
	4 I
	0.65 ± 0.745 A
	0.20 ± 0.696 B
	0.65 ± 0.988 A,B
	7.680 *
	2
	0.021



	Common Linnet
	Linaria cannabina
	S, R, G, T
	2
	4
	0.05 ± 0.224 A
	0.35 ± 0.813 A,B
	1.20 ± 2.567 B
	7.511 *
	2
	0.023



	Woodlark
	Lullula arborea
	G
	2
	4 I
	0.0 ± 0.0 A
	0.10 ± 0.308 A,B
	0.30 ± 0.470 B
	7.942 *
	2
	0.019



	Rufous-tailed Rock Thrush
	Monticola saxatilis
	R
	3
	2
	0.20 ± 0.410
	0.25 ± 0.639
	0.35 ± 0.587
	1.116 *
	2
	0.572



	Northern Wheatear
	Oenanthe oenanthe
	G, R
	3
	2
	0.0 ± 0.0 A
	1.40 ± 1.273 B
	1.60 ± 1.536 B
	24.424 *
	2
	< 0.001



	Great Tit
	Parus major
	T
	-
	1
	0.10 ± 0.308
	0.0 ± 0.0
	0.0 ± 0.0
	4.068 *
	2
	0.131



	Black Redstart
	Phoenicurus ochruros
	R
	-
	1
	0.0 ± 0.0
	0.10 ± 0.447
	0.0 ± 0.0
	2.000 *
	2
	0.368



	Common Chiffchaff
	Phylloscopus collybita
	G, S, T
	-
	1
	0.0 ± 0.0
	0.0 ± 0.0
	0.05 ± 0.224
	2.000 *
	2
	0.368



	Whinchat
	Saxicola rubetra
	G
	2
	4
	0.0 ± 0.0 A
	0.20 ± 0.410 A
	0.80 ± 0.768 B
	19.526 *
	2
	< 0.001



	Common Stonechat
	Saxicola torquatus
	G
	-
	1
	0.10 ± 0.308
	0.0 ± 0.0
	0.10 ± 0.447
	2.002 *
	2
	0.367



	European Serin
	Serinus serinus
	T, S
	2
	4
	0.0 ± 0.0
	0.10 ± 0.447
	0.0 ± 0.0
	2.000 *
	2
	0.368



	Lesser Whitethroat
	Sylvia curruca
	S
	-
	1
	0.0 ± 0.0
	0.0 ± 0.0
	0.05 ± 0.224
	2.000 *
	2
	0.368



	Eurasian Blackbird
	Turdus merula
	T, S, G
	-
	1
	0.0 ± 0.0
	0.0 ± 0.0
	0.05 ± 0.224
	2.000 *
	2
	0.368



	Mistle Thrush
	Turdus viscivorus
	T, R
	-
	1
	0.15 ± 0.366
	0.0 ± 0.0
	0.05 ± 0.224
	3.687 *
	2
	0.158







* values are based on non-parametric Kruskal-Wallis test.
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Table 3. Average values (± SD) of bird diversity indices [species richness (Smean), abundance (A), Shannon diversity index (H′mean) in pseudo-alpine grasslands under different grazing regime (NGG, LGG, HGG), and results of ANOVA test. Different capital letters denote significant differences in diversity indices among grazing regimes. The level of significance for pair-wise comparisons was set at α = 0.016 after the sequential Bonferroni correction. The total bird species diversity, (species richness (S), weighted-species richness (WS), Shannon diversity index (H′) and Smith and Wilson’s index of evenness (Evar)) was also presented.
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	Diversity Indices
	NGG
	LGG
	HGG
	Statistic
	df
	p-Value





	Smean
	3.40 ± 1.095 A
	3.20 ± 1.105 A
	5.30 ± 1.949 B
	16.768 *
	2
	<0.001



	A
	4.50 ± 2.013 A
	4.95 ± 2.373 A
	8.55 ± 3.546 B
	18.219 *
	2
	<0.001



	H′mean
	1.122 ± 0.326 A
	1.038 ± 0.375 B
	1.490 ± 0.371 C
	9.024
	2, 57
	<0.001



	S
	14
	16
	19
	
	
	



	WS
	38
	52
	50
	
	
	



	H′
	3.482
	3.392
	3.381
	
	
	



	Evar
	0.585
	0.616
	0.337
	
	
	







* values are based on non-parametric Kruskal-Wallis test.
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Table 4. Output of GLMM investigating the environmental and topographic factors affecting the bird species richness (Smean) on pseudo-alpine grasslands. Models were ranked according to their suitability. Suitable models include those with strong support (ΔAICC < 2) and those with moderate support (2 < ΔAICC < 4). Parameter coefficients [Estimate and S.E.] of the best model presented. Random intercept included as random effect to allow random variation by each grassland (7.6% explained variation). Statistically significant explanatory variables are presented in bold. Inserted explanatory variables are presented with + and their levels as K.
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	Model Rank
	Model Name
	Explanatory Variables
	Deviance
	K
	AICC
	ΔAICC





	1
	Best
	Herbaceous Vegetation Height + % Rock Cover + CV height + Shrub Presence
	70.018
	7
	72.094
	0



	2
	Final /SuiTable 1
	Herbaceous Vegetation Height + % Rock Cover + CV Height
	70.589
	5
	72.663
	0.569



	3
	SuiTable 2
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Slope
	73.564
	6
	75.639
	3.545



	4
	SuiTable 3
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Aspect
	73.697
	6
	75.773
	3.679



	5
	SuiTable 4
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude
	73.699
	6
	75.774
	3.680



	6
	UnsuiTable 1
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Aspect + Shrub Presence
	75.192
	8
	77.269
	5.175



	7
	UnsuiTable 2
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Aspect + Shrub Presence
	76.577
	9
	78.655
	6.561



	8
	UnsuiTable 3
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Slope
	76.673
	7
	78.750
	6.656



	9
	UnsuiTable 4
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Aspect
	76.806
	7
	78.883
	6.789



	10
	UnsuiTable 5
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Slope + Shrub Presence
	78.056
	9
	80.134
	8.040



	11
	UnsuiTable 6
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Slope + Aspect + Shrub Presence
	78.120
	9
	80.198
	8.104



	12
	Maximal /UnsuiTable 7
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Slope + Aspect + Shrub Presence
	79.470
	10
	81.550
	9.456



	
	
	Best Model
	Estimate
	S.E.
	t
	p-Value



	
	
	Intercept
	1.371
	0.288
	4.766
	<0.001



	
	
	Herbaceous Vegetation Height
	−0.239
	0.072
	−3.320
	0.002



	
	
	% Rock Cover
	0.155
	0.070
	2.217
	0.031



	
	
	CV Height
	−0.195
	0.077
	−2.538
	0.014



	
	
	Shrub Presence: Absence
	−0.073
	0.142
	−0.517
	0.607
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Table 5. Output of GLMM investigating the environmental and topographic factors affecting the bird Shannon diversity index on pseudo-alpine grasslands. Models were ranked according to their suitability. Suitable models include those with strong support (ΔAICC < 2) and those with moderate support (2 < ΔAICC < 4). Parameter coefficients [Estimate and S.E.] of the best model presented. Random intercept included as random effect to allow random variation by each grassland (6.1% variation explained). Statistically significant explanatory variables are presented in bold. Inserted explanatory variables are presented with + and their levels as K.
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	Model Rank
	Model Name
	Explanatory Variables
	Deviance
	K
	AICC
	ΔAICC





	1
	Final/Best
	Herbaceous Vegetation Height + % Rock Cover + CV Height
	65.305
	5
	69.305
	0



	2
	SuiTable 1
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Shrub Presence
	67.853
	7
	72.084
	2.779



	3
	SuiTable 2
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Slope
	68.630
	6
	72.861
	3.556



	4
	SuiTable 3
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Aspect
	68.852
	6
	73.083
	3.778



	5
	SuiTable 4
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude
	69.004
	6
	73.235
	3.930



	6
	UnsuiTable 1
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Slope + Shrub Presence
	71.311
	8
	75.546
	6.241



	7
	UnsuiTable 2
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Aspect + Shrub Presence
	71.614
	8
	75.850
	6.545



	8
	UnsuiTable 3
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Shrub Presence
	71.726
	8
	75.962
	6.657



	9
	UnsuiTable 4
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Slope + Aspect
	72.387
	7
	76.623
	7.318



	10
	UnsuiTable 5
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Slope
	72.540
	
	76.775
	7.470



	11
	UnsuiTable 6
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Aspect
	72.763
	7
	76.999
	7.694



	12
	Maximal/UnsuiTable 7
	Herbaceous Vegetation Height + % Rock Cover + CV Height + Altitude + Slope + Aspect + Shrub Presence
	78.895
	10
	83.140
	13.835



	
	
	Best Model
	Estimate
	S.E.
	t
	p-Value



	
	
	Intercept
	1.410
	0.259
	5.435
	<0.001



	
	
	Herbaceous Vegetation Height
	−0.197
	0.050
	−3.941
	<0.001



	
	
	% Rock Cover
	0.140
	0.049
	2.847
	0.006



	
	
	CV Height
	−0.006
	0.002
	−3.124
	0.003
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Table 6. Results of the Indicator Species Analysis. Monte Carlo test of significance of observed maximum indicator value (IV) for each bird species, based on 1000 randomizations. The means and SD of the IV from randomizations are given along with p-values for the hypothesis of no difference between groups. Significant indicator species are presented in bold. Within parenthesis, the most important grazing regime (1: NGG; 2: LGG; 3: HGG) that is associated with each bird species are presented.
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	Common Name
	Scientific Name
	Code
	Observed Indicator Value (IV)
	IV from Randomized Groups
	p-Value





	Eurasian Skylark
	Alauda arvensis
	Alaarv
	60
	27.3 ± 4.56
	0.001 (3)



	Rock Partridge
	Alectoris graeca
	Alegra
	13.3
	9.9 ± 4.32
	0.228 (1)



	Tawny Pipit
	Anthus campestris
	Antcam
	23.3
	10.7 ± 4.35
	0.035 (2)



	Water Pipit
	Anthus spinoletta
	Antspi
	5
	5 ± 0.16
	1 (3)



	Tree Pipit
	Anthus trivialis
	Anttri
	21.1
	16 ± 4.76
	0.163 (3)



	Common Quail
	Coturnix coturnix
	Cotcot
	15
	14.6 ± 4.58
	0.443 (1)



	Corn Bunting
	Emberiza calandra
	Embcal
	21.8
	10.6 ± 4.44
	0.031 (1)



	Rock Bunting
	Emberiza cia
	Embcia
	35
	9.8 ± 4.13
	0.001 (1)



	Cirl Bunting
	Emberiza cirlus
	Embcir
	5
	5 ± 0.16
	1 (2)



	Yellowhammer
	Emberiza citrinella
	Embcit
	38.1
	12.6 ± 4.50
	0.001 (3)



	Ortolan Bunting
	Emberiza hortulana
	Embhor
	19.8
	15.9 ± 4.99
	0.223 (1)



	Red-backed Shrike
	Lanius collurio
	Lancol
	23.8
	19.1 ± 4.81
	0.162 (1)



	Common Linnet
	Linaria cannabina
	Lincan
	30
	15.2 ± 5.24
	0.016 (3)



	Woodlark
	Lullula arborea
	Lularb
	22.5
	10.3 ± 4.33
	0.043 (3)



	Rufous-tailed Rock Thrush
	Monticola saxatilis
	Monsax
	13.1
	13.8 ± 4.38
	0.571 (3)



	Northern Wheatear
	Oenanthe oenanthe
	Oenoen
	40
	24 ± 5.16
	0.013 (3)



	Great Tit
	Parus major
	Parmaj
	10
	4.8 ± 3.48
	0.313 (1)



	Black Redstart
	Phoenicurus ochruros
	Phooch
	5
	5 ± 0.16
	1 (2)



	Common Chiffchaff
	Phylloscopus collybita
	Phycol
	5
	5 ± 0.16
	1 (3)



	Whinchat
	Saxicola rubetra
	Saxrub
	48
	15.8 ± 4.66
	0.001 (3)



	Common Stonechat
	Saxicola torquatus
	Saxtor
	5
	6.6 ± 3.46
	0.783 (1)



	European Serin
	Serinus serinus
	Serser
	5
	5 ± 0.16
	1 (2)



	Lesser Whitethroat
	Sylvia curruca
	Sylcur
	5
	5 ± 0.16
	1 (3)



	Eurasian Blackbird
	Turdus merula
	Turmer
	5
	5 ± 0.16
	1 (3)



	Mistle Thrush
	Turdus viscivorus
	Turvis
	11.2
	7.1 ± 3.65
	0.287 (1)










[image: Table] 





Table 7. Proportion of variance represented by the final three axes of the Non-metric Multidimensional Scaling (NMS) ordination plots of the birds occurring in the three studied grasslands and the Pearson correlation coefficients of the 9 habitat and topographic variables with each axis.
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	Axis 1
	Axis 2
	Axis 3





	Variance Represented (r2)
	
	
	



	Increment
	0.162
	0.101
	0.468



	Cumulative
	0.162
	0.263
	0.730



	Correlation with NMS Axis (r)
	
	
	



	% Herbaceous Vegetation Cover
	−0.019
	0.177
	0.170



	% Rock Cover
	0.267
	−0.039
	−0.054



	% Bare Ground Cover
	−0.048
	0.084
	0.086



	% Fern Cover
	−0.238
	−0.143
	−0.100



	Herbaceous Vegetation Height
	0.004
	0.259
	−0.654



	CV Herbaceous Vegetation Height
	0.298
	−0.262
	0.289



	Altitude
	0.156
	0.020
	0.440



	Slope
	0.311
	−0.027
	−0.362



	Aspect
	−0.017
	−0.030
	0.032
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