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Abstract

:

Golden Eagles are resident in Greece and known to feed mainly on tortoises when breeding. However, information on alternative prey is scarce, especially during the tortoise brumation, that roughly coincides with the eagles’ non-breeding season. We analyzed 827 prey items collected from 12 territories over five territory years and 84 records of eagles hunting or feeding behavior. Tortoises dominated the breeding season diet (71% of prey categories on average) and over half of all hunting/feeding observations. While no spatial structure was evident, habitat variables such as forest canopy cover were important associates in golden eagle diet seasonally. A significant seasonal pattern emerged in diet diversity, using a subset of six territories with at least 10 samples per season. Eagles shifted from a narrow, reptile- based breeding season diet dominated by tortoises to a broader non-breeding season diet, that included more carrion, mammals and birds. Breeding season specialization on ectothermic prey is a trait usually associated with migratory raptors in the Western Palearctic. The observed dietary diversity expansion accompanied by residency in the absence of ectothermic prey, highlights the adaptability of the golden eagle, a generalist predator. Tortoise populations in Greece are of conservation concern and land use changes as well as climate change, such as development and land abandonment may increase the prevalence of catastrophic megafires, exacerbating the threats to the golden eagle’s main prey when breeding. We discuss this and other diet related conservation implications for the species in northern Greece.
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1. Introduction


Food is one of the major limiting factors for raptor populations [1], affecting several population parameters. Food availability and diet metrics have been thus documented to affect densities [2], breeding performance [3,4], convergence of individuals during dispersal in food rich areas [5], nestling condition metrics [6] and long-term population persistence [7]. It is therefore important to have a basic understanding of raptors’ diets to inform conservation and further research efforts, such as assessing possible influences of dietary habits and availability of prey species on breeding and occupancy/survival.



Several raptor species tend to consume a few, readily available and profitable taxa given the opportunity, as demonstrated by population level scale studies. However, generalist species can shift their diets towards a broader range during main prey decline periods, according to the Alternative Prey Hypothesis [8].



Golden eagles Aquila chrysaetos in general, tend to consume medium sized prey that is abundant and accessible (0.5–4 kg, mainly gamebirds and leporids in Eurasia, and leporids and ground squirrels in N America [9,10,11]. However, the golden eagle is the most widespread Holarctic eagle, is highly adaptable in its diet as a generalist predator, despite often displaying specialism at low spatial and temporal scales. In northwest Scotland no evidence was found supporting higher productivity in relation to lower diet breadths in some areas; rather, a high diet breadth was attributed to a tendency of utilizing any profitable prey available [12]. In Japan, golden eagles showed considerable temporal plasticity as the breeding season progressed [13]. In Sweden, golden eagles displayed a plasticity on main prey depending on the habitat affecting its availability across its national distribution, and even high specialization locally [14,15]. I In Utah, USA, habitat variables explained best the occurrence of main prey types in golden Eagle diets [16].



In SE Europe, several breeding raptor species specialize on ectothermic prey or consume such prey at higher rates than elsewhere [17,18,19,20]. Golden eagles in Greece rely to a great extent on tortoises: Hermann’s (Eurotestudo hermanni) and Spur-thighed (Testudo graeca) in the north, marginated (T. marginata) in Peloponnese to the south, especially during the chick rearing period. This raptor is considered the primary predator of adult tortoises in Greece [21]. However, there is scant evidence on alternative prey in periods when tortoises are scarce, as during the reptilian winter phase of brumation, when they should not be readily available to predators.



Our study had the following research objectives: to (a) investigate the diet of the species in northern Greece, (b) assess the variation of diet composition and breadth in the breeding/non-breeding season, (c) assess if the diet is related to spatial and habitat characteristics, (d) describe foraging techniques that may account for prey acquisition, and finally (e) interpret the results in the light of the adaptive significance of tortoise predation for golden eagles and relevant conservation pressures.




2. Materials and Methods


2.1. Study Population and Sampling Sites


The golden eagle is Endangered (EN) in Greece [22] and the national population has been estimated at 105–155 breeding pairs [23]. Productivity has been estimated at 0.5–0.55 fledglings per territorial pair per year, and mean nearest neighbor distance recorded between occupied nest sites in our study area was 8.47 km (±3.18 km) [24]. We sampled dietary material at 15 territories, across over 6600 km2 in northern Greece (administrative regions of central and east Macedonia and Thrace) (Figure 1). The climate is Mediterranean/continental Mediterranean. The main vegetation types covering a buffer of 6 km around nests were broad leaved woodlands, conifers and sclerophyllous scrub, interspersed with openings and grasslands, and the mean altitude of territories was 440 ± 218 m (range 75–895 m). Main land uses were extensive grazing (goat, sheep, and cattle herds), forestry (usually selective logging) and crop-agriculture on lower altitudinal land.




2.2. Prey Item Sampling


Prey remains and pellets were collected mostly from autumn 2017 to summer 2021 from 15 occupied territories. We defined two sampling seasons: (a) the golden eagle breeding season (mid-March to late November) from egg laying to the late post-fledging dependence period for most pairs), coinciding with the high tortoise activity period; (b) the golden eagle non-breeding period (late November to mid-March) that largely coincides with the low activity period of tortoises that are either brumating or not yet very active [25]. We made 37 and 41 visits during the breeding and non-breeding season respectively (Table S1). We conducted active searching of prey remains and pellets in situ during visits to nests (11 visits to 9 territories), at the tops of nest cliffs, at the base of nest trees, diurnal perches and roosts on trees/cliffs within a buffer of 400 m around nest, where adult activity is more pronounced [26]. Searched areas at each visit were scoured for any signs of prey consumption.



Material from localities outside the buffer were included in the analysis (as pertaining to the closest territory), only when members of the pair were known to perch there, or when cast golden eagle feathers were found. Material was not considered when there was evidence (cast feathers, observations) of other predatory species regularly utilizing the localities. Besides direct observations, roost and perch site localization was aided by telemetry data from three territorial adult birds (Movebank study ID 601374863).




2.3. Prey Item Identification and Counting


Prey remains and pellets were collected and removed from the sampling area either for identification in situ (e.g., hedgehog skins, tortoise shells) or in the laboratory. Collected tortoise carapaces were usually identified through the supracaudal scute; the presence of tail nails in pellets was indicative for T. hermanni. Whole bird feathers were identified to species when possible, using an online database [27]; feather fragments, mammalian hair and non-testudine reptilian scales were identified microscopically [28,29,30].



To estimate the number of prey items we combined finds in pellets and prey remains under the following protocol. Each visit to a territory was identified as a single collection event. The minimum number of individuals (MNI) at the lowest possible taxonomic level for each collection was calculated from distinctive anatomical features that were present (e.g., tortoise carapaces, jaws or humeri, flight feathers of birds, skulls or mammal jaws), either by taking the maximum number derived by each source or by combining them [31]. Thus, if for example in a collection we found plucked Eurasian Jay (Garrulus glandarius) feathers and a pellet of bones and feather fragments collected contemporaneously identified as belonging to the same species, it would be counted as one item. If on the other hand, we found plucked feathers and an entire head as prey remains and the pellet contained parts of a skull it was counted as two jays since the findings clearly belonged to two individuals. Similarly, one tortoise carapace in remains and two sets of jaws in a pellet were counted as two tortoises, one carapace and no distinct anatomical features in the pellet as one tortoise, one carapace with the head attached and two sets of jaws in a pellet as three tortoises, and so on.



The sum of all items from each collection per territory, comprised the final territory sample. The above approach is deemed conservative in estimating numbers of prey items per territory.




2.4. Spatial Structure and Environmental Parameters


We applied a Spearman correlation relating the inter-territory distance across all territory pairs and Renkonen’s index, which measures dietary overlap [32], as a non sensitive index on the classification of findings to resource categories [33].



We utilised five habitat variables, in terms of percentage cover of four Corine Land Cover Classes: artificial land (codes 100), agricultural land (codes 200 apart from 231), open areas (codes 231, 321, 322, 324, 332 and 333), scrub (code 323) and forests (codes 311–313) [34]. We also calculated the average forest canopy cover using the 25 m resolution Pan–European forest cover dataset [35]. Given that golden eagles are known to range mainly in a radius of up to 6 km from their nests where they utilize mostly ridges [36], habitat variables were calculated in the following steps: we first ran a ridge selection algorithm [37], on a 50 × 50 m Digital Elevation Model, itself resampled from a global elevation dataset [38]. We subsequently converted the selected ridge pixels to polygons and applied a further 50 m buffer to include more area which eagles may have used, and to take account of possible edge habitats.




2.5. Field Observations


We analyzed a qualitative dataset of 198 observations of golden eagles feeding, hunting or otherwise interacting with prey, including the inspection of a few kill sites derived by telemetry data, collected during fieldwork and supplemented by 11 personal communications (2004–2021). Of these, 96 consisted of observations of golden eagles feeding on carcasses or offal deliberately left in specially designated areas (vulture feeding stations/trapping sites for telemetry purposes) and are just reported indicatively. Each individual recorded attempting to capture, carrying prey, or feeding at prey carcass was counted as one instance. The data were divided in the same categories as with other prey/food items and were examined as percentages. Field observations were not used in the main prey item analysis, but served as a secondary dataset cross-validating the results of prey analysis.




2.6. Data Analysis


Diet diversity: We processed 711 prey remains and 182 pellets. We classified prey items in 13 prey categories: birds, mammals and reptiles comprised five, six and two categories respectively (Table 1). The database used in the analysis comprised 797 items (12 territories) out of 827 items (15 territories) collected overall: we included in the analysis only data from 11 territories (breeding season: 621 items) and from seven territories (non-breeding season: 176 items), where samples included at least 10 items [12]. Data from six territories were used for the seasonal comparison, satisfying the above criterion for both seasons. For each territory we calculated the frequency (%) of the prey category occurrence, as well as the Levin’s Diet Breadth index (B) [33] that reflects the diversity of prey in terms of diet breadth, according to the equation B = 1/Σ(pi2), where pi is the proportion of each prey category in the territory sample. We also calculated for each prey category its prevalence (P), as the ratio of the number of territories where any item of the prey category was recorded vs. the number of all territories. We ran the same analysis for all territories taken together (population level).



Spatial and habitat analysis: We performed a Principal Component Analysis (PCA) to visualize in two-dimensional triplots the ecological distance of the territories sampled in terms of their diet composition, in relation to the five environmental variables considered. Due to the small sample size no constrained analysis was possible. Analysis was performed using CANOCO 5.12 [39]. Relationships detected were also checked with univariate Spearman correlations.



Seasonal variation: We ran a binomial chi-square test of proportions [40] for each category at the population level, i.e., prey items pooled per season from all territories of at least 10 items. To pinpoint any significant differences in diet categories between seasons, we first employed an analysis of similarity (ANOSIM) (n = 6 territories). We then ran both a paired Wilcoxon signed ranks test and a Simper test (restricting the permutations within territory blocks to retain the territory as the main sampling unit). For this analysis, since our expectations were for all non-reptilian categories to increase and for reptilian to decrease, we set a one tailed α level of p ≤ 0.1 and accepted results as important when this was satisfied at both tests. To compare the seasonal diet breadth variation (six territories), we compared the Levin’s diet breadth index in the two seasons (Wilcoxon signed rank test), after testing the assumption of symmetry with a Miao, Gel and Gastwirth [41] bootstrap test (Test statistic = 0.77, p= 0.41). We ran the above tests also at the taxonomic class level (birds, mammals, reptiles). Statistical analyses were conducted using vegan package [42] in R 1.12 [43], data were managed with Microsoft ExcelTM, and all habitat and spatial data were derived in QGis [44].





3. Results


3.1. Golden Eagle Diet


The overall golden eagle diet database included 827 items from 53 different taxa collected from 15 territories. We identified 21 mammal, 23 bird, and nine reptile species, of which 16 and 10 were unique for breeding and non-breeding seasons respectively (Appendix A). Bird taxa included corvids (mostly Garrulus glandarius), pigeons and thrushes (Columba livia domestica, Columba palumbus and Turdus spp.), raptors and owls, waterbirds (mostly Larus michahellis and Anatidae) and all other birds (Phasianidae, smaller passerines, and unidentified). Mammal taxa included carnivores (Vulpes vulpes, Martes foina and other mustelids, domestic dogs and cats), hares (Lepus capensis), hedgehogs (Erinaceus roumanicus), larger rodents (Sciurus vulgaris, Glis glis), domestic and wild ungulates (usually taken as carrion although roe deer (Capreolus capreolus) might be actively hunted), and others (smaller rodents and unidentified). Reptile taxa included tortoises, snakes and lizards. Reptiles and in particular tortoises comprised the mainstay of the eagle diet in northern Greece during the breeding period, followed by mammals (predominantly carnivores), and birds (Table 1).




3.2. Seasonal Variation of Golden Eagle Diet


During the breeding season golden eagles consumed more reptiles, and particularly tortoises. Birds and mammal prey item categories were not prevalent across all territories and their average frequencies did not exceed 5%. (Table 1, Table S2) In the non-breeding season, the importance of reptiles decreased, as expected, with a consequent increase in birds and mammals. Of all categories, only tortoises were again prevalent across all territories, but most other categories were more prevalent and exceeded 5 % of the total items per territory on average (Table 1, Table S2).



At the population level, the consumption of tortoises decreased by 46 % from the breeding to non-breeding season and inversely the consumption of birds and mammals increased by 20% and 23% respectively (Table 1). Golden eagles took significantly more tortoises in the breeding season than in the non-breeding season, and significantly more thrushes and pigeons, waterbirds, other birds, carnivores, hedgehogs, ungulates, other mammals in the non-breeding season (Table 2).



The territory level analysis (n = 6) also showed significant difference in diet composition between the two seasons (ANOSIM: R = 0.79, p= 0.03 on 63 permutations, p< 0.01 on unrestricted 999 permutations). The prey categories of ‘other birds’, carnivores, hares were significantly higher in the non-breeding season than in the breeding season, and tortoises significantly lower, across both Wilcoxon and Simper tests. Differences were also significant across all tests at the class level (Table 2).



Diet diversity as expressed by the Levin’s diet breadth was higher during the non-breeding season when considering both the 13 prey categories and the three classes (birds, mammals, reptiles) (V = 0, p= 0.03) (Figure 2).




3.3. Relationships of Golden Eagle Diet to Spatial and Habitat Characteristics


No spatial structure was evident in the data, as the distance between nests was not significantly correlated with the Renkonen Index of similarity (Spearman rho =0.06, p = 0.55) and this was reflected in the spacing of the territories across the PCA axes. The two first PCA axes explained 92.5% and 67.9% of the diet variability of the breeding and non-breeding datasets respectively (Figure 3). Tortoises (R_t) were more prominent as prey in territories with high canopy cover during the breeding season and in territories with low canopy cover in the non-breeding season (Figure 3, Table S3), the latter also pinpointed by Spearman correlation (rho= −0.86, p = 0.02). Inversely, golden eagles preyed on hares in lower canopy cover habitats during the breeding season (rho = −0.63, p < 0.04) and in more closed habitats during the non-breeding season. Carnivores (M_ca), hedgehogs (M_he) and other birds (B_o) were prominent prey in territories with significant agricultural land cover during the non-breeding season.




3.4. Field Observations


Tortoises comprised 55.1% of the 102 observations of golden eagle hunting/feeding behavior as apparent targets and, combined with snakes and lizards, reached 65.3% (Appendix B). Of the actual instances where the eagles were successful (86), the same percentages reached 67.4 and 76.6% respectively. Only 10% of the reptilian observations happened during the non-breeding season (Appendix B).



The typical reptile hunting method which was observed involved slow descent from a moderate height gained through circling and low gliding flight, prospecting the ground. Eagles were capturing reptilian prey descending slowly, sometimes in seemingly dense canopy, even landing and walking to the base of scrub. Carnivores comprised 6.9% of the 102 records and at least five of the seven instances related to already dead animals visited by pairs. Ungulates comprised also 6.9% and involved mostly carrion and offal but include unsuccessful attempts by a pair on roe deer and attempt at attacking young chamois (Rupicapra r. balcanica). All other mammalian categories comprised a further 4.9% of instances. One particular behavior, potentially explaining the presence of glirids in eagle diet was a capture of a small mammal (could not be identified) after an individual perched on a tree canopy, plunged suddenly into the tree. Birds comprised 12.7% of observations with a small percentage of success (3 out of 13 instances). Birds were hunted with aerial maneuvers, including tandem hunting of smaller raptors by pairs (3 instances), corralling of flocking birds by a pair (1), nest raiding (2), aerial chases (3) and near vertical stoops (2) at very high speeds. 10 instances regarded scavenging divided equally between ungulates and carnivores (including a roadkill). An additional 96 observations of eagles feeding on carrion and offal deliberately left for avian scavengers were also registered, 75 of which in the non-breeding season, when the majority of such disposals were made.





4. Discussion


4.1. Golden Eagle Diet


To our knowledge, our analysis has been the first to incorporate findings from the non-breeding season across the Mediterranean. We found 53 taxa in the entire dataset, among which unusual items e.g., a European free-tailed bat (Tandarida teniotis) and birds as small as blue tits (Cyanistes caeruleus). The number of taxa recorded was unusually large for Balkan golden eagle prey composition [45,46,47] but higher numbers have been reported, e.g., in Scotland and Bavaria [12,48]. Our findings stressed the importance of tortoises in the golden eagle diet in Greece. Unlike most other studies, we also included data for the non-breeding season and found a shift towards a wider variety of prey categories during that period.



Our tortoise estimate of 62.2% across the entire dataset is within the range of the reported values for the Balkan populations [45,46,47], with the overall importance of tortoises not diminishing, despite the inclusion of non-breeding season data (28.3% of the entire dataset). The rest of the prey categories, apart from the hares, are within the limits of published values for the Palearctic [9] and the Balkans [45,46,47]



Hares accounted for 1.8% in our dataset. This is a relatively low percentage, as is the 3.7 % in the non-breeding season, although during that period consumption increased. Leporids in general and hares where rabbits are absent, will usually form an important part of the eagle’s diet, exceeding 10% in several Palearctic populations [9]. Low percentages however for the Mediterranean are not uncommon (e.g., [4] as is the case for the Balkans [45,46,47]. Hares were generally considered important for golden eagles in Greece [49] and this is even reflected in several common names and traditions in the country [50]. A similar result was recorded with partridges, another species that was considered important [49].



Carrion consumption was relatively low compared to many other populations where it might exceed 10% [9]. However, the consistent response of golden eagles to carrion and offal, supplied or naturally occurring in our behavioral dataset, indicates that especially in winter, carrion would be utilized when encountered, as is the normal for golden eagle populations [2] and carrion did increase substantially during the non-breeding season.



Regarding the role of the golden eagle as a super predator, raptors and owls had a limited incidence, but carnivores were the most important non-reptilian category, especially in the non-breeding season. Carnivores are important at similar magnitudes of 5–20% in several palearctic populations [4,9]. It has been suggested that the presence of golden eagles might alter carnivore and raptor incidence and behavior, thus incurring benefits to small game populations [51,52].




4.2. Seasonal Variation of Eagle Diet


We found a considerable shift from a reptile based diet to a more inclusive of other classes in winter, despite the incidence of tortoises that did not disappear altogether. The only raptor with higher dependence on ectothermic and hibernating prey (reptiles only in this case) in SE Europe, the short–toed eagle (Circaetus gallicus), is a Palearctic-Paleotropic migrant [17]. Adult golden eagles in similar latitudes stay year-round in their territories [9] and in our population, they can compensate for the temporary low availability of their main prey by expanding their diet breadth through a shift on other taxa and carrion.



Eagles switch part of their diet on whatever is available during the non-breeding season. At the population level, almost all the non-reptilian prey categories showed considerable increases in the non-breeding season diet. Of avian taxa, increased frequencies of waterbirds and thrushes and pigeons, have been found also in other eagle diet studies during winter, possibly as these taxa more abundant and flocking at this period [53,54]. A tendency to exploit a locally abundant food source was apparent in territory 12 where waterbirds (gulls) were taken at relatively high frequencies as the site is situated close to a large refuse dump (category artificial land). Besides, the fact that some categories were significant at the population level only, indicates that they are highly consumed only in certain territories, instead of uniformly across the population. Across the population, only carnivores, a variety of smaller birds, carrion and hares were retained in both our territory analyses. We believe all the above to indicate that golden eagles respond as generalists in the absence or lower incidence of their main prey, expanding their diet to several taxa and could be thus classified as facultative specialists [55].




4.3. Habitat Variables and Diet


We found that golden eagle hunted tortoises in closed habitats during the breeding season and in more open habitats in the non-breeding season. The higher tortoise abundance in the breeding season, combined with limited escape capabilities, could allow hunting in the more forested areas, whilst in the non-breeding season, any active tortoises during mild, sunny days might be more prevalent in open areas. The inverse pattern was found for hares. Hares might be more abundant in openings [56], and their higher sensory ability and agility facilitates capture in larger openings. In the non-breeding season, the absence of leaf cover might facilitate detection, allowing hare hunting in more dense areas [13]. Agriculture (in the ridges of our territories mostly low input such as cereal and alfalfa crops) was associated with more carnivores, hedgehogs and other birds. Small scale, low input agriculture increases habitat mosaics and edges and can plausibly attract several taxa on which Mediterranean raptors might feed [57].




4.4. Tortoise Dependence


Golden eagles in the Balkans, including our population, display an unusual diet and to our knowledge, are the highest recorded adult tortoise predators both between conspecific populations and other avian taxa [9,10,17,18,19,45,46,47,58,59,60,61,62,63,64]. Only [62] noted a 31.9 % of tortoise incidence in golden eagle diet outside the region. From other species in the Balkans, similar magnitude (31.5% albeit on mostly young tortoises) was reported for the Egyptian vulture (Neophron percnopterus) [19,64] and for some pairs (up to 30%) of the now locally extinct bearded vulture (Gypaetus barbatus) [65].



Eagles capture tortoises in even small openings and to break the carapace open, drop them in a near suitable rocky surface, in a manner similar to the bone dropping behavior of the bearded vulture [66]. Prey and nut dropping to access the interior of hard shells is widely recorded and studied among several bird taxa from different orders, where it has arisen independently and is considered a borderline tool-using behavior, directly linked to foraging innovation rate [67] and such innovations are generally associated with diet-generalist species with larger relative brain metrics [68,69]. This learned behavior might be acquired culturally through vertical transmission. Raptors are known to train through play during the post fledging dependence period, benefitting by adult experience [70,71]. We did observe juveniles following adults with tortoises during this period and even dropping items (pieces of carrion) for which this behavior is unnecessary. Additionally, observations of immature eagles failing to break carapaces in unsuitable substrate (ploughed field), suggest that experience might also be involved.



Golden eagles are reported in N.E. Greece (Dadia National Park) to prefer male individuals over females, E. hermanni over T. graeca and show a tendency to catch medium sized individuals of both species (1–1.5 kg) [72]. Tortoise predation is costly in terms of prey handling, as golden eagles might need to drop them repeatedly sometimes to break the carapace sufficiently open for consumption. During handling, tortoises might be lost if they roll into very dense vegetation or otherwise inaccessible spots after the drop. However, golden eagles show a clear preference to tortoises for several reasons. First, tortoises are in general easy to capture, and according to our results, they can be captured in fairly dense vegetation where the high speed and maneuverability required to capture other typical eagle prey taxa (e.g., Leporids and birds) is not possible. Indeed, our observed tortoise capture behaviors correspond to the “Low flight and slow descent attack” and “walk and grab attack” described by Watson [9]. Second, tortoises can reach high densities especially during the breeding season, reaching up to 20 tortoises/ha [73], compared to e.g., a reported 0.036 hares/ha [74] reported from Greece. Third, they have a nigh nutritional value, despite the carapace entailing a 31% wastage component [75], further enhanced by scales and bones. Anything apart from the carapace and intestines may be consumed by the eagles although limbs and heads are found nearly intact in pellets and they are not always taken as sometimes they are found attached in carapaces. Data on nutritional value show tortoises to be comparable if not higher to e.g., Leporids (134 Kcal/100 g vs. 112 Kcal/100 g [75,76]. An adult Hermann’s tortoise in the preferred size of 1.5 kg, would therefore provide ~950 g of edible mass to a growing chick (7% and 17% dry weight of fat and protein). Finally, specific tortoise behaviors, e.g., sunning in early morning in openings may further augment encounter rates [72]. It is possible therefore, that all the above factors, have contributed to this facultative prey specialization, consistent with the Prey Availability Hypothesis of [12].



We found an unexpectedly high incidence of tortoises in the non-breeding season, in some territories exceeding 25%. Tortoises may become active in mild winter days [25], and during our sampling winters they could be active during prolonged spells of mild weather. The earliest we have observed eagles with tortoises was the 8th of February, again more than a month before our latest non-breeding period collection. It is possible that only repeated, very intensive sampling before and after very cold spells would provide an accurate picture of the eagle’s responses to a complete absence of tortoises.



Our results concerned low to mid-attitude golden eagles’ territories. Pairs in the Balkans nesting at higher altitudes may not have access to tortoises, whose distribution is limited at 1500 m asl [46,77] where hares and partridges might be more important as prey. Comparisons of the productivity of pairs with and without access to tortoises (i.e., nesting in the high altitude mt ranges of the Balkans) would provide further answers about the adaptive significance of tortoise hunting.




4.5. Methodological Insights


Non-breeding season samples were smaller than the breeding season in relation to the effort invested (Table S1). Collecting non-breeding season data might yield smaller samples as eagles do not have to feed growing chicks and spread their time in wider areas than the immediate perimeter of the nest [78,79]. Despite the differences in sample sizes, we believe the differences we detected to be genuine due to our minimum requirement for sample inclusion (10 items) and the fact that reptiles would be in any case less abundant.



All raptor diet assessment methods have to some degree inherent biases and different methods might yield different results [31]. In our case, there is the possibility that tortoise carapaces are more prone to detection during prey item collections as they are relatively larger and more persistent in time compared to e.g., fur or feather pellets [19]. However, we believe that the high tortoise predation is not overestimated. Adult golden eagles are known to discard persistent prey remains away from nests, including tortoise carapaces, and even consume pellets [26]. Tortoises also comprised majority of prey remains in nests where the search area is very small and standardized. Furthermore, the overall frequency of tortoises observed as prey during field observations was very high, confirming the dietary dataset. Additionally, our prey item analysis, the MNI method combining pellets and prey remains that has been suggested as the less biased for golden eagles elsewhere, tends to underestimate the most common prey [80]. Ungulates on the other hand might be underrepresented in pellets, especially if the eagles feed on soft parts of a carcass and this might explain a relatively low incidence in diet samples.



Finally, a larger dataset of territories sampled would allow a more robust analysis of the impact of environmental variables on diet selection. However, our results have plausible explanations, and can be considered as a basis for further research in this direction.




4.6. Conservation Implications


Our findings have potentially serious conservation implications for our study population. Golden eagle breeding metrics can be negatively affected where main prey availability (tortoises in our case) declines or altogether collapses [3,81,82]. Both tortoise species have an unfavourable conservation status and a declining population trend, the Hermann’s tortoise populations are considered Vulnerable (VU) [77,83], threatened by excess mortality and habitat loss through agricultural intensification, land abandonment, development and wildfires [84]. Such pressures are widespread in Mediterranean woodlands and garrigue [85] that dominate much of our population’s distribution range.



Wildfires, endemic in our study area (Table S4), can have abrupt, catastrophic mortality effects on tortoise populations, particularly in the widespread among our territories scrub cover [73]. Especially megafires, are expected to increase in incidence concurrently with extreme heat events [86]. While e.g., hares might recover quickly [74], tortoise population recovery after fires is slow [87], hindered by limited recolonization due to low mobility [88] and the slow growth rates of any new hatchlings that can reach 500 g under optimal conditions only after four years [89]. Wildfire likelihood is enhanced also by the land abandonment that incurs increased fuel loads through the expansion of woody vegetation where grazing and small-scale farming declines [90]. The land abandonment-induced expansion of canopy cover is documented in parts of our study area [91,92] in the Rhodope mts and Dadia forest. This trend, apart from other negative biodiversity impacts [93,94] reduces the open areas raptors such as the golden eagle rely for hunting [95,96,97], like the small openings where reptile capture is possible [13] and the open ridges that we found to favor hare predation in the breeding season. Both tortoises and hare abundance has been found to be greater in open habitats such as pasture and scrubland mosaics [56,87,98]. Habitat loss through wildfires and increased canopy cover has been found to affect golden eagle populations and particularly pairs in areas of high density that cannot compensate for this loss through range expansion [99,100]. Habitat management such as grazing and prescribed burning [101,102] promoting habitat mosaics will thus reduce megafire incidence [103], and the associated biodiversity benefits will promote both the main and alternative prey availability [104,105,106].



Game species encountered in the golden eagle diet collection and behavioral datasets include the wild boar (Sus scrofa, whose offal is usually discarded in situ), hares, Turdus thrushes, ducks and woodpigeons, that are legally hunted in Greece during the winter months. Especially in winter and by immature individuals, the consumption of such items might be a possible pathway of lead ingestion as has been found elsewhere for this and other eagle species [107,108,109,110]. Lead levels have only been investigated incidentally in Greek raptors [111] and relevant studies incorporating tissues of dead birds, feathers and whole blood of handled specimens are required (preliminary findings in four of our territorial eagles have found small but detectable levels, Azmanis and Sidiropoulos, unpublished data).



We found that carrion, although the most likely class taken as such (ungulates) is underrepresented in pellets, can be important for golden eagles. The main carrion source in our area are livestock herds, declining concurrently to extensive grazing with land abandonment [112,113]. It might be particularly important in winter and for inexperienced, dispersing birds [9,114] and can be utilized even during the summer months [115]. Declining carrion availabilities are also exacerbated by the EU legislation on carrion and offal management that forbids the in situ disposal especially as the article 14 of the EC1069/2009 that amends this situation in Special Protection Areas has not been embodied in Greek legislation. Carrion can also be a potential hazard. Wildlife poisoning using offal and carcasses as baits is widespread in the Greek countryside [116] and is the main mortality factor for carrion eating birds. It has devastated vulture populations in mainland Greece [117,118] and accounts for >60% of the recorded golden eagle mortality in our study area in the last 30 years.





5. Conclusions


In conclusion, golden eagles have shown a considerable seasonal dietary plasticity in our study area, shifting from a narrow, reptile based diet to a broader diet more inclusive of various mammalian and avian taxa in the non-breeding season. The declining tortoise populations should be monitored and protected across the golden eagle range in our study area, in terms of management implications, with habitat management promoting landscape heterogeneity. The latter, based on our results where some prey categories where only locally important, should be considered on a territory basis after consideration of local features such as habitat conditions and stocking densities [12].
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Table A1. The 53 prey taxa of the golden eagle diet in northern Greece, with reference to the 13 class categories used in the analysis. N: the number of prey items, -: unidentified at this taxonomic level. Superscripts indicate prey item found only during the breeding season (b) or only at the non-breeding season (nb).
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Class Category

	
Class

	
Order

	
Family

	
N

	
%

	
Lowest Taxonomic Level Identified






	
Mammals all other

	
Mammalia

	
-

	
-

	
4

	
0.5

	




	
Mammals all other

	
Cheiroptera

	
Molossidae

	
1

	
0.1

	
Tandarida teniotis b (1)




	
Hedgehogs

	
Eulipotyphla

	
Erinaceidae

	
34

	
4.1

	
Erinaceus concolor (35)




	
Mammals all other

	
Eulipotyphla

	
Soricidae

	
3

	
0.4

	
-




	
Hares

	
Lagomorpha

	
Leporidae

	
15

	
1.8

	
Lepus capensis (15)




	
Mammals all other

	
Rodentia

	
Muridae

	
15

	
1.8

	
Mus musculus (1), Apodemus sp (3), Rattus sp (2), unidentified (9)




	
Glirids and Sciurids

	
Rodentia

	
Gliridae

	
13

	
1.6

	
Glis glis




	
Glirids and Sciurids

	
Rodentia

	
Sciuridae

	
10

	
1.2

	
Sciurus vulgaris




	
Carnivores

	
Carnivora

	
Canidae

	
16

	
1.9

	
Canis sp nb (2), V vulpes (14)




	
Carnivores

	
Carnivora

	
Mustelidae

	
29

	
3.5

	
M Meles b (2), Martes foina (19), Martes sp (5), Mustela nivalis b (2), M putorius b (1)




	
Carnivores

	
Carnivora

	
Felidae

	
2

	
0.2

	
Felis catus nb




	
Ungulates

	
Artiodactyla

	
Bovidae

	
15

	
1.8

	
Caprini (5), Capra hircus (7), Ovis ariesnb (2), Bos taurus b (1)




	
Ungulates

	
Artiodactyla

	
Cervidae

	
3

	
0.4

	
Capreolus capreolus nb




	
Ungulates

	
Artiodactyla

	
Suidae

	
2

	
0.2

	
Sus domestica b




	
Ungulates

	
Perissodactyla

	
Equidae

	
1

	
0.1

	
Equus sp b




	
Birds all other

	
Aves

	
-

	
-

	
11

	
1.3

	




	
Warerbirds

	
Pelecaniformes

	
Phalacrocoracidae

	
1

	
0.1

	
Phalacrocorax carbo b




	
Waterbirds

	
Anseriformes

	
Anatidae

	
2

	
0.2

	
Anas strepera b (1)




	
Raptors and Owls

	
Accipitriformes

	
Accipitridae

	
2

	
0.2

	
Buteo buteo b (1)




	
Raptors and Owls

	
Falconiformes

	
Falconidae

	
1

	
0.1

	




	
Birds all other

	
Galliformes

	
Phasianidae

	
3

	
0.4

	
Alectoris graeca b (2), C coturnix b (1)




	
Waterbirds

	
Charadriiformes

	
Laridae

	
16

	
1.9

	
Larus michahellis (14), Larus sp (2)




	
Thrushes and pigeons

	
Columbiformes

	
Columbidae

	
12

	
1.5

	
Columba palumbus (5), C livia domestica (5), Streptopelia turtur b (1), unidentified 1




	
Birds all other

	
Apodiformes

	
Apodidae

	
1

	
0.1

	
Apus melba b




	
Birds all other

	
Caprimulgiformes

	
Caprimulgidae

	
2

	
0.2

	
Caprimulgus europaeus b




	
Raptors and owls

	
Stringiformes

	
Stringidae

	
1

	
0.1

	
Athene noctua nb




	
Birds all other

	
Passeriformes

	
-

	
9

	
1.1

	




	
Birds all other

	
Passeriformes

	
Alaudidae

	
1

	
0.1

	
Galerida cristata nb




	
Thrushes and pigeons

	
Passeriformes

	
Turdidae

	
22

	
2.7

	
Turdus philomelos 8, T merula 5, Turdus spnb (5), T viscivorus 3, T pilaris 1




	
Birds all other

	
Passeriformes

	
Paridae

	
1

	
0.1

	
Cyanistes caeruleus nb




	
Birds all other

	
Passeriformes

	
Sturnidae

	
7

	
0.8

	
Sturnus vulgaris




	
Corvids

	
Passeriformes

	
Corvidae

	
18

	
2.2

	
Garrulus glandarius (15), Corvus cornix nb (2), Pica pica (1)




	
Birds all other

	
Passeriformes

	
Fringillidae

	
2

	
0.2

	




	
Snakes and lizards

	
Reptilia

	
Squamata

	
Anguidae

	
24

	
2.9

	
Pseudopous apodus




	
Snakes and lizards

	
Squamata

	
Lacertidae

	
6

	
0.7

	
Lacerta spp. 6, Podarcis spp 1




	
Snakes and lizards

	
Serpentes

	
-

	
3

	
0.4

	




	
Snakes and lizards

	
Ophidia

	
Colubridae

	
7

	
0.8

	
Elaphe situla b (2), Dolichophis caspius (4), Platyceps najadum nb (1)




	
Snakes and lizards

	
Ophidia

	
Psammophilidae

	
3

	
0.4

	
Malpolon insignitus




	
Tortoises

	
Chelonia

	
Testudinidae

	
511

	
61.8

	
Eurotestudo hermanni (133), Testudo graeca (56), Testudo spp. (322)




	

	

	

	

	
827
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Table A2. Summary of the observation dataset. N of instances refers to all behavioral interactions including unsuccessful attacks, N of successes to instances where eagles were seen successfully capturing prey or feeding in prey already captured or scavenged.
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Prey Category

	
N of Instances

	
N of Successes

	
Breeding Season

	
Non–Breeding Season






	
Corvids

	
4

	
0

	
3

	
1




	
Raptors and owls

	
3

	
0

	
2

	
1




	
Thrushes and pigeons

	
1

	
1

	
0

	
1




	
Waterbirds

	
1

	
0

	
1

	
0




	
Other birds

	
4

	
2

	
4

	
0




	
Carnivores

	
7

	
7

	
2

	
5




	
Glirids and Sciurids

	
1

	
1

	
1

	
0




	
Hedgehogs

	
2

	
2

	
1

	
1




	
Hares

	
1

	
1

	
1

	
0




	
Ungulates

	
7

	
5

	
1

	
6




	
Other mammals

	
1

	
1

	
2

	
2




	
Snakes and lizards

	
12

	
12

	
9

	
3




	
Tortoises

	
57

	
57

	
53

	
4




	
Ungulates (carrion and offal)

left on designated sites

	
96

	
21

	
75











References


	



Newton, I. Population Ecology of Raptors; Poyser: Berkhamstead, UK, 1979. [Google Scholar]

	



Watson, J.; Rae, S.R.; Stillman, R. Nesting Density and Breeding Success of Golden Eagles in Relation to Food Supply in Scotland. J. Anim. Ecol. 1992, 61, 543. [Google Scholar] [CrossRef]

	



Fernandez, C. Effect of the Viral Haemorrhagic Pneumonia of the Wild Rabbit on the Diet and Breeding Success of the Golden Eagle Aquila Chrysaëtos (L.). Revue d’Écol. 1993, 48, 323–329. [Google Scholar]

	



Clouet, M.; Gerard, J.-F.; Goar, J.-L.; Goulard, M.; González, L.; Rebours, I.; Faure, C. Diet and Breeding Performance of the Golden Eagle Aquila chrysaetos at the Eastern and Western Extremities of the Pyrenees: An Example of Intra-Population Variability. Ardeola 2017, 64, 347–361. [Google Scholar] [CrossRef]

	



Cadahía, L.; López-López, P.; Urios, V.; Negro, J.J. Satellite telemetry reveals individual variation in juvenile Bonelli’s eagle dispersal areas. Eur. J. Wildl. Res. 2010, 56, 923–930. [Google Scholar] [CrossRef]

	



Resano-Mayor, J.; Hernández-Matías, A.; Real, J.; Parés, F.; Moleón, M.; Mateo, R.; Ortiz-Santaliestra, M.E. The influence of diet on nestling body condition of an apex predator: A multi-biomarker approach. J. Comp. Physiol. B 2016, 186, 343–362. [Google Scholar] [CrossRef]

	



Rutz, C.; Bijlsma, R.G. Food-limitation in a generalist predator. Proc. R. Soc. B Boil. Sci. 2006, 273, 2069–2076. [Google Scholar] [CrossRef]

	



Reif, V.; Tornberg, R.; Jungell, S.; Korpimäki, E. Diet variation of common buzzards in Finland supports the alternative prey hypothesis. Ecography 2001, 24, 267–274. [Google Scholar] [CrossRef]

	



Watson, J. The Golden Eagle, 2nd ed.; Poyser: London, UK, 2010. [Google Scholar]

	



Bedrosian, G.; Watson, J.W.; Steenhof, K.; Kochert, M.N.; Preston, C.R.; Woodbridge, B.; Williams, G.E.; Keller, K.R.; Crandall, R.H. Spatial and Temporal Patterns in Golden Eagle Diets in the Western United States, with Implications for Conservation Planning. J. Raptor Res. 2017, 51, 347–367. [Google Scholar] [CrossRef]

	



Seguin, J.F.; Thibault, J.C.; Torre, J.; Bayle, P.; Vigne, J.D. The Diet of Young Golden Eagles Aquila chrysaetos in Corsica: Foraging in a Man-Made Mammal Fauna. Ardea 2001, 89, 527–535. [Google Scholar]

	



Whitfield, D.P.; Reid, R.; Haworth, P.F.; Madders, M.; Marquiss, M.; Tingay, R.; Fielding, A.H. Diet specificity is not associated with increased reproductive performance of Golden Eagles Aquila chrysaetos in Western Scotland. Ibis 2009, 151, 255–264. [Google Scholar] [CrossRef]

	



Takeuchi, T.; Shiraki, S.; Nashimoto, M.; Matsuki, R.; Abe, S.; Yatake, H. Regional and temporal variations in prey selected by Golden Eagles Aquila chrysaetos during the nestling period in Japan. Ibis 2006, 148, 79–87. [Google Scholar] [CrossRef]

	



Tjernberg, M. Diet of the golden eagle Aquila chrysaetos during the breeding season in Sweden. Ecography 1981, 4, 12–19. [Google Scholar] [CrossRef]

	



Högström, S.; Wiss, L. Diet of the Golden Eagle Aquila chrysaetos (L.) in Gotland, Sweden during the Breeding Season. Ornis Fennica 1992, 69, 39–44. [Google Scholar]

	



Brown, J.L.; Bedrosian, G.; Keller, K.R. Habitat Associations of Golden Eagle Prey Inferred from Prey Remains at Nesting Sites in Utah, USA. J. Raptor Res. 2021, 55, 1–16. [Google Scholar] [CrossRef]

	



Bakaloudis, D.E.; Vlachos, C.G. Feeding Habits and Provisioning Rate of Breeding Short-Toed Eagles Circaetus Gallicus in Northeastern Greece. J. Biol. Res. 2011, 16, 166–176. [Google Scholar]

	



Vlachos, C.G.; Papageorgiou, N.K. Breeding Biology and Feeding of the Lesser Spotted Eagle Aquila Pomarina in Dadia Forest, North-Eastern Greece. In Eagle Studies; Meyburg, B.-U., Chancellor, R.D., Eds.; The World Working Group on Birds of Prey (WWGBP): Berlin, Germany, 1996; pp. 337–347. [Google Scholar]

	



Dobrev, V.; Boev, Z.; Arkumarev, V.; Dobrev, D.; Kret, E.; Saravia, V.; Bounas, A.; Vavylis, D.; Nikolov, S.C.; Oppel, S. Diet is not related to productivity but to territory occupancy in a declining population of Egyptian Vultures Neophron percnopterus. Bird Conserv. Int. 2015, 26, 273–285. [Google Scholar] [CrossRef]

	



Alivizatos, H.; Goutner, V. Feeding Habits of the Long-Legged Buzzard (Buteo Rufinus) during Breeding in Northeastern Greece. Isr. J. Zool. 1997, 43, 257–266. [Google Scholar] [CrossRef]

	



Willemsen, R.E.; Hailey, A. Variation in adult survival rate of the tortoise Testudo hermanni in Greece: Implications for evolution of body size. J. Zool. 2001, 255, 43–53. [Google Scholar] [CrossRef]

	



Handrinos, G.; Kastritis, A. Birds. In The Red Data Book of Threatened Animals in Greece; Legakis, A., Maragkou, P., Eds.; Hellenic Zoological Society: Athens, Greece, 2009; pp. 213–354, (In Greek with English Summaries). [Google Scholar]

	



Ministry of Environment and Energy. Article 12 Reporting for the Implementation of the 2009/147/EC. 2019. Available online: https://cdr.eionet.europa.eu/Converters/run_conversion?file=gr/eu/art12/envxz8njg/GR_birds_reports_20191031-152940.xml&conv=612&source=remote#A091_B (accessed on 15 December 2021).

	



Sidiropoulos, L. The Golden Eagle (Aquila chrysaetos, L.) in the Rhodope Mts: Modelling Densities, Distribution and Population Viability to Inform Conservation. Master’s Thesis, Division of Biology, Imperial College London, London, UK, 2012. [Google Scholar]

	



Speybroeck, J.; Beukema, W.; Bok, B.; van der Voort, J.; Velikov, I. Field Guide to the Amphibians and Reptiles of Britain and Europe; Bloomsbury: London, UK, 2016. [Google Scholar]

	



Sulkava, S.; Huhtala, K.; Rajala, P.; Tornberg, R. Changes in the Diet of the Golden Eagle Aquila chrysaetos and Small Game Populations in Finland in 1957–96. Ornis Fennica 1999, 76, 1–16. [Google Scholar]

	



Featherbase. Featherbase: Online Avian Plumages Collection. Available online: https://www.featherbase.info/en/home (accessed on 6 November 2021).

	



Brom, T.G. Microscopic Identification of Feathers and Feather Fragments of Palearctic Birds. Bijdragen Dierkunde 1986, 56, 181–204. [Google Scholar] [CrossRef]

	



Teerink, B.J. Hair of West-European Mammals; Cambridge University Press: Cambridge, UK, 1991. [Google Scholar]

	



Papageorgiou, N.; Sfouggaris, A.; Vlachos, C.; Bakaloudis, D. Identification of Reptiles through Scale Morphology; Department of Forestry and the Natural Environment, Aristotle University of Thessaloniki (AUTh): Thessaloniki, Greece, 1993. [Google Scholar]

	



Marti, C.D.; Bechard, M.; Jaksic, F.M. Food Habits. In Raptor Research and Management Techniques; Bildstein, K., Bird, D.M., Eds.; Hanckock House: Blaine, WA, USA, 2007; pp. 129–152. [Google Scholar]

	



Katzner, T.E.; Bragin, E.A.; Knick, S.T.; Smith, A.T. Spatial structure in the diet of imperial eagles Aquila heliaca in Kazakhstan. J. Avian Biol. 2006, 37, 594–600. [Google Scholar] [CrossRef]

	



Krebs, C. Ecological Methodology; Benjamin/Cummings: Menlo Park, CA, USA, 1999. [Google Scholar]

	



European Environment Agency/European Union. Copernicus Land Monitoring Service. CORINE Land Cover Dataset 2018. Available online: https://www.eea.europa.eu/data-and-maps/data/copernicus-land-monitoring-service-corine (accessed on 10 December 2021).

	



European Environment Agency/European Union. Copernicus Land Monitoring Service. High Resolution Forest Cover Dataset 2018. pp. 1–4. Available online: https://www.eea.europa.eu/data-and-maps/data/copernicus-land-monitoring-service- (accessed on 10 December 2021).

	



McLeod, D.R.A.; Whitfield, D.P.; McGrady, M.J. Improving Prediction of Golden Eagle (Aquila chrysaetos) Ranging in Western Scotland Using GIS and Terrain Modeling. J. Raptor Res. 2002, 36, 70–77. [Google Scholar]

	



Fielding, A.H.; Haworth, P.F.; Anderson, D.; Benn, S.; Dennis, R.; Weston, E.; Whitfield, D.P. A simple topographical model to predict Golden Eagle Aquila chrysaetos space use during dispersal. Ibis 2019, 162, 400–415. [Google Scholar] [CrossRef]

	



NASA. EODIS ASTER Global Digital Elevation Model [Data Set]. NASA EOSDIS Land Processes DAAC. 2009. Available online: https://search.earthdata.nasa.gov/search/granules?p=C1711961296-LPCLOUD&pg[0][v]=f&pg[0][gsk]=-start_date&q=GDEM&tl=1644645645.19!3!! (accessed on 10 December 2021).

	



Leps, J.; Smilauer, P. Multivariate Analysis of Ecological Data Using CANOCO; Cambridge University Press: Cambridge, UK, 2003. [Google Scholar]

	



Crawley, M.J. The R Book, 2nd ed.; Wiley: London, UK, 2013. [Google Scholar]

	



Gastwirth, J.L.; Gel, Y.R.; Hui, W.; Lyubchich, V.; Miao, W.; Noguchi, K. Package ‘Lawstat’; R Core Team: Vienna, Austria, 2013. [Google Scholar]

	



Oksanen, A.J.; Blanchet, F.G.; Friendly, M.; Kindt, R.; Legendre, P.; Mcglinn, D.; Minchin, P.R.; Hara, R.B.O.; Simpson, G.L.; Solymos, P.; et al. Vegan: Community Ecology Package; Version 2.5-7; R Core Team: Vienna, Austria, 2020. [Google Scholar]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Core Team: Vienna, Austria, 2020. [Google Scholar]

	



QGIS Development Team. QGIS Geographic Information System. 2021. Available online: http://qgis.osgeo.org. (accessed on 10 December 2021).

	



Grubac, B.R. The Golden Eagle (Aquila chrysaetos Chrysaetos) in South-Eastern Yugoslavia. Larus 1988, 38–39, 95–135. [Google Scholar]

	



Kuzmanov, G.; Stoyanov, G.; Todorov, R. Sur la Biologie et la Protection de l’ Aigle Royal Aquila chrysaetos en Bulgarie. In Eagle Studies; Meyburg, B.-U., Chanchellor, R.D., Eds.; The World Working Group on Birds of Prey (WWGBP): Berlin, Germany, 1996; pp. 505–516. [Google Scholar]

	



Georgiev, D.G. Diet of the Golden Eagle (Aquila chrysaetos) (Aves: Accipitridae) in Sarnena Sredna Gora Mountains (Bulgaria). Ecologia Balkanica 2009, 2, 95–98. [Google Scholar]

	



Schweiger, A.; Fünfstück, H.-J.; Beierkuhnlein, C. Availability of optimal-sized prey affects global distribution patterns of the golden eagle Aquila chrysaetos. J. Avian Biol. 2014, 46, 81–88. [Google Scholar] [CrossRef]

	



Handrinos, G.I. L’Aigle Royal en Grece. In Proceedings of the l’ Aigle Royal (Aquila chrysaetos) en Europe—Actes de 1er Colloque International sur l Aigle Royal en Europe; Maison de la Nature: Arvieux, France, 1986; pp. 18–22. [Google Scholar]

	



Stara, K.; Sidiropoulos, L.; Tsiakiris, R. Bound Eagles, Evil Vultures and Cuckoo Horses. Preserving the Bio-Cultural Diversity of Carrion Eating Birds. Hum. Ecol. 2016, 44, 751–764. [Google Scholar] [CrossRef]

	



Lyly, M.S.; Villers, A.; Koivisto, E.; Helle, P.; Ollila, T.; Korpimäki, E. Avian top predator and the landscape of fear: Responses of mammalian mesopredators to risk imposed by the golden eagle. Ecol. Evol. 2015, 5, 503–514. [Google Scholar] [CrossRef]

	



Fielding, A.H.; Haworth, P.F.; Morgan, D.H.; Thompson, D.B.A.; Whitfield, D.P. The Impact of Golden Eagles (Aquila chrysaetos) on a Diverse Bird of Prey Assemblage. In Birds of Prey in a Changing Environment; The Stationary Office: Edinburgh, UK, 2003; pp. 221–244. [Google Scholar]

	



Moleon, M.; Gil-Sanchez, J.M.; Real, J.; Sanchez-Zapata, J.A.; Bautista, J.; Sanchez-Clemot, J.F. Non-Breeding Feeding Ecology of Territorial Bonelli’s Eagles Hieraaetus fasciatus in the Iberian Peninsula. Ardeola 2007, 54, 135–143. [Google Scholar]

	



Sánchez, R.; Margalida, A.; González, L.M.; Oria, J. Temporal and Spatial Differences in the Feeding Ecology of the Spanish Imperial Eagle Aquila adatberti during the Non-Breeding Season: Effects of the Rabbit Population Crash. Acta Ornithol. 2009, 44, 53–58. [Google Scholar] [CrossRef]

	



Glasser, J.W. A Theory of Trophic Strategies: The Evolution of Facultative Specialists. Am. Nat. 1982, 119, 250–262. [Google Scholar] [CrossRef]

	



Bakaloudis, D.E.; Vlachos, C.G.; Bontzorlos, V.A.; Papakosta, M.; Chatzinikos, E. European Hare (Lepus europaeus) Density Response in Mediterranean Ecosystems. In Proceedings of the 29th International Union of Game Biologists, Moscow, Russia, August 2009; Available online: https://www.researchgate.net/publication/260851278_EUROPEAN_HARE_LEPUS_EUROPAEUS_DENSITY_RESPONSE_IN_MEDITERRANEAN_ECOSYSTEMS (accessed on 10 December 2021).

	



Sánchez-Zapata, J.A.; Calvo, J.F. Raptor distribution in relation to landscape composition in semi-arid Mediterranean habitats. J. Appl. Ecol. 1999, 36, 254–262. [Google Scholar] [CrossRef]

	



Murgatroyd, M.; Avery, G.; Underhill, L.G.; Amar, A. Adaptability of a specialist predator: The effects of land use on diet diversification and breeding performance of Verreaux’s eagles. J. Avian Biol. 2016, 47, 834–845. [Google Scholar] [CrossRef]

	



Malan, G.; Branch, W.R. Short Communications: Predation on Tent Tortoise and Leopard Tortoise Hatchlings by the Pale Chanting Goshawk in the Little Karoo. S. Afr. J. Zool. 1992, 27, 33–35. [Google Scholar] [CrossRef]

	



Demerdzhiev, D.; Dobrev, D.; Isfendiyaroǧlu, S.; Boev, Z.; Stoychev, S.; Terziev, N.; Spasov, S. Distribution, Abundance, Breeding Parameters, Threats and Prey Preferences of the Eastern Imperial Eagle (Aquila heliaca) in European Turkey. Slovak Raptor J. 2014, 8, 17–25. [Google Scholar] [CrossRef]

	



Shafaeipour, A. Nesting Season Diet of Golden Eagles (Aquila chrysaetos) in Western Iran. J. Raptor Res. 2015, 49, 303. [Google Scholar] [CrossRef]

	



Varshavski, S.N. Feeding of Aquila chrysaetos in Southwestern Ust-Urt [in Russian]. Ornitologija 1968, 9, 146–149. [Google Scholar]

	



Longshore, K.; Esque, T.; Nussear, L.; Johnson, D.R.; Simes, M.; Inman, R. An Assessment of Food Habits, Prey Availability, and Nesting Success of Golden Eagles within the Desert Renewable Energy Conservation Plan Area; California Energy Commission: Sacramento, CA, USA, 2017.

	



Vlachos, C.G.; Papageorgiou, N.; Bakaloudis, D.E. Effects of the Feeding Station Establishment on the Egyptian Vulture Neophron percnopterus in Dadia Forest, North Eastern Greece. In Holartctic Birds of Prey; Chancellor, R.D., Meyburg, B.-U., Ferrero, J.J., Eds.; ADENEX & WWGBP: Merida, Germany; Berlin, Germany, 1998; pp. 197–207. [Google Scholar]

	



Grubac, B.R. Status & Biology of the Bearded Vulture Gypaetus barbatus Aureus in Macedonia. Birds Prey Bull. 1991, 4, 101–117. [Google Scholar]

	



Margalida, A.; Bertran, J. Function and Temporal Variation in Use of Ossuaries by Bearded Vultures (Gypaetus barbatus) during the Nestling Period. Ornithology 2001, 118, 785–789. [Google Scholar] [CrossRef]

	



Boire, D.; Nicolakakis, N.; Lefebvre, L. Tools and Brains in Birds. Behaviour 2002, 139, 939–973. [Google Scholar] [CrossRef]

	



Ducatez, S.; Clavel, J.; Lefebvre, L. Ecological generalism and behavioural innovation in birds: Technical intelligence or the simple incorporation of new foods? J. Anim. Ecol. 2014, 84, 79–89. [Google Scholar] [CrossRef] [PubMed]

	



Lefebvre, L.; Nicolakakis, N. Forebrain Size and Innovation Rate in European Birds: Feeding, Nesting and Confounding Variables. Behaviour 2000, 137, 1415–1429. [Google Scholar] [CrossRef]

	



Kitowski, I. Play behaviour and active training of Montagu’s harrier (Circus pygargus) offspring in the post-fledging period. J. Ethol. 2004, 23, 3–8. [Google Scholar] [CrossRef]

	



Kitowski, I. Social learning of hunting skills in juvenile marsh harriers Circus aeruginosus. J. Ethol. 2008, 27, 327–332. [Google Scholar] [CrossRef]

	



Capper, S. The Predation of Testudo Spp by Golden Eagles Aquila chrysaetos in Dadia Forest Reserve, NE Greece. Master’s Thesis, Department of Biology, University of Reading, Reading, UK, 1998. [Google Scholar]

	



Hailey, A. The effects of fire and mechanical habitat destruction on survival of the tortoise Testudo hermanni in northern Greece. Biol. Conserv. 2000, 92, 321–333. [Google Scholar] [CrossRef]

	



Kontsiotis, V.; Tsiompanoudis, A.C.; Bakaloudis, D.E. The influence of habitat structure on the European brown hare Lepus europaeus food habits in mountainous areas of northern Greece. Mammalia 2011, 75, 389–394. [Google Scholar] [CrossRef]

	



Kienzle, E.; Kopsch, G.; Koelle, P.; Clauss, M. Chemical Composition of Turtles and Tortoises. J. Nutr. 2006, 136, 2053–2054. [Google Scholar] [CrossRef]

	



Mertin, D.; Slamečka, J.; Ondruška, Ľ.; Zaujec, K.; Jurčík, R.; Gašparík, J. Comparison of Meat Quality between European Brown Hare and Domestic Rabbit. Slovak J. Anim. Sci. 2012, 45, 89–95. [Google Scholar]

	



Dimaki, M.; Limperakis, P.; Maragkou, P. Reptiles. In The Red Data Book of Threatened Animals in Greece; Legakis, A., Maragkou, P., Eds.; Hellenic Zoological Society: Athens, Greece, 2009; pp. 179–510, (In Greek with English Summaries). [Google Scholar]

	



Watson, J.; Leitch, A.F.; Rae, S.R. The diet of Golden Eagles Aquila chrysaetos in Scotland. Ibis 1993, 135, 387–393. [Google Scholar] [CrossRef]

	



Haworth, P.F.; Mcgrady, M.J.; Whitfield, D.P.; Fielding, A.H.; Mcleod, D.R.A.; Haworth, P.F.; Mcgrady, M.J.; Whitfield, D.P.; Fielding, A.H. Ranging distance of resident Golden Eagles Aquila chrysaetos in western Scotland according to season and breeding status. Bird Study 2006, 53, 265–273. [Google Scholar] [CrossRef]

	



Seguin, J.; Bayle, P.; Thibault, J.; Torre, J.; Vigne, J. A Comparison of Methods to Evaluate the Diet of Golden Eagle in Corsica. J. Raptor Res. 1998, 32, 314–318. [Google Scholar]

	



Steenhof, K.; Kochert, M.N. Dietary Responses of Three Raptor Species to Changing Prey Densities in a Natural Environment. J. Anim. Ecol. 1988, 57, 37. [Google Scholar] [CrossRef]

	



Preston, C.R.; Jones, R.E.; Horton, N.S.; Reston, C.H.R.P. Golden Eagle Diet Breadth and Reproduction in Relation to Fluctuations in Primary Prey Abundance in Wyoming’s Bighorn Basin. J. Raptor Res. 2017, 51, 334–346. [Google Scholar] [CrossRef]

	



Ministry of Environment and Energy. Article 17 Reporting for the Implementation of the Habitats Directive. 2019. Available online: https://cdr.eionet.europa.eu/Converters/run_conversion?file=gr/eu/art12/envxz8njg/GR_birds_reports_20191031-152940.xml&conv=612&source=remote#A091_B (accessed on 15 December 2021).

	



Hailey, A.; Willemsen, R. Changes in the status of tortoise populations in Greece 1984–2001. Biodivers. Conserv. 2003, 12, 991–1011. [Google Scholar] [CrossRef]

	



Tucker, G.M.; Evans, M.I. Habitats for Birds in Europe—A Conservation Strategy for the Wider Environment; BirdLife Conservation Series No. 6; BirdLife International: Cambridge, UK, 1997. [Google Scholar]

	



Ruffault, J.; Curt, T.; Moron, V.; Trigo, R.M.; Mouillot, F.; Koutsias, N.; Pimont, F.; Martin-StPaul, N.; Barbero, R.; Dupuy, J.-L.; et al. Increased likelihood of heat-induced large wildfires in the Mediterranean Basin. Sci. Rep. 2020, 10, 13790. [Google Scholar] [CrossRef] [PubMed]

	



Couturier, T.; Besnard, A.; Bertolero, A.; Bosc, V.; Astruc, G.; Cheylan, M. Factors determining the abundance and occurrence of Hermann’s tortoise Testudo hermanni in France and Spain: Fire regime and landscape changes as the main drivers. Biol. Conserv. 2014, 170, 177–187. [Google Scholar] [CrossRef]

	



Türkozan, O.; Karaman, S.; Yılmaz, C.; Ülger, C. Daily movements and home range of Eastern Hermann’s Tortoise, Testudo hermanni boettgeri (Reptilia: Testudines). Zool. Middle East 2018, 65, 28–34. [Google Scholar] [CrossRef]

	



Robinzon, B.; Nir, I.; Lapid, R. Growth and body composition in captive Testudo graeca terrestris fed with a high-energy diet. Appl. Herpetol. 2005, 2, 201–209. [Google Scholar] [CrossRef]

	



Hadjigeorgiou, I. Past, present and future of pastoralism in Greece. Pastor. Res. Policy Pract. 2011, 1, 24. [Google Scholar] [CrossRef]

	



Triantakonstantis, D.P.; Kollias, V.J.; Kalivas, D.P. Forest Re-growth Since 1945 in the Dadia Forest Nature Reserve in Northern Greece. New For. 2006, 32, 51–69. [Google Scholar] [CrossRef]

	



Poirazidis, K.; Bontzorlos, V.; Xofis, P.; Zakkak, S.; Xirouchakis, S.; Grigoriadou, E.; Kechagioglou, S.; Gasteratos, I.; Alivizatos, H.; Panagiotopoulou, M. Bioclimatic and environmental suitability models for capercaillie (Tetrao urogallus) conservation: Identification of optimal and marginal areas in Rodopi Mountain-Range National Park (Northern Greece). Glob. Ecol. Conserv. 2019, 17, e00526. [Google Scholar] [CrossRef]

	



Moreira, F.; Russo, D. Modelling the impact of agricultural abandonment and wildfires on vertebrate diversity in Mediterranean Europe. Landsc. Ecol. 2007, 22, 1461–1476. [Google Scholar] [CrossRef]

	



Sirami, C.; Brotons, L.; Burfield, I.; Fonderflick, J.; Martin, J.-L. Is land abandonment having an impact on biodiversity? A meta-analytical approach to bird distribution changes in the north-western Mediterranean. Biol. Conserv. 2008, 141, 450–459. [Google Scholar] [CrossRef]

	



Pedrini, P.; Sergio, F. Golden Eagle Aquila chrysaetos density and productivity in relation to land abandonment and forest expansion in the Alps. Bird Study 2001, 48, 194–199. [Google Scholar] [CrossRef]

	



Whitfield, D.P.; McLeod, D.R.A.; Fielding, A.H.; Broad, R.A.; Evans, R.J.; Haworth, P.F. The effects of forestry on golden eagles on the island of Mull, western Scotland. J. Appl. Ecol. 2001, 38, 1208–1220. [Google Scholar] [CrossRef]

	



Ontiveros, D.; Pleguezuelos, J.M.; Caro, J. Prey density, prey detectability and food habits: The case of Bonelli’s eagle and the conservation measures. Biol. Conserv. 2005, 123, 19–25. [Google Scholar] [CrossRef]

	



Nikolić, M.; Cvetković, J.; Stojadinović, D.; Crnobrnja-Isailović, J. Macro- and microhabitat preferences of eastern Hermann’s tortoise (Testudo hermanni boettgeri). Amphibia-Reptilia 2020, 41, 313–322. [Google Scholar] [CrossRef]

	



Steenhof, K.; Kochert, M.N.; McDonald, T.L. Interactive Effects of Prey and Weather on Golden Eagle Reproduction. J. Anim. Ecol. 1997, 66, 350. [Google Scholar] [CrossRef]

	



Whitfield, D.P.; Fielding, A.H.; Gregory, M.J.P.; Gordon, A.G.; McLeod, D.R.A.; Haworth, P.F. Complex effects of habitat loss on Golden Eagles Aquila chrysaetos. Ibis 2006, 149, 26–36. [Google Scholar] [CrossRef]

	



Biswell, H. Prescribed Burning in California Wildlands Vegetation Management; University of California Press: Berkeley, CA, USA, 1989. [Google Scholar]

	



Blondel, J.; Arronson, J. Biology and Wildlife of the Mediterranean Region; Oxford University Press: Oxford, UK, 1999. [Google Scholar]

	



Grove, A.T.; Rackham, O. The Nature of Mediterranean Europe—An Ecological History; Yale University Press: New Heaven, CT, USA, 2001. [Google Scholar]

	



Zakkak, S.; Radovic, A.; Nikolov, S.C.; Shumka, S.; Kakalis, L.; Kati, V. Assessing the effect of agricultural land abandonment on bird communities in southern-eastern Europe. J. Environ. Manag. 2015, 164, 171–179. [Google Scholar] [CrossRef]

	



Kati, V.; Foufopoulos, J.; Ioannidis, Y.; Papaioannou, H.; Poirazidis, K.; Lebrun, P. Diversity, ecological structure and conservation of herpetofauna in a Mediterranean area (Dadia National Park, Greece). Amphibia-Reptilia 2007, 28, 517–529. [Google Scholar] [CrossRef]

	



Kati, V.; Poirazidis, K.; Dufrêne, M.; Halley, J.M.; Korakis, G.; Schindler, S.; Dimopoulos, P. Towards the use of ecological heterogeneity to design reserve networks: A case study from Dadia National Park, Greece. Biodivers. Conserv. 2010, 19, 1585–1597. [Google Scholar] [CrossRef]

	



Herring, G.; Eagles-Smith, C.A.; Buck, J. Characterizing Golden Eagle Risk to Lead and Anticoagulant Rodenticide Exposure: A Review. J. Raptor Res. 2017, 51, 273–292. [Google Scholar] [CrossRef]

	



Ganz, K.; Jenni, L.; Madry, M.M.; Kraemer, T.; Jenny, H.; Jenny, D. Acute and Chronic Lead Exposure in Four Avian Scavenger Species in Switzerland. Arch. Environ. Contam. Toxicol. 2018, 75, 566–575. [Google Scholar] [CrossRef] [PubMed]

	



Gil-Sánchez, J.M.; Molleda, S.; Sanchez-Zapata, J.A.; Bautista, J.; Navas, I.; Godinho, R.; García-Fernández, A.J.; Moleón, M. From sport hunting to breeding success: Patterns of lead ammunition ingestion and its effects on an endangered raptor. Sci. Total Environ. 2017, 613–614, 483–491. [Google Scholar] [CrossRef]

	



Nadjafzadeh, M.; Voigt, C.C.; Krone, O. Spatial, seasonal and individual variation in the diet of White-tailed Eagles Haliaeetus albicilla assessed using stable isotope ratios. Ibis 2015, 158, 1–15. [Google Scholar] [CrossRef]

	



Bounas, A.; Ganoti, M.; Giannakaki, E.; Akrivos, A.; Vavylis, D.; Zorrilla, I.; Saravia, V. First confirmed case of lead poisoning in the endangered Egyptian Vulture (Neophron percnopterus) in the Balkans. Vulture News 2018, 70, 22. [Google Scholar] [CrossRef]

	



Caballero, R.; Fernandez-Gonzalez, F.; Perez Badia, R.; Molle, G.; Roggero, P.P.; Bagella, S.; D’Ottavio, P.; Papanastasis, V.P.; Fotiadis, G.; Sidiropoulou, A.; et al. Grazing Systems and Biodiversity in Mediterranean Areas: Spain, Italy and Greece. Pastos 2009, 39, 9–152. [Google Scholar]

	



Watson, J. The Golden Eagle and Pastoralism across Europe. In Birds and Pastoral Agriculture in Europe: Proceedings of the Second European Forum on Birds and Pastoralism, Port Erin, Isle of Man, UK, 26–30 October 1990; Curtis, D.J., Bignal, E.M., Curtis, M.A., Eds.; Joint Nature Conservation Committee: Inverness, UK; Scottish Chough Study Group: Bridgend, UK, 1991; pp. 56–57. [Google Scholar]

	



Gjershaug, J.O.; Halley, D.; Stokke, B.G. Predefinitive Plumage in the Golden Eagle (Aquila chrysaetos): A Signal of Aggression or Submission? J. Raptor Res. 2019, 53, 431–435. [Google Scholar] [CrossRef]

	



Sánchez-Zapata, J.A.; Eguía, S.; Blázquez, M.; Moleón, M.; Botella, F. Unexpected role of ungulate carcasses in the diet of Golden Eagles Aquila chrysaetos in Mediterranean mountains. Bird Study 2010, 57, 352–360. [Google Scholar] [CrossRef]

	



Ntemiri, K.; Saravia, V.; Angelidis, C.; Baxevani, K.; Probonas, M.; Kret, E.; Mertzanis, Y.; Iliopoulos, Y.; Georgiadis, L.; Skartsi, D.; et al. Animal mortality and illegal poison bait use in Greece. Environ. Monit. Assess. 2018, 190, 488. [Google Scholar] [CrossRef] [PubMed]

	



Velevski, M.; Nikolov, S.C.; Hallmann, B.; Dobrev, V.; Sidiropoulos, L.; Saravia, V.; Tsiakiris, R.; Arkumarev, V.; Galanaki, A.; Kominos, T.; et al. Population decline and range contraction of the Egyptian Vulture Neophron percnopterus in the Balkan Peninsula. Bird Conserv. Int. 2014, 25, 440–450. [Google Scholar] [CrossRef]

	



Sidiropoulos, L.; Tsiakiris, R.; Azmanis, P.; Galanaki, A.; Kastritis, A.; Stara, K.; Konstantinou, P.; Jerrentrup, H.; Xirouchakis, S.; Kominos, T. The Status of Vultures in Greece. In Vulture Conservation in the Balkan Peninsula and Adjacent Regions—10 Years of Research and Conservation; Andevski, J., Ed.; Vulture Conservation Foundation: Skopje, North Macedonia, 2013; pp. 20–23. [Google Scholar]








[image: Diversity 14 00135 g001 550] 





Figure 1. Sampled golden eagle territories in northern Greece. Only data from 11 and 7 territories with ≥10 prey items collected during the breeding and non-breeding seasons respectively were used in the analysis. 






Figure 1. Sampled golden eagle territories in northern Greece. Only data from 11 and 7 territories with ≥10 prey items collected during the breeding and non-breeding seasons respectively were used in the analysis.



[image: Diversity 14 00135 g001]







[image: Diversity 14 00135 g002 550] 





Figure 2. Seasonal Levin’s diet breadth indices on the basis of 13 prey categories (see Table 1) (left), and the three broad taxonomic classes (birds, mammals, reptiles) (right). 
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Figure 3. PCA triplot for breeding (left) and non-breeding (right) seasons, showing the position of territories (dots), environmental parameters (triangles) on ridges at 6.5 km around nests and prey categories (red arrows). agr: agricultural land, cc: canopy cover, scr: scrub and o: open land. Prey categories codified as in Table 1. 
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Table 1. Seasonal and annual diet of the golden eagle in northern Greece in terms of number of prey items per category (N), average seasonal (AFs) and average annual (AF) frequency of prey category across territories, as well as prey category prevalence (P) across territories.
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Prey Categories

	
Code

	
Breeding (n = 11)

	
Non-Breeding (n = 7)

	
Annual




	
N

	
AFs

	
P

	
N

	
AFs

	
P

	
N

	
AF

	
P






	
Birds

	

	
53

	
8.9

	
0.91

	
54

	
31.2

	
1

	
107

	
13.4

	
0.92




	
Birds all other

	
B_o

	
18

	
2.2

	
0.64

	
16

	
9.1

	
0.86

	
34

	
3.4

	
0.67




	
Corvids

	
B_c

	
11

	
3.1

	
0.73

	
7

	
3.7

	
0.71

	
18

	
3.7

	
0.75




	
Raptors and Owls

	
B_ro

	
2

	
0.1

	
0.18

	
2

	
0.8

	
0.29

	
4

	
0.3

	
0.25




	
Thrushes and Pigeons

	
B_tp

	
13

	
2.1

	
0.45

	
19

	
9.3

	
0.86

	
32

	
3.7

	
0.58




	
Waterbirds

	
B_w

	
9

	
1.3

	
0.36

	
10

	
8.2

	
0.86

	
19

	
2.4

	
0.5




	
Mammals

	

	
89

	
16.3

	
1

	
63

	
36.1

	
1

	
152

	
19.97

	
1




	
Carnivores

	
M_c

	
25

	
4.8

	
0.73

	
20

	
11.1

	
0.86

	
45

	
6.1

	
0.83




	
Glirids and Sciurids

	
M_gs

	
14

	
2.4

	
0.36

	
6

	
2.4

	
0.43

	
20

	
2.7

	
0.5




	
Hares

	
M_ha

	
8

	
2.7

	
0.73

	
6

	
3.7

	
0.71

	
14

	
2.9

	
0.83




	
Hedgehogs

	
M_he

	
20

	
2.6

	
0.55

	
13

	
7.2

	
0.57

	
33

	
3.4

	
0.58




	
Mammals all other

	
M_o

	
11

	
2.6

	
0.64

	
9

	
6.4

	
0.86

	
20

	
3.4

	
0.75




	
Ungulates

	
M_u

	
11

	
1.2

	
0.36

	
9

	
5.3

	
0.57

	
20

	
1.5

	
0.42




	
Reptiles

	

	
479

	
7.8

	
1

	
59

	
32.8

	
1

	
538

	
65.6

	
1




	
Snakes and Lizards

	
R_sl

	
30

	
4.6

	
0.73

	
12

	
8.5

	
0.57

	
42

	
6.0

	
0.75




	
Tortoises

	
R_t

	
449

	
70.3

	
1

	
47

	
24.2

	
1

	
496

	
60.7

	
1




	
Total

	

	
621

	

	

	
176

	

	

	
797

	
100
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Table 2. Seasonal variation of golden eagle diet in terms of Wilcoxon matched pairs test and Simper Analysis (n territories = 6, where the number of prey items was ≥10). Means and Binomial test of proportions considered 11 breeding territories and 7 non-breeding territories. Mean values refer to item proportions pooled across territories. p values: * ≤ 0.1, ** < 0.5, *** < 0.01, **** < 0.001.
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Prey Category

	
Means ± SD (%)

	
Binomial Test of Proportions

	
Medians

	
Wilcoxon Matched Pairs Test

	
Simper Analysis




	

	
Breeding

	
Non-Breeding

	
x2

	
p

	
Breeding/Non-Breeding

	
V

	
p

	
Contribution

	
p






	
Birds all other

	
2.2 ± 2.36

	
9.1 ± 6.16

	
11.4

	
****

	
0.04/0.09

	
1

	
*

	
0.06

	
*




	
Corvids

	
3.1 ± 3.35

	
3.7 ± 3.24

	
2.11

	
n/s

	
0.01/0.03

	
0

	
n/s

	
0.02

	
n/s




	
Raptors and Owls

	
0.1 ± 0.35

	
0.8 ± 1.37

	
0.55

	
n/s

	
0/0

	
1

	
n/s

	
0.01

	
n/s




	
Thrushes and Pigeons

	
2.1 ± 3.65

	
9.3 ± 9.56

	
24.7

	
****

	
0.027/0.07

	
3

	
n/s

	
0.07

	
n/s




	
Waterbirds

	
1.3 ± 2.77

	
8.2 ± 10.42

	
8.82

	
***

	
0.01/0.03

	
0

	
*

	
0.07

	
n/s




	
BIRDS

	
8.9 ± 6.61

	
31.1 ± 13.27

	
55.98

	
****

	
0.08/0.5

	
0

	
**

	
0.31

	
**




	
Carnivores

	
4.8 ± 5.60

	
11.1 ± 7.55

	
12.6

	
****

	
0.03/0.11

	
1

	
*

	
0.08

	
**




	
Glirids and Sciurids

	
2.4 ± 4.33

	
2.4 ± 3.29

	
0.35

	
n/s

	
0/0

	
1

	
n/s

	
0.02

	
n/s




	
Hares

	
2.7 ± 3.00

	
3.7 ± 3.22

	
2.45

	
n/s

	
0.01/0.04

	
2

	
*

	
0.03

	
*




	
Hedgehogs

	
2.6 ± 2.73

	
7.2 ± 9.78

	
4.99

	
**

	
0.04/0.01

	
5

	
n/s

	
0.07

	
n/s




	
Mammals all other

	
2.6 ± 3.04

	
6.4 ± 5.57

	
4.97

	
**

	
0.01/0.04

	
0

	
*

	
0.05

	
n/s




	
Ungulates

	
1.2 ± 1.85

	
5.28 ± 5.01

	
4.97

	
**

	
0.01/0.08

	
0

	
*

	
0.05

	
*




	
MAMMALS

	
16.3 ± 10.16

	
36.0 ± 13.34

	
39.55

	
****

	
0.14/0.52

	
0

	
**

	
0.38

	
***




	
Snakes and Lizards

	
4.6 ± 4.85

	
8.51 ± 13.21

	
0.72

	
n/s

	
0.04/0.01

	
14

	
n/s

	
0.07

	
n/s




	
Tortoises

	
70.2 ± 11.05

	
24.25 ± 11.18

	
119.4

	
****

	
0.72/0.25

	
21

	
**

	
0.4

	
***




	
REPTILES

	
74.8 ± 11.57

	
32.9 ± 15.11

	
116.92

	
****

	
0.91/0.49

	
21

	
**

	
0.31

	
***
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