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Abstract

:

Food supply stands out as one of the most critical drivers of population demographics by limiting reproductive rates. In this study, we assessed fluctuations in diet composition and monitored various reproductive parameters over a nine-year period in a Golden Eagle population in an Eastern European peatland. The identification of 2439 prey specimens from 84 species revealed that the studied eagles primarily preyed upon birds (constituting 78.3% of prey numbers and 67.2% of prey biomass) and less on mammals (21.6% and 32.8%, respectively). Grouse emerged as the most important prey group (31% and 27%), followed by waterfowl (17%) and hares (8% and 14%). The most significant prey species, both in terms of numbers and weight, were the Black Grouse, Mountain Hare, Common Crane, and Capercaillie. The share of the Black Grouse decreased, while those of the White-fronted Goose, Roe Deer, and hares increased. The food niche, as measured by the Levins’ index, was broad (6.6), and it expanded during the study. On average, 58.3% of Golden Eagle pairs initiated breeding annually, with 69.1% successfully completing it, and 0.41 young per occupied territory were produced annually; there was pronounced interannual variation in reproductive performance. These fluctuations were associated with the shares of White-fronted Goose, Capercaillie, Mountain Hare and Roe Deer in the diet, suggesting that these species may be gaining increasing importance for the Golden Eagle, particularly following the decline of the Black Grouse.
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1. Introduction


Monitoring demography and understanding the causes of its variation are essential for comprehending the dynamics of animal populations and guiding their management [1,2,3]. Food supply is a crucial factor influencing population demography by limiting reproductive rates. In many bird species, for instance, the breeding rate is heavily influenced by food availability [4]. Consequently, long-lived species such as large raptors may skip breeding in poor years to increase their chances of successful breeding in the future, ultimately maximizing their lifetime reproductive success [5,6]. In other words, parents should balance investment in their offspring against their own chances to reproduce in the future [3,6].



The relationship between food abundance and reproductive success is particularly notable among diet specialists that primarily depend on one or a few prey species [7]. In contrast, diet generalists have the ability to switch to alternative prey species to sustain successful breeding [8]. However, even generalist species have their dietary preferences, and as the abundance of preferred prey species declines, the dietary breadth of predators increases, negatively impacting their reproductive success [9].



The Golden Eagle (Aquila chrysaetos Linné, 1758) is a cosmopolitan raptor species found across the northern hemisphere and adapted to various habitats. As a large generalist top predator, the Golden Eagle preys upon a variety of animals, including mammals, birds, reptiles, and occasionally fish [10]. However, it typically primarily feeds on the few most abundant medium-sized prey species in a given habitat [10,11].



The composition of the Golden Eagle’s diet, its long-term temporal changes, and the fitness consequences are relatively well established in the review by [10]. Reproductive success decreases as the proportion of optimal prey species declines; this is accompanied by an increase in diet breadth, indicated by a higher proportion of suboptimal prey species [10,12]. However, the interannual fluctuations in the Golden Eagle’s diet and their link to reproductive output have received less attention. Similar to long-term changes, annual productivity tends to increase with the abundance of primary prey [13,14,15,16,17,18,19,20], suggesting a bottom-up limitation on eagle reproduction [21].



Although the foraging and reproductive ecology of the Golden Eagle have been relatively well studied in many populations, some regions, particularly the eastern European lowlands (including Estonia, Latvia, Belarus, and western Russia), have remained poorly investigated. In this region, the Golden Eagle is associated with bogs, its primary foraging habitat, and it constructs nests on trees in nearby forests. While regional descriptions of diet composition and reproductive success exist [22,23,24,25,26], no analyses of their variations or the relationships between these life history traits have been published. Similar to the situation in Fennoscandia [13,15,16,17,18], grouse and hares have been the main prey in the lowlands of eastern Europe [22,25,26]. Notably, both prey groups have experienced severe declines in recent decades [27,28], which may have triggered changes in diet composition. Consequently, earlier published data may now be outdated and should be used cautiously in the current conservation management of the Golden Eagle, a strictly protected species in the region. Therefore, a comprehensive contemporary analysis elucidating the trophic relationships and their effects on the reproductive success of peatland-associated Golden Eagle populations is needed.



In the current study, we describe the diet composition of a Golden Eagle population in Estonia, Eastern Europe, over a nine-year period of 2013 to 2021. Simultaneously, we monitored various reproductive parameters during the same period. We hypothesized that: (i) the diet composition of the Golden Eagle in Estonia is similar to that of neighboring peatland-associated populations, with prey proportions intermediate between Finland in the north and Belarus in the south of Estonia; (ii) the diet composition of the Golden Eagle and its reproductive performance fluctuate interannually; and (iii) variations in the proportions of the main prey items of the Golden Eagle are associated with changes in reproductive performance.




2. Materials and Methods


The Golden Eagle is a native species in Estonia (59° N, 25° E) and is distributed across this lowland country (with elevations up to 318 m above sea level), albeit being rarer in its drier southeastern part. Since the 1970s, when a few dozens pairs bred in the country [29], the population has gradually increased, reaching 65 pairs in 2013 [30]. Subsequently, the population has stabilized since then [31] [G. Sein unpubl. data]. Diet estimation was performed for 39 pairs, representing approximately 75% of the population.



The Estonian Golden Eagle population is closely associated with peatlands. The eagles predominantly forage on raised bogs, fens, transitional bogs, and occasionally on remote human-made grasslands or forest clear-cuts [32] [G. Sein, unpubl. data]. They construct their nests in forests near bogs or even on small forest islands within bogs. This monogamous bird of prey breeds solitarily, with an average distance of approximately 10 km between neighboring pairs [33]. Pairs may remain together for several years, possibly for life [10], using the same nests for multiple years, although they may alternate between several nests. Adult birds are sedentary, occupying their home range surrounding their nests year-round. Eggs are typically laid in March, with offspring hatching in May and fledging in July.



Golden Eagles are annually monitored in Estonia. In June, nests are inspected, and nestlings are ringed. In cases where no nestlings are present, the occurrence of freshly brought twigs and molted feathers is checked to determine nest occupancy (the greenery brought in spring remains distinguishable in the Nordic climate even in summer). Additionally, remains of eggshells or nestlings are sought to identify failed breeding. Rarely, entire eggs may have been removed by predators such as pine martens. However, as a consistent methodology has been applied over the years, reliable interannual comparisons could be made.



Similar to many other studies, productivity (number of large nestlings ≥4 weeks old [20] per year of territory occupation) has served as a standard reproductive success metric in Estonian Golden Eagle monitoring. Also, breeding frequency (the number of nests where eggs were laid/the number of occupied nests) and breeding success (the number of successful nests/the number of nests where eggs were laid) were separately calculated to distinguish components forming productivity. During the study period (2013–2021), breeding frequency exhibited no association with breeding success (r = −0.12, p = 0.74) or productivity (r = 0.41, p = 0.28). However, breeding success strongly correlated with productivity (r = 0.83, p = 0.005).



Diet analysis was conducted based on prey remains collected at nest sites, a common method in Golden Eagle diet studies [10]. Remains were first collected during nest monitoring in June. However, as the inspection time in June was limited to reduce disturbance of the birds, another visit to successful nests was made in autumn (September–November). Hence, the collected data reflect the diet composition of successful nests in late spring and summer. Pellets were not analyzed, potentially resulting in the underestimation of small prey items like rodents [17]. However, this limitation minimally impacts between-year comparisons, especially those involving prey weight, as this prey group represents only a small fraction of the total prey biomass.



Prey items were identified using group-specific guides [34,35,36], online resources for feathers and bones [37,38], and our own reference collections. Identification was performed to the lowest taxonomic level, and the minimum number of individual prey items present was estimated. Food niche breadth was computed according to Levins [39] using formula B = 1/Σpi2, where pi is the proportion of prey category i by number in the diet. Larger values of B indicate higher dietary diversity. To maintain comparability with earlier studies [10], taxa were classified by family, discarding unidentified birds and mammals from the calculations.



The weights of birds and mammals were obtained from monographs based on local (Estonian) measurements [40,41]. However, some weights were adjusted because most of the medium-sized mammals (e.g., Red Fox, Raccoon Dog, Roe Deer) and a fraction of the hares were taken as small-sized juveniles (see also [16,17]). Furthermore, we also assumed that only a portion of large mammals, which were probably eaten as carrion (e.g., a cow and a Red Deer, both calves), were taken to the nest; the weight of such prey items was adjusted accordingly. As an estimate of game abundance, we used annual reports on hunting bag statistics supplied by the Estonian Environment Agency [28].



The data analysis was conducted at the population level, allowing direct comparisons with earlier studies in the region [17,18,24,25]. The mean values ± standard deviation described the average reproductive parameters and proportions of prey species or groups. Linear regressions were used to depict trends in prey proportions and the characteristics of reproductive performance over the years. The proportions of prey biomass were used in the analysis of temporal trends; however, the proportions of numbers yielded similar results (not presented). As only a few species dominated each taxonomic group (e.g., Black Grouse among grouse and hares among mammals), analyses of temporal fluctuations in diet composition and reproductive success were conducted at the species level, not at the group level.



Spearman’s rank correlation coefficient was used to describe associations between the relative abundance of prey species and the share of respective species in diet; Pearson’s product–moment correlation described associations between shares of prey items and reproductive parameters. Linear regression models were utilized to evaluate associations between diet composition (dependent variable) and reproductive performance (independent variable). As significant or nearly significant temporal trends in the proportions of several dominant prey species were detected (see results), residuals of linear trends were used in models evaluating interannual fluctuations. However, we also established models using raw annual estimates to study associations in the long-term trends of variables during the study period (2013–2021). In the initial models, we included shares of six species that had been earlier shown to be important prey items for the Golden Eagle or had significant temporal trends in proportions in the current study (Black Grouse, Capercaillie, hares, Common Crane, Roe Deer, White-fronted Goose). This restriction of the species set was used because the number of study years was low. A stepwise elimination procedure based on Akaike information criterion (AIC) values was used for model compression and the development of the best model. The data analysis was conducted in the statistical environment R v.4.3.2 [42].




3. Results


3.1. Diet Composition


In total, 2439 prey specimens from 84 species were identified (Supplementary Table S1). The diet of Estonian Golden Eagles primarily comprised birds, constituting 78.34 ± 4.06% (mean of study years ± SD) of the diet in numbers and 67.23 ± 5.24% of biomass. Mammals made up a lesser portion, accounting for 21.63 ± 3.99% in numbers and 32.76 ± 5.23% in biomass. Exceptionally, a fish was taken, forming 0.03 ± 0.10% in numbers and 0.01 ± 0.03% in biomass. Grouse emerged as the most significant prey group in both numbers and biomass, followed by waterfowl and hares (Figure 1). Corvids and waders were also occasionally preyed upon but constituted a smaller portion of the biomass. Intraguild predation was infrequent, with raptors and owls accounting for only 1.9% in numbers and 0.8% in biomass.However, mammalian mesopredators comprised 5.3% in numbers and 5.7% in biomass.



The most frequently targeted avian species was the Black Grouse, contributing nearly a quarter of the total prey numbers and one sixth of biomass (Table 1). Hares, Common Crane, and Capercaillie were less frequently preyed upon but still constituted over 10% of the biomass each (Table 1). Collectively, these four species (with hares not separated but the majority consisting of Mountain Hares) comprised almost half of the diet, both in terms of numbers and biomass. The twelve most crucial prey species (each forming at least 1% of the biomass) constituted 76.8% of prey numbers and 92.0% of biomass (Table 1). The mean food niche breadth (Levins’ index) was 6.6 ± 1.3.



Regarding prey weight, the share of Black Grouse in the diet decreased over the study period (F1,7 = 15.7, p = 0.005), while that of White-fronted Goose (F1,7 = 24.5, p = 0.002) and Roe Deer (F1,7 = 14.5, p = 0.007) increased. Additionally, the share of hares tended to increase (F1,7 = 4.4, p = 0.073; Figure 2). Similar trends were observed when analyzing prey numbers. These increasing shares tended to be associated with the actual increase in the abundance of the respective species, estimated by the number of hunted specimens (rs = 0.55, p = 0.133 for the White-fronted Goose, rs = 0.60, p = 0.097 for the Mountain Hare, and rs = 0.67, p = 0.059 for the Roe Deer). The food niche also broadened over the years (F1,7 = 8.3, p = 0.024; Table 1).



There were remarkable fluctuations among the shares of the main prey species (Table 1, Figure 2). However, no correlations were found between the interannual fluctuations (residuals) of these four species’ temporal linear trends, suggesting that these species did not compensate each other in interannual variations. Instead, strong correlations between the residuals of temporal trends for other species (Figure 3) indicated that Golden Eagles effectively utilized various alternative prey items over the years. This was further supported by a strong negative correlation between the residuals of the Black Grouse share and food niche breadth (r = −0.94, p < 0.001), while positive correlations between food niche breadth and the share fluctuations of species with growing importance (hares, White-fronted Goose, and Roe Deer) remained just on the threshold of significance (p = 0.02–0.09).




3.2. Reproductive Performance


From 2013 to 2021, an average of 58.3 ± 8.6% of Golden Eagle pairs initiated breeding annually, with 69.1 ± 18.0% successfully completing it. On average, 0.41 ± 0.11 young were produced annually per occupied territory. Breeding frequency showed a tendency to increase (slope = 0.02 ± 0.01; F1,7 = 5.5, p = 0.052), while breeding success declined during the study period (slope = −0.04 ± 0.02, F1,7 = 4.8, p = 0.064; Figure 4). No significant trend was observed in productivity (F1,7 = 0.3, p = 0.61).



The best model explaining interannual variation in productivity included a positive association with the residuals of Capercaillie and Roe Deer’s linear trends (Table 2). In other words, years with higher productivity also featured a higher share of these two species in the diet. Similar variables were included in the best model explaining breeding success, although the model remained below the significance threshold (Table 2). The best model explaining breeding frequency included a positive association with the share of White-fronted Goose and a negative association with the share of hares (Table 2). Comparable models were obtained for the long-term associations between reproductive performance and the raw values of prey species’ shares; however, only the model for breeding frequency was significant (Table 3).





4. Discussion


The peatland-associated Estonian population of Golden Eagles primarily prey upon birds, a characteristic observed in the lowlands of Eastern Europe [10]. This region, where Golden Eagles predominantly breed in pine-dominated forests near extensive, open mires, has been previously studied in Finland [17,18] and Belarus [24,25]. Similar to these regions, the main prey group is grouse, constituting 30.6% in Estonia, 43.3% in Belarus, and 51.2% in central Finland. This is in line with the general observation that medium-sized prey species, ranging between 0.5 and 4 kg, are optimal during the breeding season [10,12]. Due to the lower share of grouse and the absence of other dominant species in the diet, the food niche is considerably broader in Estonia (6.6) compared to Central Finland (2.7) and Belarus (3.4), as well as most previously studied regions [10] (but see [17,24] for values calculated using a different method). Interestingly, the food niche appears to have remained consistently broad over time in Estonia, as a similar value (6.4) was recorded nearly a century ago [10,23].



In Estonia, the primary prey species was the Black Grouse, comprising 23.9% of prey numbers. Notably, this proportion falls between those observed in Central Finland (19.6% [17]) and Belarus (32.5% [25]). In comparison with the two southern regions, Capercaillie holds higher importance in Finland [17], akin to northern Sweden [16]. Intriguingly, Golden Eagles in eastern European peatlands consistently catch large avian prey such as the Common Crane (4.5% in Estonia [this study], 3.5% in Central Finland [17], and 3.5% in Belarus [25], also recorded in Latvia [26]). Among mammals, hares played a significant role in the Golden Eagles’ diet in Estonia, particularly in the later years of the study period (Figure 2). Hares seem to be paramount to grouse in Finland [17], and they also form the most important prey in Belarus [25] and Sweden [16]. In Gotland, a Swedish island just 150 km west of Estonia but with different lowland-type foraging habitats such as pastures and shorelands, rare hares are replaced by rabbits and hedgehogs, and the absence of grouse is compensated by waterfowl [16,43]. Notably, Zastrov [23] previously reported a high proportion (42.5%) of hedgehogs in Estonia. However, our sample did not include any hedgehogs, suggesting that Zastrov’s earlier finding, based on a small sample (133 items from four nests [23]), likely reflected the specific diet of particular pairs.



Over the long term, the abundance of both hare species, particularly the Mountain Hare, has been declining in Estonia since at least the early 1990s [28]. Although the Brown Hare has experienced some recovery, the number of Mountain Hares, prevalent in Estonian wilderness areas and thus more frequently preyed upon by Golden Eagles, has remained extremely low. Similarly, the Black Grouse (as well as the Capercaillie) has been on a declining trend. While the Golden Eagle may replace Black Grouse with hares in the long term (as observed in Finland [17]), this may not be sufficient, given the slow recovery rate of hares in Estonia [28]. Randla and Tammur [29] proposed that in Estonia, both the unstable availability of Mountain Hare and Black Grouse may be compensated by the Common Crane, Raccoon Dog, Mallard, and carrion. This hypothesis is supported by the current study.



The reproductive performance characteristics of Golden Eagles in Estonia, where 58% of pairs initiated breeding and 69% completed it successfully, resulting in an average of 0.4 young per pair, were lower than estimates from other populations across the global range [10,20,34]. This suggests poor breeding conditions, likely associated with food scarcity [4]. This conclusion is supported by the observed broad diet width [10]. Importantly, although breeding frequency tended to increase and breeding success (along with productivity) tended to decline, both characteristics have remained stable over the long term (1995–2023) in Estonia [G. Sein, unpubl. data].



All evaluated characteristics of breeding performance displayed strong interannual variation. Moreover, three-year cycles in breeding frequency suggest an association with certain prey items exhibiting similar abundance cycles. Voles, with their periodic abundance cycles every 3–4 years in Estonia [44], emerge as potential candidates to drive these cycles. While voles themselves may not be significant prey for Golden Eagles [43], their abundance influences the diet composition and reproductive success of mesopredators such as Red Fox, and therewith impacting grouse and hares, which are the primary prey of Golden Eagles. We do not have sufficient data on vole abundance during the study period (the countrywide monitoring of small mammals only started in 2016 in Estonia), and we did not detect any periodicity nor any significant associations between fluctuations in the proportion of grouse or hares in the diet and those concerning reproductive performance. However, in northern Sweden, the annual production of the Golden Eagle population correlated with changes in vole abundance, as well as those of hares and grouse [13,20], although clear periodicity was not detected [20]. A similar relationship has been established for North American Golden Eagles, whose reproductive success often follows the cycles of leporid prey [14,45,46]. For instance, the abundance of hares influenced both the number of eagles that laid eggs and the number of eagles that produced fledglings in Alaska [19].



In the current study, interannual variation in reproductive performance (i.e., residuals of the linear trend) showed no association with the proportion of Black Grouse in the diet. The absence of an association with this primary prey species, often observed in earlier studies, is surprising and may indicate the decreasing importance of the Black Grouse for the Golden Eagle, a consequence of the long-term decrease in Black Grouse abundance [31]. The same holds true for hares, especially Mountain Hare, whose numbers have remained stable at a very low level since a severe decline in the early 1990s [28]. Although the share of hares increased during the study period, this might be a poor replacement in Estonia, as the share of hares was negatively associated with breeding frequency. The decline in Black Grouse and the persistent low levels of hares, particularly the Mountain Hare, may be indicative of the importance of compensatory prey items such as the Common Crane, Raccoon Dog, Mallard, and carrion for Golden Eagles in Estonia, as suggested by Randla and Tammur [29]. However, further discussion on the long-term associations extends beyond the current nine-year study.



Conversely, another grouse species, the Capercaillie, along with the White-fronted Goose, hares, and the Roe Deer, appears to drive interannual variation in reproductive success. The share of the Capercaillie has remained stable over the years, while the importance of Roe Deer and the White-fronted Goose is on the rise. This increase is a clear reflection of the continuously growing numbers of staging White-fronted Goose and the recovery of Estonian Roe Deer abundance after the population crash in 2009–2011 [28].



In this study, our focus was on associations at the population level. Although we examined the diet of successful pairs, it cannot be ruled out that our results may not only reflect temporal changes in prey abundance or availability for particular pairs. Instead, it might also indicate spatial variability between individual pairs breeding successfully in different years. However, the outcome at the population level remains consistent: temporal variability in diet composition among successful pairs. A follow-up study at the individual level is imperative, especially if the diet of unsuccessful pairs can be examined.
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Figure 1. Proportions in (a) numbers and (b) biomass of the main prey groups in the diet of the Golden Eagle in Estonia in 2013–2021. 
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Figure 2. Significantly increasing or decreasing trends in the proportions of (a) birds (orange circles indicate Black Grouse and blue circles indicate White-fronted goose) and (b) mammals (green circles indicate hares and yellow circles indicate Roe Deer) in the diet of Estonian Golden Eagles in 2013–2021. Lines indicate linear trends and dashed areas are the 95% confidence intervals of the trends. 
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Figure 3. Correlations between interannual fluctuations (residuals of linear trends) of the main prey species. The color and size of the circles indicate the direction and the strength of the correlations. 
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Figure 4. Dynamics of reproductive success in Estonian Golden Eagles in 2013–2021. Productivity is represented as black circles, breeding frequency is represented as blue triangles, and breeding success is represented as maroon boxes. Lines indicate linear trends and dashed areas are the 95% confidence intervals of the trends. 
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Table 1. Proportions of main Golden Eagle prey items (forming > 1% of the biomass), the annual and mean values of Levins’ index (food niche breath), and the sample sizes in Estonia, 2013–2021.
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Numbers (N)

	
Biomass (B)

	
Mean (N)

	
Mean (B)




	

	

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018

	
2019

	
2020

	
2021

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018

	
2019

	
2020

	
2021






	
Black Grouse

	
Tetrao tetrix

	
24.3

	
33.5

	
32.0

	
31.0

	
22.5

	
19.1

	
20.7

	
13.2

	
18.9

	
18.3

	
24.8

	
21.6

	
22.7

	
16.8

	
13.5

	
13.8

	
8.0

	
11.8

	
23.9

	
16.8




	
Hares

	
Lepus sp.

	
6.5

	
4.3

	
6.7

	
7.5

	
4.8

	
10.7

	
10.1

	
9.7

	
9.8

	
13.0

	
8.5

	
12.1

	
14.7

	
9.6

	
20.2

	
18.0

	
15.7

	
16.3

	
7.8

	
14.2




	
Common Crane

	
Grus grus

	
5.9

	
2.1

	
3.6

	
3.3

	
5.9

	
4.6

	
3.8

	
4.7

	
6.4

	
18.0

	
6.1

	
9.9

	
9.8

	
17.7

	
13.1

	
10.2

	
11.5

	
16.2

	
4.5

	
12.5




	
Capercaillie

	
Tetrao urogallus

	
3.2

	
7.2

	
5.2

	
5.1

	
6.4

	
4.6

	
7.6

	
7.0

	
4.2

	
6.4

	
14.0

	
9.2

	
9.9

	
12.6

	
8.5

	
13.3

	
11.2

	
6.8

	
5.6

	
10.2




	
Mallard

	
Anas platyrchynchos

	
12.4

	
10.5

	
6.2

	
8.7

	
12.8

	
12.2

	
8.9

	
6.2

	
9.5

	
8.7

	
7.2

	
3.9

	
6.0

	
8.9

	
8.1

	
5.5

	
3.5

	
5.5

	
9.8

	
6.4




	
White-fronted goose

	
Anser albifrons

	
0.5

	
3.9

	
2.6

	
3.0

	
3.7

	
4.6

	
5.1

	
7.9

	
6.8

	
0.9

	
6.3

	
3.8

	
4.8

	
6.1

	
7.1

	
7.3

	
10.5

	
9.2

	
4.2

	
6.3




	
Racoon Dog

	
Nyctereutes procyonoides

	
1.1

	
6.2

	
5.2

	
5.7

	
2.1

	
3.1

	
4.6

	
4.4

	
3.0

	
1.8

	
10.1

	
7.7

	
9.3

	
3.5

	
4.8

	
6.9

	
5.9

	
4.2

	
3.9

	
6.0




	
Roe Deer

	
Capreolus capreolus

	
1.1

	
1.2

	
1.5

	
1.2

	
1.1

	
2.3

	
1.7

	
3.8

	
4.2

	
3.6

	
4.1

	
4.6

	
3.9

	
3.5

	
7.2

	
5.0

	
10.3

	
11.5

	
2.0

	
6.0




	
Raven

	
Corvus corax

	
7.0

	
7.4

	
4.1

	
7.8

	
7.5

	
11.5

	
5.9

	
7.0

	
6.4

	
5.5

	
5.7

	
2.9

	
6.0

	
5.8

	
8.5

	
4.1

	
4.5

	
4.2

	
7.2

	
5.2




	
Pine Marten

	
Martes martes

	
5.9

	
3.7

	
6.2

	
3.6

	
7.5

	
2.3

	
4.2

	
8.5

	
6.1

	
4.8

	
2.9

	
4.5

	
2.8

	
6.0

	
1.7

	
3.0

	
5.5

	
4.0

	
5.3

	
3.9




	
Bean Goose

	
Anser fabalis

	
0.5

	
1.0

	
2.6

	
1.5

	
0.0

	
0.0

	
1.7

	
2.6

	
2.3

	
1.2

	
2.3

	
5.3

	
3.3

	
0.0

	
0.0

	
3.4

	
4.8

	
4.3

	
1.4

	
2.8




	
Red Fox

	
Vulpes vulpes

	
3.2

	
0.6

	
1.0

	
0.9

	
0.0

	
0.0

	
1.3

	
1.8

	
1.1

	
5.4

	
1.0

	
1.5

	
1.5

	
0.0

	
0.0

	
1.9

	
2.4

	
1.6

	
1.1

	
1.7




	
Food niche breath (Levins’ index)

	
6.6

	
4.6

	
5.3

	
5.5

	
6.7

	
7.7

	
6.5

	
8.8

	
7.5

	

	

	

	

	

	

	

	

	

	
6.6

	




	
Sample size

	
185

	
486

	
194

	
3

	
187

	
131

	
237

	
341

	
264

	
185

	
486

	
194

	
332

	
187

	
131

	
237

	
341

	
264

	

	




	
Number of nests

	
12

	
27

	
16

	
21

	
12

	
10

	
14

	
20

	
16

	
12

	
27

	
16

	