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In a changing world, large carnivores are making a significant comeback in Europe. Despite this success for conservation and ecosystem functioning, the coexistence of humans with such species is a challenge for societies worldwide. One of the main conflicts is attacks on livestock by wolves and brown bears. To protect livestock, practices are recommended that have been used successfully in countries where large carnivores have never become extinct. Sheep and goats are the most vulnerable livestock species to large carnivore attacks. In Austria, they are particularly at risk on alpine pastures, where they tend to graze unattended and unprotected. In this study, we developed an algorithm that can predict suitable prevention measures against large carnivore attacks on sheep and goats for each individual alpine pasture in the Austrian Alps. The prevention measures considered are electric fencing and shepherding with herding dogs, livestock guard dogs and night pens. We show that all sheep and goats on the Austrian alpine pastures can be protected by these measures, but this includes moving some of the animals to other pastures. This algorithm was validated by field visits to 22 alpine pastures. These results show firstly that damage prevention is possible in Austria, even on alpine pastures. However, these results are based solely on technical feasibility, such as terrain, land cover and capacity, rather than operational and institutional feasibility, such as labour, agreements, acceptance and costs. These results also show that it will require major changes, because these measures are costly and, perhaps more importantly, will break with some local traditions, because some of the sheep and goats will have to be moved to other alpine pastures. Public support must therefore include not only subsidies for the prevention measures themselves, but also technical and logistical support to make this change feasible.

Keywords: algorithm, Austria, wolf, brown bear, damage prevention, alpine pastures
INTRODUCTION
Coexistence with wildlife is a challenge for societies around the world (Meyer, 2024; Priston and McLennan, 2013; Linnell and Odden, 2015; Gaillard and Gaëlle, 2019; Saif et al., 2020). In particular, the process of the return of large carnivores into human-dominated landscapes in Central Europe causes impacts on the way humans use the landscape. Recolonised countries are no longer adapted to living with bears, wolves and lynx (Mertens and Promberger, 2001; Chapron et al., 2014). One of the main impacts on the way humans use the landscape is attacks on livestock. To protect livestock, practices are therefore recommended that have been successfully applied in countries where large carnivores have never become extinct. Sheep and goats are the most vulnerable livestock species when it comes to attacks by large carnivores. They are particularly at risk on Alpine pastures, as they graze there unattended and unprotected (Kaczensky, 1998; Reinhardt et al., 2012; Menzano et al., 2023; Voigt, 2023).
Various algorithms for the protectability of Alpine pastures already exist in the German speaking part of the Alps. These are all very similar (LARK, 2021; LFU, 2021; Klinke et al., 2024). Due to criteria such as the currently low availability of shepherds and high initial costs they do not consider shepherding further. Only the methods of fencing and the use of livestock guard dogs are examined. In the case of fencing, it is assumed that entire Alpine pastures are fenced along their boundaries. Applying such criteria (LARK, 2021) for all Austrian pastures, four pastures with sheep and goats would be fenceable and five could be shepherded (Theresa Walter, unpublished).
For larger herds, shepherding of sheep and goats is recommended on Alpine pastures, because it is seen as a prerequisite for further livestock protection measures such as night pens and livestock guard dogs (Reinhardt et al., 2012; Mettler et al., 2021). However, paying a shepherd is expensive and his salary an additional cost for Alpine pasturing. Therefore, the applicability of employing a shepherd depends on public subsidies and the number of sheep and goats herded (Moser et al., 2019; Werder and Moser, 2021; Werder and Werder, 2022).
An alternative to shepherding is electric fencing. Electric fences have been proven to be very effective, but their application needs a smooth terrain (Reinhardt et al., 2012). The current public discussion in Austria seems to underestimate the potential. As we can show in this study, there is a large potential for electric fencing, especially in small-scaled agricultural systems as in Austria. This especially is true, if not the whole Alpine pastures are fenced, but the fencing is limited to the sheep and goats, which often make a small proportion of all livestock on the Alpine pastures.
The aim of this study is to develop an algorithm that can predict suitable livestock protection measures for a specific Alpine pasture in order to ensure adequate protection of flocks from wolf attacks. In order to predict the protectability of these pastures, two possible measures for the protection of sheep and goats were assumed: 1) herding with shepherds, herding dogs and livestock guard dogs, and 2) electric fencing with daily checks. The forecasts are tested on 22 alpine pastures in Austria. The result will be a large-scale map that will facilitate further planning of the implementation of livestock protection measures and rationalise the public discussion on the feasibility of livestock protection.
Study area
The study area consisted of the alpine pastures in the Austrian Alps, as shown in Figure 1. The Alps themselves influence the weather due to their altitude, vegetation and snow cover. There is an east-west gradient: There is less precipitation to the east of the Alps than to the west, which can be explained by the proximity of the west to the Atlantic Ocean. On the northern and southern sides of the Alps, 2000–2,800 mm of precipitation falls annually at an altitude of about 2000 m above sea level, whereas in the central Alps it is only 800–1800 mm. In winter, almost all precipitation falls as snow above 1,500 m, and the snow remains at 2000 m from mid-November to the end of May (Agrawala, 2007). The average summer temperature at 2000 m above sea level is between 7.0 °C and 8.5 °C in the northern Alps, 9.0 °C–10.0 °C in the central Alps and 8.0 °C–9.5 °C in the southern Alps (Escher-Vetter and Lozán, 2015).
[image: Map of Austria showing locations of Alpine pastures: blue for the Northern Alps, orange for the Central Alps, and green for the Southern Alps, overlaid on state boundaries. Inset map highlights Austria’s location in central Europe. Scale bar and legend present.]FIGURE 1 | Alpine pastures in Austria. The study area is divided in three regions: Northern Alps, Central Alps and Southern Alps. V = Vienna, LA = Lower Austria, UA = Upper Austria, ST = Styria, C = Carinthia, Sbg = Salzburg, ET = Eastern Tyrol, NT = Northern Tyrol, Vbg = Vorarlberg.Alpine pasturing in the Austrian Alps
In 2022 small ruminants (sheep and goats, SmRu) were present on 1,325 out of 8,072 alpine pastures (16%) (Austrian Federal Ministry of Agriculture, BML, 2024). Most of the SmRu herds (60%) number between 1 and 50 animals and are found on alpine pastures in the Central Alps, especially in Tyrol (Figure 2). They are often located in in remote, steep pastures with low productivity, as these areas are not suitable for cattle.
[image: Map of Austria showing the distribution of small ruminants on alpine pastures using varying shades of green and gray, with higher numbers concentrated in the western and southern regions and fewer in the north and east.]FIGURE 2 | Number of SmRu on alpine pastures.Cattle are the most common livestock on alpine pastures in Austria (Austrian Federal Ministry of Agriculture, BML, 2024). However, the number of cattle has slightly decreased in the last 20 years. While in 2000 there were about 320,000 cattle on alpine pastures, in 2020 there were only 302,000. The number of sheep shows a different pattern over the last 20 years. In 2000 there were about 96,000 sheep on alpine pastures, in 2007 the number rose to about 114,000 and has remained about the same since then. In 2020 there were around 110,000 sheep on alpine pastures. The number of goats on alpine pastures has increased continuously over the last 20 years. In 2000, there were around 6,000 goats, but now there are twice as many.
Farmers have to transport their animals to the alpine pastures, mostly over short distances (Figure 3). On alpine pastures with up to 500 head of livestock, around 80%–90% of farms are located within 20 km. On alpine pastures with more than 500 SmRu, about 85% of the holdings are located within 40 km.
[image: Four-panel graphic map of Austria showing movement routes of small ruminants from farm municipalities to alpine pastures. Each panel visualizes different movement scenarios by color-coded linear distances: zero to twenty kilometers in light brown, twenty to forty kilometers in green, forty to one hundred kilometers in blue, and one hundred to four hundred seven kilometers in cyan. Federal state boundaries, pasture locations, and farm origins are marked. Scale bars indicate one hundred kilometers for spatial reference. Map highlights regional variation and long-distance translocations relevant to animal migration or agricultural logistics.]FIGURE 3 | Distances between farm and Alpine pasture for different categories of SmRu numbers on the pastures (top left: 1–50 SmRu/pasture, top right: 51–100, left below: 101–500, right below: 501–2000).Calculating these figures the other way round, alpine pastures are usually no more than 20 km away from the municipality of the home holding and therefore no long distances are travelled (Figure 4). For holdings with between 1 and 50 SmRu, 20%–25% travel more than 20 km. From more than 50 LSU, the frequency of holdings travelling more than 20 km increases to 30%. The increase in the percentage of holdings travelling long distances may be due to the fact that overall there are few holdings that move a lot of SmRu. However, 1%–2% of the holdings in each category travel more than 100 km to bring their SmRu to the alpine pasture. The longest distance is 407 km.
[image: Four maps of Austria showing farm municipality connections to alpine pastures with small ruminants. Each map uses colored lines to show linear distances in kilometers from farms to pastures, grouped as zero to twenty, twenty to forty, forty to one hundred, and one hundred to four hundred seven kilometers. Different regions display varying connection densities and distances, with the legend and scale bar consistently depicted on each map.]FIGURE 4 | Distances between farm and Alpine pasture for different categories of SmRu numbers per farm (top left: 1–10 SmRu/farm, top right: 11–50, left below: 51–100, right below: 101–552).The Alpine wolf population has almost completely colonised the western part of the Alps with wolf packs (Marucco et al., 2023). The eastern and central parts of the Alpine range are most recolonised by new occurrences. The Dinaric wolf population has also expanded northwards. It is therefore expected that the distribution of wolves in the Austrian Alpine region will continue to increase.
MATERIALS AND METHODS
Data base
The following datasets were used: (1) GIS shapefile of Austrian alpine pastures, (2) a list of livestock species, age class and number of animals kept by each farmer on each alpine pasture, (3) a list of certain characteristics of each alpine pasture such as accessibility by vehicle, availability of a watchman and legal status and traditional use of each alpine pasture. These data were provided by the Austrian Federal Ministry of Agriculture (BML). For the data analysis we used the livestock dataset from 2020 and for the algorithm development we used the latest available livestock data from 2022, which was collected later.
We used the following publicly available datasets and information: (4) a Digital Elevation Model (DEM) with a resolution of 10 × 10 m (Geoland.at, 2018) for altitude and slope. (5) the CORINE land cover dataset (Umweltbundesamt GmbH / Biologische, 2018) with a resolution of 25 ha, (6) the direct payment ordinance from Switzerland (BLW, 2022; Werder and Werder, 2022) as a basis for estimating the maximum stocking rate of pastures, and (7) a map from the Austrian Alpine Club (Grassler, 1984) for delineating natural alpine areas (northern, central and southern Alps). All GIS work was done in QGIS (version 3.22 Balowieza).
Potential damage prevention measures
In order to predict the feasibility of prevention measures (Figure 5), we considered two potential preventive measures against wolf and bear damage to SmRu: (1) Shepherds with shepherd dogs and livestock guard dogs and night pens with electric fences. This is only based on the flock size (economic reasoning) and does not include labour availability, access constraints, or local husbandry practices. (2) Electric fences with daily checks.
[image: Flowchart illustrating decision steps for the protectability of alpine pasture, starting from “Alpine pasture,” checking if a shepherding threshold is met, and branching through data sources like SDV, DEM, CORINE Landcover, and livestock data toward outcomes of shepherding, not protectable, or fenceable with specification.]FIGURE 5 | Flowchart of the algorithm to predict the feasibility of prevention measures on alpine pastures.Shepherds
Guarding the SmRu flocks with shepherds and their dogs is an old and traditional method. It probably dates back to the beginning of pastoralism thousands of years ago. Shepherds have always used at least two types of dog: fast and agile breeds such as Border Collies or old German shepherd dogs to keep the flock together, and livestock guard dogs such as Abruzzese Maremmano or Kangal to defend the flock against large predators, in this case wolves and brown bears. In modern times, night pens with electric fences are used to effectively protect livestock from large predators during the night and to avoid stressful working hours at night for shepherds.
The shepherding potential in this study is based solely on a minimum number of SmRu on an alpine pasture. The lower limit for herding is largely independent of the terrain and is based purely on economic considerations. However, we refer to Werder and Werder (2022) and calculate with 3 different thresholds for the number of SmRu: 200, 350 and 500 in order to provide a wide range. We have carried out these calculations for all 8,072 alpine pastures, including pastures with no SmRu at present, which could potentially be a place for animals from otherwise unprotected pastures.
Electric fences
All alpine pastures below the threshold for shepherding were checked for the potential to protect them with electric fences, hereafter called fenceability. The most important criterion for fenceability is the number of SmRu that could be fenced in on suitable areas on Alpine pastures without cattle having to compete with them for forage areas. The fencing of an area is made considerably easier by a gentle slope gradient. Therefore, only areas with a slope <30° were considered for fencing, which corresponds to the slope that is suitable for cattle (Steinwidder, 2024). Additionally, it should be grassland without major parts of woods or rocks. Otherwise, the areas to be fenced become too large and the fence too long in relation to the suitable area.
To calculate the maximum stocking rate for suitable areas in each pasture we used the maximum stocking rate and the suitability of the area. Based on the direct payment ordinance from Switzerland (Bundesamt für Landwirtschaft, 2022) the maximum stocking rate depended on Alpine regions (northern, central and southern Alps), forage quality (–more or less productive) and altitude. Austrians also use some calculations similar to the Swiss direct payment ordinance, but these calculations are not publicly available. Switzerland is adjacent to Austria and we assume that these values also will hold for Austria. We have used the livestock units (hereinafter LU) values that apply from 2024 on in the direct payment ordinance. Only the values for less productive pastures were used in the further calculations since no data on the productivity of the pastures are available. The capacity for less productive pastures is not much more than 50% of more productive pastues, making it very conservative.
First, the shapefile of the Alpine pastures was split into the northern, central and southern Alps according to (Grassler (1984), Table 1). Then the DEM grid was reclassified according to the elevation levels in the direct payment ordinance. The reclassified DEM grid was converted to a shapefile and intersected with the shapefile of the Alpine pastures. The values for the maximum stocking rate per ha were added to each elevation level and summarised for the whole pasture.
TABLE 1 | Maximum LU per ha Alpine pastures depending on region and elevation (Grassler, 1984).	Northern alps	Central alps	Southern alps
	Elevation	Maximum LU per ha	Elevation	MaximumLU per ha	Elevation	MaximumLU per ha
	0	900	1,32	0	900	1,32	0	900	1,32
	900	1,100	1,22	900	1,100	1,22	900	1,100	1,22
	1,100	1,300	1,04	1,100	1,300	1,04	1,100	1,300	1,04
	1,300	1,500	0,85	1,300	1,500	0,85	1,300	1,500	0,85
	1,500	1700	0,66	1,500	1700	0,66	1,500	1700	0,66
	1700	1800	0,56	1700	2000	0,56	1700	2,100	0,56
	1800	2000	0,47	2000	2,400	0,28	2,100	2,300	0,28
	2000	2,200	0,28	>2,400	​	0,19	>2,300	​	0,19
	>2,200	​	0,19	​	​	​	​	​	​


Secondly, the area of grassland up to 30° slope on each pasture was calculated. This was determined using the CORINE land use dataset (CLC2018). This was intersected with the alpine pasture shapefile and divided into two classes: Grassland and no grassland. Only pastures (CLC code 231) or natural grassland (CLC code 321) were classified as grassland. Slope was calculated from the DEM grid using the QGIS slope function. The area of grassland up to 30° slope was calculated using the QGIS function zone histogram in all areas on alpine pastures defined as grassland.
Finally, to calculate the possible maximum stocking rate for suitable areas in each alpine pasture, the maximum stocking rate for the whole pasture was adjusted by the area of grassland up to 30° slope.
This LU value was compared with the actual number of LUs for other livestock (e.g., cattle) to determine how much space would be left for the SmRu on the suitable area. A negative result meant that fencing off a green area with a slope of up to 30° would deprive cattle of forage. Such alpine pastures were not considered suitable for protection of SmRu.
LU SmRu fenceable=max⁡LU for grassland<30°−actual LU other lifestock
If the result was positive, the Alpine pasture can be described by one of the following categories (Table 2). If the result is zero or negative, there is no space for SmRu.
TABLE 2 | Definition of different output categories after applying the algorithm.	Category	Description
	SmRu fenceable	All SmRu can be fenced in suitable areas without having to compete with the large livestock for forage area
	SmRu partly fenceable	At least 25% of the SmRu can be fenced in suitable areas. The pasture must have at least 10 SmRu
	Fenceable and shepherding	Like the category “SmRu fenceable” with the difference that there is enough space for additional LU that shepherding could be considered. In this category, alpine pastures with and without SmRu were grouped together
	Cattle pasture but space left to fence SmRu	On this pastures there are only large livestock as cattle or horse, yet. However, there is space for additional LU. SmRu could be moved there additionally and fenced in suitable areas without having to compete with the large livestock


RESULTS
Validation of the algorithm
To validate the algorithm, a total of 22 alpine pastures in all three alpine regions were visited between June and September 2022 and 2024 (Table 3). The pastures were selected based on the frequencies of the categories in Table 2, with only slight deviations. Most of the pastures were visited in 2024. 10 out of 22 alpine pastures could be visited in the company of the pasture manager, owner or shepherd. We visited two pastures where shepherding was predicted as a suitable livestock protection measure. In the category “SmRu fenceable” 6, in the category “SmRu partly fenceable” 2, in the category “fenceable and shepherding” 2, in the category “cattle pasture but space left to fence in SmRu” 3 and in the category “not protectable” 7 alpine pastures were visited. Figure 6 gives an impression of the alpine pastures of the category “SmRu fenceable.” On most of the pastures the predicted measure could be proven, on 2 of the 22 visited pastures it was wrong. In one case this was due to the resolution of the CORINE Landcover and in the other case to the calculations with the values for less productive pastures.
TABLE 3 | Data of the pastures used for validation.	Pasture	Category	Main livestock	Possible LU SmRu	LU SmRu	LU cattle
	1	Shepherding	Sheep	12.448	86.87	0
	2	Shepherding	Sheep	26.978	84.72	0
	3	Cattle pasture, space left for SmRu	Cattle	22.782	0	69.4
	4	Cattle pasture, space left for SmRu	Cattle	5.768	0	22.4
	5	Cattle pasture, space left for SmRu	Cattle	1.646	0	42
	6	Partly fenceable	Cattle	−8.36	9.28	21.8
	7	Partly fenceable	Sheep	−53.903	57.94	0
	8	Fenceable	Sheep	20.426	6.52	8
	9	Fenceable	Horse	8.259	10.1	24.8
	10	Fenceable	Sheep	17.494	21.31	0
	11	Fenceable	Mixed	3.261	5.22	6.4
	12	Fenceable	Cattle	17.243	1.7	25.5
	13	Fenceable	Goats	10.551	29.18	62.2
	14	Fenceable and shepherding	Goats	77.121	2.04	1
	15	Fenceable and shepherding	Sheep	64.593	41.91	263.7
	16	Not protectable	Cattle	−37.555	2.87	51.8
	17	Not protectable	Sheep	−64.475	5.17	89
	18	Not protectable	Mixed	−87.89	17.49	156.2
	19	Not protectable	Cattle	−14.456	0	19.2
	20	Not protectable	Sheep	−4.63	4.63	0
	21	Not protectable	Sheep	−3.83	3.83	0
	22	Not protectable	Horse	−229.716	27.38	384


[image: Collage of six mountain landscape photographs featuring grassy meadows, rolling hills, scattered trees, distant forests, and blue skies. Some areas show fences or livestock, and a single black animal is visible in one image.]FIGURE 6 | Impression of pastures of the category “SmRu fenceable”.In the category “SmRu partly fenced” two alpine pastures were visited. The algorithm predicted space for 0.92 LU out of 9.28 and 4.03 LU out of 57.94. As it did not make sense to fence such a small number of SmRu, the algorithm was modified so that at least ¼ of the SmRu on the pasture had to be fenceable and the alpine pasture had to have at least 10 SmRu. As a result, the initial 185 pastures in this category were reduced to 20. The two pastures visited in this category were classified as “unfenceable” after validation.
Predicted suitable livestock protection measures
A threshold for cost-effective shepherding of at least 500 SmRu results in 49 SmRu pastures that could already be protected by shepherding in Austria. The number of SmRu on these pastures in 2022 amounts to 39,461 animals, which corresponds to about 1/3 of the SmRu on alpine pastures.
Of the remaining 1,276 alpine pastures with SmRu, 195 pastures were in the category “SmRu fenced”, corresponding to about 11,938 SmRu in 2022. In addition, 22,225 SmRu could be protected on these alpine pastures. This means that it would be possible to move SmRu from unfenceable pastures to fenceable pastures. On 21 of the fenceable alpine pastures, there is enough grassland below 30° slope to meet the shepherding threshold and to allow shepherding and/or fencing.
There are 20 alpine pastures in the category “SmRu partly fenced”. 1938 SmRu could be protected on these pastures. However, there is not enough space for 280 animals. This means that they would have to be moved to a fenceable pasture.
This leaves 1,061 alpine pastures with SmRu and about 70,700 ruminants that can't be protected on these pastures. Subtracting the 22,225 SmRu that could be additionally protected on “SmRu fenced” alpine pastures, 48,804 SmRu remain unprotected. However, there are 867 alpine pastures where there is a suitable area for fencing SmRu. 71,003 SmRu could be protected in these areas. As an alternative to fencing, there are 21 pastures with enough space to shepherd a total of 15,560 SmRu.
If the threshold for cost-effective grazing is set at 350 or 200 SmRu, the figures change accordingly. In all scenarios there is space for 71,003 SmRu on protectable pastures that are now without SmRu. As an alternative to fencing, 57 and 130 pastures offer enough space for 27,841 and 45,129 SmRu respectively. Details are given in Table 4.
TABLE 4 | Calculation of suitable protection measures for 500, 350 and 200 SmRu, respectively. There are 8,072 pastures in total, 1,325 of the pastures are with SmRu (124,085 SmRu).	Category	Number of pastures	Number of SmRu on pasture	Number of pastures	Number of SmRu on pasture	Number of pastures	Number of SmRu on pasture
	Threshold for shepherding	500 SmRu	350 SmRu	200 SmRu
	Pastures >= threshold	49	39,461	88	55,710	160	74,585
	Pastures < threshold	1,276	84,624	1,237	68,376	1,165	49,500
	Fenceable	195	11,938	192	10,836	185	8,887
	- Additionally possible	​	22,225	​	21,198	​	20,407
	Partly fenceable	20	1938	19	1,511	18	1,269
	- Overstaffed	​	280	​	251	​	198
	Not fenceable	1,061	48,804	1,026	35,081	962	19,136
	Cattle pastures with space left to fence SmRu	867	71,003	867	71,003	867	71,003
	Space for SmRu > threshold	21	15,560	57	27,841	130	45,129


DISCUSSION
In this study, we show for the first time that all sheep and goats currently grazing in the Austrian Alps can be protected against depredation by large carnivores using standard preventive measures such as electric fencing and shepherding with herding dogs, livestock guard dogs and night pens. This also includes the relocation of sheep and goats from pastures where they cannot be protected to pastures where protection is possible and there is enough space. This will present major institutional and social challenges relating to contracts, rights, willingness, transport logistics and biosecurity, which are outside the scope of this study. To achieve this, an algorithm was developed to predict suitable herd protection measures for each individual alpine pasture.
A conservative approach has been taken in developing the scoring scheme. On the one hand, this means that the number of predicted LUs is a minimum. Significantly more animals can be moved to more productive pastures than to less productive pastures. As there are no data on this in Austria, we had to assume that all alpine pastures are less productive pastures in order not to overestimate the possible number of livestock units. It is recommended to clarify the type of meadow in advance when planning specific measures to protect the herd.
On the other hand, some green areas are not recognised as such by CORINE Landcover because they are too small. CORINE Landcover recognises a minimum area of 25 ha, and green areas smaller than this are therefore not recognised. This is the reason why some alpine pastures were classified as “unprotectable”, although their grassland would be suitable for fencing.
Austria has its own dataset for classifying land use. This dataset is called Land Information System Austria (hereafter LISA). It has a resolution of 25 m2, sometimes 5 m2. For an implementation of the algorithm in the planning process in Austria, the use of this dataset should be considered. However, the LISA dataset exists only for Austria and is not available for public use. Since the CORINE land cover data are well applicable in EU countries, the CORINE land cover data set is used here.
Recommended livestock protection measures
The most effective flock protection measures are: electric fences (e-fences), livestock guard dogs, herding and a combination of these methods (Reinhardt et al., 2012). Although these measures are recommended in all European countries, their application and promotion vary widely. This may be due to the different requirements of regional agriculture or their economic importance (Salvatori, 2014; Marsden and Hovardas, 2020).
The recommended animal welfare measures are currently subsidised in most countries, but the funding varies from country to country. For example, as Switzerland is not a member of the EU, subsidies for animal welfare come exclusively from the federal government. However, the responsibility lies with the cantons. All animal welfare measures are already applied and subsidised. They appear to be well established, including a national breeding programme for livestock guard dogs. The aim of this programme is to ensure that livestock guard dogs meet the requirements of an alpine landscape used by a wide range of stakeholders (Hahn et al., 2019; BAFU, 2019).
Bite incidents can occur between livestock guard dogs and tourists or companion dogs. In Switzerland, for example, between 15 and 19 bite incidents were reported each year from 2017 to 2022. Both the training of livestock dogs and visitor guidance play a key role. The more people know how to behave towards LGDs and where they can be encountered, the lower the potential for conflict (Mettler and Hahn, 2020; AGRIDEA, 2023). Shepherds may also have the option of leading the herd away from hiking trails to prevent conflicts.
Use of EU funding to implement protection measures
The EU’s Common Agricultural Policy (CAP) has evolved from a production-oriented policy to a system that promotes both private (farmers’ livelihoods and profits) and public goods (landscape, biodiversity). In particular, agri-environmental schemes (AES), which are part of rural development programmes (RDPs), encourage farmers to voluntarily improve biodiversity, water, soil and climate protection (Lefebvre et al., 2015). AES follow the concept of “land sharing” rather than “land sparing,” where agricultural land provides multiple ecosystem services and habitats for species. Farmers are compensated for income losses and additional costs incurred by reducing production intensity and maintaining habitats (Phalan et al., 2011; Batáry et al., 2015).
The RDP can be used to finance a wide range of activities. For example, France used the measure “Investments and studies related to cultural and natural heritage” for the period 2014–2020 for the purchase and maintenance of electric fences and livestock guard dogs, shepherds’ salaries and accommodation, vulnerability analysis and advice in eight different regions. Bulgaria, Croatia, Finland, Germany, Greece, Italy, Latvia, Lithuania, Portugal, Slovenia, Spain and Sweden used the RDP in at least one of the last two completed CAP periods. Mainly through the measures “Support for investments in agricultural holdings” and “Support for non-productive investments linked to the achievement of agri-environmental (-climate) objectives”. The measures are mainly used for the purchase and maintenance of electric fences and livestock guard dogs. Slovenia is an exception, as it is the only one of the countries mentioned above to have used the RDP for the maintenance of electric fences, herding dogs and shepherds’ salaries, and it has been using these subsidies since its accession to the EU (Marsden and Hovardas, 2020).
In Austria, damage prevention management is the responsibility of the federal states. As there are seven states with Alpine pastures, many different solutions are in place. So far, animal welfare measures have only been funded by provincial funds, as no EU funds have been allocated to this purpose in the last two funding periods.Herd protection measures are subsidised in four of the nine federal provinces. In each of these, the purchase of electric fences is subsidised, in two provinces the purchase of livestock guard dogs is also subsidised, and in Vorarlberg additional support is provided for a maximum of 5 days in case of well-founded suspicion of wolves (ÖZ Österreichzentrum Bär Wolf Luchs, 2025). EU Member States have the possibility to use RDP measures for a wide range of activities in support of livestock protection measures. However, they are far from being used to the extent they could be. One reason could be that Member States do not want to take on the bureaucratic burden.
Alpine fencing
On most of the Alpine pastures with SmRu (60%) in Austria the number of SmRu is too small for them to be able to maintain the areas in a free grazing system. In contrast, spatial restriction of pastures limits SmRu from grazing predominantly in the highest areas, promoting better utilization of available forage resources and reducing erosion (Moser et al., 2017). The Alpine fencing model region in Salzburg, a pilot project of the former National Advisory Centre for Livestock Protection, which was carried out from 2012 to 2017, showed what a suitable area for fencing of SmRu on Alpine pastures could look like and how fencing could be implemented. Around 200 sheep were fenced in a suitable area of the alpine pasture, the fenced area was 65 ha. Two different types of e-fences were used, and lessons about fence guidance were learned (Nationale Beratungsstelle Herdenschutz, 2017).
In the future, new technical devices may be developed to make shepherds’ work easier. Orlando et al. (2025) developed a wolf-deterrent collar for goats that emits a high-frequency sound that wolves can hear, but which is inaudible to dogs, goats and humans. The first trial was very successful as an additional tool for shepherds with guard dogs. Jacobsen et al. (2026) invented an AI-based bioacoustic instrument that can automatically detect wolf howls. This could make wolf monitoring easier and, subsequently, allow more specific damage prevention methods to be used depending on the presence of wolves.
Conclusion
In this study, an algorithm was developed to predict suitable herd protection measures for a given alpine pasture. It was shown that for every sheep or goat in the Austrian Alps there exists a protectable place. This algorithm provides a large-scale overview of the implementation of possible livestock protection measures in Austria. However, GIS-based algorithms are not sufficient as the sole basis for planning. Each alpine pasture has to be visited individually for the concrete planning of livestock protection measures.
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