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Figure 1: Concept and graphical representation of the models used and produced. The icons represent the variables included for the depredation susceptibility and habitat potential. COPO is calculated by integrating variables for each given stakeholder group. The depredation risk map was also used as a variable in the COPO model. The combined habitat and conflict model is a bivariate representation of its input models. 


Supplementary material S2
The supplementary includes a list and short categorization of the institutions which were represented by the delegates (n = 15) which were consulted in the variable weighting process. 

	Name of institution
	National / Federal
	Number of people

	Bundesministeriums für Land- und Forstwirtschaft, Klima und Umweltschutz, Regionen und Wasserwirtschaft: BMLUK: Abteilung Agrarumwelt (ÖPUL)
	National
	1

	BMLUK: Bergbauern und Benachteiligte Gebiete, Biologische Landwirtschaft (Abteilung II/3)
	National
	1

	BMLUK: Abteilung Tierische Produkte (Abteilung II/6)
	National
	1

	BMLUK: Abteilung Recht 4
	National
	1

	Kärnten (Abteilung 10 - Land- und Forstwirtschaft, Ländlicher Raum, Abteilung 1 – Landesamtsdirektion)
	Federal
	2

	Niederösterreich (NÖ Landesforstdirektion (LF4))
	Federal
	1

	Oberösterreich (Direktion für Landesplanung, wirtschaftliche und ländliche Entwicklung - Abteilung Land- und Forstwirtschaft)
	Federal
	2

	Salzburg (Abt. 4, Lebensgrundlagen und Energie)
	Federal
	2

	Steiermark (Landesforstdirektion, Agrarrecht)
	Federal
	1

	Tirol (Gruppe Agrar)
	Federal
	2

	Vorarlberg (Abteilung Landwirtschaft und ländlicher Raum (Va)
	Federal
	1





Supplementary material S3
This supplementary includes the template of the questionnaire used for the variable assessment. 
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Supplementary material S4

This supplementary includes a detailed description of the reasoning behind the inclusion and the processing of the variables included in the conflict potential model. 

Human population density
The human population size was extracted from the Austrian municipality database “Gemeindedatenbank (GeDaBa)” (Bundesanstalt für Agrarwirtschaft und Bergbauernfragen, BAB 2024). The census year used was the most recent available, 2023. 

Human demography (age)
Naughton-Treves et al. (2003) describe human demography (sex and age) as relevant for wolf acceptance in the US, Wisconsin. We therefore included the variable “average age” in our set of potential variables. However, during the rating of the relevance for this variable 33% (n=5) of the participants indicated that they consider the variable as non-contributing to the conflict potential with wolves. Therefore, it was excluded from further analyses. 

Dogs
The amount of registered dogs were assessed through the Austrian pet database “Heimtierdatenbank” (Federal Ministry of Health and Social Affairs 2025). The dataset included the number of dogs for each municipality and was transformed to density of dogs per square kilometre. 

Livestock predation compensation payments
Compensation for predation on livestock is a commonly used strategy to improve coexistence between humans and carnivores (Dickman et al. 2011). In Austria the compensation schemes are always effective for whole federal states. The schemes were downloaded from official sources or requested if they were not publicly available. The schemes for the compensations did however change between the years and during the analysis and therefore the different federal states had unmatching periods of the schemes. To reduce inconsistencies, we therefore excluded the compensation payments from the modelling.

Livestock protectability
The variable protectability was planned to be included through a modelling approach of the EU project Livestock protect. However, the project results were not published in time to be included in the model. Following the relevance of this variable was assessed by the stakeholders, but it was not included in the conflict model.

Funding for livestock protection measures
No dataset exists which includes the exact geographical location of implemented livestock protection measures for Austria. We aimed at covering the implementation of livestock protection measures by a proxy, the funding for those measures. The categorization of the funding for different livestock protection measures was based on the published guidelines for the different federal states and extended by personal information from the delegates in the project consortium. As the funding schemes for several federal states changed during the analyses, we did not include this variable in the conflict model.

Depredation susceptibility
The livestock depredation susceptibility model from Kunz et al. (2025) was included as a measure for the vulnerability of livestock on the given spatial pastures. This model predicts exposure and vulnerability of livestock being predated by wolves, independent of wolf abundance, following the risk concepts discussed in (Zingaro and Boitani 2017). 




Livestock presence
The variable livestock presence is only describing the presence of sheep and cattle, because they are occurring in the highest numbers and making up the biggest proportion of livestock being predated on by wolves in Austria (Österreichzentrum Bär, Wolf, Luchs 2025). It was originally planned to use the livestock density rather than the livestock presence as this variable. In the adapted DELPHI process the participants indicated that in their opinion the variable should be adapted to represent presence rather than density of livestock. Following this recommendation, the variable was adapted. The variable was processed as described in Kunz et al. (2025).

Threatened livestock breeds
The presence of threatened livestock breeds was extracted from the GeDaBa by filtering for the aids from the Austrian agricultural environmental program (ÖPUL) for the protection of threatened livestock breeds. The presence of threatened livestock breeds was extrapolated from those aids. However, this dataset did not hold specific spatial information and was not comparable with the other agricultural variables. The variable was only available on a municipality scale and therefore not assignable to specific pastures. Due to insufficient spatial resolution the variable endangered livestock breeds was excluded. 

Farmed game
The data for farmed game species was extracted from AMA for the year 2022. We filtered the Integrated Administration and Control System (IACS) vector data set for pastures and merged those with the animal owner lists. By that we were able to compute a density of farmed game on those pastures. 

Hunting dogs
Attacks on hunting dogs are a major driver of conflicts between hunters and wolves and attacks are often fatal (Tikkunen & Kojola 2019, Bassi et al. 2021). The Austrian federal hunting laws are defining the minimum number of hunting dogs for either the federal state, district or hunting ground. Those numbers vary between federal states and between the specifics of the hunting ground. Since the real number of hunting dogs in use is not known we identified the minimum number that is legally required as the best estimate for each federal state. We did not distinguish between the type and/or breed of hunting dogs which is required, even though it seems to influence the probability of being predated by wolves (Bassi et al. 2021). However, due to the inaccurate spatial resolution and the unclear difference between legal requirements and reality we excluded this variable in the modelling process. 

Ungulate hunting bags
To assess the size of the hunting bags for ungulate species, we all species data from the Austrian statistics information manager “Statistik Austria” (Statistics Austria 2025a), summed up for all species and averaged over the years 2017-2023 for each district. We used data for all occurring ungulate species (Red deer Cervus elaphus, Sika deer Cervus nippon, Fallow deer Dama dama, Roe deer Capreolus capreolus, Chamois Rupicapra rupicapra, Ibex Capra ibex, Mouflon Ovis gmelini and Wild boar Sus scrofa). 

Ungulate number of species
Likewise, to the hunting bag data, the number of ungulate species was extracted from the same dataset. The occurring species were extracted from the species that were shot or found dead. 

Wildlife protection areas
Wildlife protection areas are established to support areas in which wildlife can retract and be undisturbed by human activities. Those areas are either focused on grouse species or on ungulates. The corresponding variable existence of wildlife protection areas is describing if the particular cell is part of a wildlife protection area (yes / no). The spatial extent and coordinates of the protection areas were provided for only three of the nine federal states (Lower Austria, Styria, Tyrol) and extractable for a fourth (Vorarlberg) from the WESP dataset. Due to the bad coverage of the variable, it was excluded from the modelling. 

Red deer feeding sites
Red deer feeding sites are commonly used in Austria, especially in the alpine regions to direct red deer and prevent over-browsing of protective forests (Arnold et al. 2018). The functionality and effectiveness of red deer feeding sites with wolf presence is however still unclear and might vary from case to case. Non-functioning feeding sites can pose a nuisance due to a need for adaptations, the need for deer culls, lower deer population size or alternative overwintering concepts. Additionally, it might increase the conflict between forestry and hunting, if the distraction of deer from vulnerable forest stands and protective forests is not given. The locations of red deer feeding sites were provided from the federal states lower Austria, Carinthia, Salzburg, Styria, Tyrol and Vorarlberg. The variable red deer feeding sites was excluded from the modelling because it was not available for all federal states. 

Wildlife ecological spatial planning (WESP)
Wildlife ecological spatial planning (WESP) is an interdisciplinary spatial concept of wildlife integration into a human-dominated landscape while balancing interests of different stakeholder groups (e.g. forestry, hunting, agriculture, tourism, administrative bodies) (Reimoser et al. 2025). WESP results in spatial maps of areas with different levels of wildlife integration (wildlife core zone, wildlife peripheral zone, wildlife exclusion zone), usually enrolled over a whole federal state, and implemented within the federal state hunting laws. As only three of Austria's nine federal states currently have WESP implemented, we chose the variable to be included in a binary manner for the whole federal state. The single wildlife management areas classifications (core zone, peripheral zone, exclusion zone and corridor) were not included specifically. 


Protective forests
Protective forests are established in Austria to buffer and prevent the impacts of natural hazards such as soil erosion, avalanches, mud slides, rockfall and flooding. 42% of the Austrian forest is designated as having a protective function (Pichler et al. 2024). We extracted all areas with a protective function designated as protecting the site and its soil and/ or human infrastructure from the information map for protective forests (Bundesministerium für Land- und Forstwirtschaft 2023). This binary variable is describing if the raster cell is including a patch of forest with protective function. 

Number of overnight stays (summer & winter)
The number of overnight stays was extracted from “Statistik Austria” (Statistics Austria 2025b). The dataset was divided into stays during summer and during winter period (May to October and November to April respectively). We used the overnight stays from the winter period 2022/2023 and summer period 2023. In order to receive a relative measure for the importance of tourism, we created a density of overnight stays per square kilometer by dividing the number of stays by the size of the municipality. For the municipalities which submitted their number of stays as confidential, we assumed the area corrected mean of the district the municipality is located in. To prevent over-accountancy of the overnight stays in the model, the weighted values of both were divided by two.
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Supplementary material S5
This supplementary includes a detailed discussion of the variables that are not discussed in much detail in the main text. 

The contribution of overnight stays was defined as medium to low. The delegates mentioned possible negative influences based on fear of wolves and avoidance of certain areas. The resulting change in tourism is, however, probably rather low as 89,4% of the hikers and mountain bikers would not change their behaviour except in the case of extreme and media-effective events (Pröbstl-Haider et al. 2019). 

Interactions between wolves and dogs, as well as attacks on dogs, are a common source of conflict between dog owners and wolves. Some factors like the size, age, breed and utilization of the dog (hunting, shepherding, pet), wolf pack size, or the individual wolf behaviour have strong effects on the outcome of a possible interaction with wolves (Kojola et al. 2004, Mugnari et al. 2025) and cannot be influenced by the dog owners. However simple measures like the timing of the interaction can reduce the number of negative interactions. Some measures to foster cohabitation, such as the confinement of the dogs overnight, keeping dogs in a short distance to the holder, or not walking the dog at night in wolf territory, are more easily implemented than others (Petolta & Heikkilä 2015). For Austria, no spatially explicit measure of the existence and actual usage of hunting dogs exists, and therefore the variable could not be included in the model. Nevertheless, the high potential for interaction with wolves makes (hunting) dog owners a key stakeholder group in wolf management and coexistence.

The influence on space use of game species was also underlined for the variables WESP and wildlife protection areas. If concepts are functioning in the status quo, every external influence is seen as a disruption. The delegates articulated that every change of the status quo is seen as a dispute, which might be explained by the highly conservative ideology – and therefore resistance to change - which prevails in Austria and in particular in rural and natural resource related sectors (forestry, hunting, agriculture) and is driving conflict between those sectors and nature conservation (Geitzenauer et al. 2016).
In contrast to higher conflict values for red deer feeding sites, the ungulate harvest bags were only scored medium and the ungulate species diversity was scored the lowest. Although the occurrence of Mouflon (Ovis gmelini) was communicated by single delegates as an important factor in conflict. Due to a comparably low total amount of regularly occurring Mouflon (between 0.008% and 11% of the of the single species hunting bags for red deer, roe deer, Chamois and wild boar) (Statistics Austria 2025a) and a rather local and patchy distribution, we did not include the occurrence of Mouflon as a standalone variable. Although rarity can induce a higher economic value, leasing hunting grounds can be a very important income stream for many landowners in Austria and forest enterprises (Reimoser 2000).
The even distribution of the weighting of the harvest bag may be reflected in differing assumptions about the effect of wolves on their prey species and in the administration. Hunters tend to have a negative association with large carnivores (Newson et al 2025). Some delegates saw wolves as an impediment to meet hunting quotas, while others saw their potential to reduce the high densities of ungulates and therefore be helping human hunters (Kuijper et al. 2024). 

The importance of the livestock presence was assessed and medium to high, which is also confirmed by studies from other countries, such as Portugal where the density of livestock correlated with an increasing number of livestock depredations (Pimenta et al. 2018). The conflict is probably also highly influenced by the economic value of the different livestock species, races, age, and sex classes, and usages. Similarly, are threatened livestock races of particular value due to their rarity or genetics (Agrarmarkt Austria 2023). Despite the potential high economic and idealistic value, it was assessed as rather unimportant on the scale of the whole of Austria based on a rather local importance. The existence of threatened livestock species was however not available in a high spatial resolution and was excluded. As with fenced livestock, farmed game is kept in enclosures, which prevents flight and might result in surplus killings by wolves, if they can overcome the protective measures which are often not wolf repellent (Bundesamt für Naturschutz 2019). This can result in high economic damages, especially in areas with a higher density of farmed game enclosures, like the eastern alpine foothills. 
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Meeting der projektbegleitenden AG des Forschungsprojektes LeKoWolf:
Lebensraum- und Konfliktpotenzialmodell fiir den Wolf in Osterreich

Hinweis: Die Antworten auf diese Umfrage werden vertraulich behandelt und nicht ohne die
ausdriickliche Zustimmung der befragten Person veréffentlicht oder weitergegeben. Eine
namentliche Nennung ist fiir mégliche Riickfragen und Erkldarungen notwendig.

Ihr Name:

Wiinschen Sie/Wiinscht du dir eine namentliche Erwahnung in spateren
Veréffentlichungen?

Umfrage 1: Der Einfluss von 6kologischen und soziodkonomischen
Variablen auf das Konfliktpotential zwischen Stakeholder*innen liber
den Wolf

Wir méchten verstehen, inwiefern dkologische und soziodkonomische Variablen das Konfliktpotential
zwischen verschiedenen Stakeholder*innen iiber und das Konfliktpotential mit dem Wolf
beeinflussen. Um dies auf der Basis von Expert*innenwissen evaluieren zu kénnen benétigen wir
lhre/deine Einschatzung. Die unten genannten Variablen wurden von uns als mégliche — den Konflikt
beeinflussende — Faktoren identifiziert. Um abschétzen zu kénnen wie relevant es ist diese Variablen
zu inkludieren und wenn diese inkludiert werden, wie wichtig diese sind, wiirden wir Sie/dich bitten
die unten stehende Tabelle auszufiillen.

1) Beurteilen Sie die Relevanz und Wichtigkeit der Variablen fiir die Berlicksichtigung in
einem Konfliktpotentialmodell fiir den Wolf in Osterreich.
Relevanz bedeutet in diesem Fall, dass Sie/du der Meinung sind/bist, dass diese Variable in das
Modell mit einflieBen sollte.
Beispiel: \Wenn Variable ,a"“ nicht mit in das Konfliktmodell mit einflieBen sollte, bitte bei
Relevanz ,nein“ angegeben. Bei einer Angabe von ,ja“ bedeutet dies, dass die Variable in dem
Modell mitberiicksichtigt werden sollte.
Wichtigkeit hingegen beurteilt wie viel Einfluss dieser Variable zugerechnet werden sollte, also
wie stark beeinflusst diese Variable den Konflikt.
Beispiel: Variable ,a“ hat ihrer/deiner Meinung nach einen ,sehr geringen” Einfluss auf das
Konfliktpotential mit Wolfen, Variable ,b“ einen ,sehr hohen* Einfluss. In der Berechnung wird
dann die Variable ,b" 5-fach so stark bewertet, wie Variable ,a".
Eine weitere Erkldrung zu den Variablen finden sie/findest du in der beiliegenden Tabelle.
Bitte lesen Sie sich/lies dir zuerst alle Variablen durch, um einen Uberblick iiber die
aufgelisteten Variablen zu bekommen. Fiir irrelevante Variablen muss natiirlich dann keine

Wichtigkeit angegeben werden.
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Tabelle 1: Abfrage von Expert*innenwissen fiir die Relevanz und Wichtigkeit von Variablen,
welche identifiziert wurden, das Konfliktpotential mit Wolfen in Osterreich moglicherweise zu
beeinflussen

: Relevanz AT T i
Variablenname (jalnein) Wichtigkeit der Variable (wenn Relevanz = ja)
sehr gering gering mittel hoch sehr hoch
Bevélkerungsdichte O O O O O

Altersdurchschnitt

Ausgleichszahlungen
(spezifisch je Bundesland)

Hunde im Allgemeinen

Hunde im Speziellen
(Jagdhunde)

Ubernachtungszahlen

Abschusszahlen Schalenwild

Anzahl verschiedener
Schalenwildarten

Wildruhezonen (auch z.B.
Auerwild und Birkwild)

Rotwildfiitterungen

Wilddkologische
Raumplanung (WORP)

Nutztierrissanfalligkeit
(Modell)

Schiitzbarkeit (Modell)

Anzahl Stiicke Nutztierart
pro Hektar

Gefdhrdete Nutztierrassen

Gatter-/Farm-/Nutzwild
Vorkommen

o|jo|ojo0oj0Oj0O|jO|O|O|O|O|O|O|O|0O|O
o|jo|ojo0oj0Oj0O|jO|O|O|O|O|O|O|O|0O|O
o|jo|0oj0j0OjO|O|O|O|O|O|O|O|O|0O|O
o|jo|0|jO0Oj|OjO|O|O|O|O|O|O|O|O|0O|O
o|0o|0|lO0O|OjO|O|O|O|O|O|O|O|O|0O|O

Schutzwaldflachen
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Tabelle 2: Erléuterung der abgefragten Variablen

Variable

MaReinheit/Auflgsung

Frage

Bevdlkerungsdichte

Anzahl pro Gemeinde

Wie hoch ist die Bevélkerungsdichte?

Altersdurchschnitt

@ der Bevélkerung

Wie ist die Bevélkerung alterstechnisch zusammengesetzt?

Ausgleichszahlungen (spezifisch je Bundesland)

Kostendeckung pro Riss

Wie hoch sind die Ausgleichszahlungen nach einem Wolfsriss?

Hunde | (Jagdhunde)

Anzahl pro Gemeinde

Wie hoch ist die Anzahl an Jagdhunden (aktiv in der Jagd eingesetzt)?

Hunde Il (allgemein, Heimtierdatenbank)

Anzahl pro Gemeinde

Wie hoch ist die Anzahl an Hunden (nicht nur Jagdhunde)?

Ubernachtungszahlen

Anzah! pro Gemeinde

Wie hoch sind die Ubernachtungszahlen?

Abschusszahlen Schalenwild

Anzahl pro Gemeinde

Wie hoch sind die Abschusszahlen von Schalenwild?

Anzahl verschiedener Schalenwildarten

Anzahl pro Gemeinde

Wie viele verschiedenen Schalenwildarten kommen vor?

Wildruhezonen {auch Auerwild und Birkwild)

Vorhandensein: Ja/nein

Sind Wildruhezonen vorhanden?

Rotwildfiitterungen

Vorhandensein: Ja/nein

Sind Rotwildfiitterungen vorhanden?

Wildskologische Raumplanung (WORP)

Vorhandensein: Ja/nein

Ist eine Wildskologische Raumplanung (WORP) vorhanden?

Nutztierrissanfalligkeit (Modell)

Indexwert

Wie hoch ist die Nutztierrissanfilligkeit?

Schiitzbarkeit (Modell)

Schiitzbarkeit: Ja/nein

Ist eine Schiitzbarkeit gegeben?

Anzahl Stiicke Nutztierart pro Hektar

Anzahl GVE pro ha

Wie groR sind die GVE pro Hektar?

Geféhrdete Nutztierrassen

Vorhandensein: Ja/nein

Werden gefihrdete Nutztierrassen geziichtet?

Gatter-/Farm-/Nutzwild Vorkommen

Stiick pro Fliche

Wie hoch ist das Vorkommen von Gatterwild?

Schutzwaldflachen

Vorhandensein: Ja/nein

Sind Schutzwaldflichen vorhanden?





image6.jpeg
Meeting der projektbegleitenden AG des Forschungsprojektes LeKoWolf:
Lebensraum- und Konfliktpotenzialmodell fiir den Wolf in Osterreich

Frage 2: Nominierung fiir weitere Expert*innen

Um ein méglichst umfassendes und korrektes Bild fiir die Gewichtung der Variablen zu bekommen,
méchten wir reprasentative Stakeholder*innen erreichen. Wenn Ihnen/dir noch Personen einfallen,
von denen Sie/du der Meinung sind, dass diese ebenfalls den Fragebogen ausfiillen sollten, geben
Sie/du diese bitte hier inklusiver der zugehérigen Interessengruppe (Bsp. Landwirtschaft, Jagd ...)

an.

Frage 3: Platz fiir weitere Anmerkungen

Falls du/Sie noch weitere Anmerkungen oder Riickmeldungen haben, kannst du/kdnnen Sie diese
hier notieren.
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Frage 4: Bewertung der Kategorien der einzelnen Variablen auf das Konfliktpotential

Im folgenden sind Kategorien der einzelnen Variablen, welche das Konfliktpotential maglicherweise beeinflussen, aufgelistet. Fiir jede der
Variablen sind der Variablenname und in einer Tabelle die einzelnen Kategorien und freie Zellen fiir den Wert des Konfliktpotentials zu finden.
Daneben ist ein leerer Graph zu finden, in dem ebenfalls die Werte des Konfliktpotentials fehlen.

Wir bitten sie entweder und/oder die Konfliktpotentialwerte (von 0 — 100) in der Tabelle oder den Graphen mit Balken oder Kreuzen zu
den jeweiligen Werten auszufiillen. Unten finden sie ein paar Beispiele, wie solche Balken bzw. die dazugehdrigen Werte aussehen kénnen.

Beispiel 1 - linear

Beispiel 1 - linear 100
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mittel 50 50
hoch 75 40
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Beispiel 2 - exponentiell
Konfliktpotential-
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niedrig 0 Beispiel 2 - exponentiell
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Beispiel 3 - Maximalwert
Beispiel 3 - Maximalwert 100
Konfliktpotential- 90
Kategorial Wert 5 80
Sehr niedrig 20 2
niedrig 30 2 60
mittel 40
hoch 45
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Beispiel 4 - Extremwerte

& i Ukpeiemish Beispiel 4 - Extremwerte
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Beispiel 5 - linear sinkend

Beispiel 5 - linear sinkend

Konfliktpotential-
Kategorial Wert
Sehr niedrig 70
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mittel 30 3
hoch 20
Sehr hoch 0 .
0

Sehrniedrig  niedrig mittel hoch Sehr hoch
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Wir bitten sie nun die Konfliktpotentialwerte (von 0 — 100) in der Tabelle oder den Graphen mit Balken oder Kreuzen auszufiillen.
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