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Abstract

1. The recolonization of European landscapes by the gray wolf Canis lupus raises questions about the
ecological effects of predators and their impact on human interests such as large-game hunting bags,
leaving room for alarmism among hunters.

2. We investigated the impact of wolf on recreational hunting by using long-term (2006-2023) and high-
resolution (234 hunting districts) hunting bag data on four species of wild ungulates harvested in the
Friuli Venezia Giulia Region (Italy), before and after the wolf recolonization. Species included the roe
deer Capreolus capreolus, red deer Cervus elaphus, wild boar Sus scrofa and Northern chamois
(Rupicapra rupicapra). We used Bayesian Generalized Linear Models to control for spatiotemporal
correlation, landscape composition and yearly climate.

3. For all the game species we did not detect any meaningful difference in the temporal evolution of
hunting bags, with respect to the history of wolf recolonization. This may reflect several - and not
mutually exclusive - mechanisms: the relatively small size of wolf population compared to the overall
abundance of wild prey, predation impacts concentrated on juveniles, prey switching by wolves, or
management decision to maintain hunting bags more or less consistent through time, irrespective of wolf
presence.

4. Hunting bags for the roe deer suggested a decline in areas of the Po Plain with more than 7 years of
wolf presence, possibly due to synergistic effects of predatory impacts and environmental quality.

5. Our findings do not rule out the possibility of long-term reductions in the hunting bags of wild
ungulates, in response to the progressive increase in wolf numbers and thus the impact of predation.
However, they do not support the idea that hunting bags decline rapidly following wolf recolonization of
an area.

5. Policy implications: In the absence of detectable effects of wolf recolonization on ungulate hunting

bags, accurate and transparent information becomes particularly important for effective wildlife
management. Clear communication helps avoid alarmism and misleading management practices, while
sustained dialogue among stakeholders - including hunters, scientists, and communication managers - is

essential for understanding and anticipating the long-term consequences of predator recolonization.
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Introduction
Following severe reductions across much of their historical range in the Northern Hemisphere
during the 19th and 20th centuries, gray wolf Canis lupus populations have been steadily
recolonizing an increasing portion of that range in recent decades (Chapron et al., 2014; Mech,
1995). This recolonization has important consequences for mammal communities and ecosystem
processes, which have been extensively investigated in North America (Wilmers et al., 2025).
Much more uncertain are the potential ecological and social implications of wolf expansion
in Europe (Kuijper et al., 2024), largely because European landscapes differ fundamentally from
those in North America in terms of ecosystem spatial scales, human influence and wolf behavior.
Europe is not only more anthropized overall, but human activities are also far more pervasive
and tightly interwoven with natural ecosystems, reflecting a long history of land use within
comparatively small and fragmented landscapes. As a result, wildlife is exposed to a dense
mosaic of human pressures - including lethal activities such as hunting and culling, as well as
non-lethal disturbances associated with tourism, infrastructure, and recreation - that may exert
stronger and more spatially diffuse effects on populations and ecological processes than wolf
recolonization itself (Bassi et al., 2020; Sand et al., 2025). In parallel, the widespread presence of
animal husbandry across much of Europe (Malek et al., 2024) creates additional, human-

mediated trophic pathways that can sustain wolf populations through access to livestock, carrion,
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or animal by-products (Cirovi¢ and Penezi¢, 2019; Ciucci et al., 2020; Singer et al., 2023),
potentially reducing their reliance on wild ungulates and further entangling wolf ecology with
human land-use systems. The size of wolf packs is also significantly smaller in Europe than in
North America, with consequences over the choice of prey species and hunting efficiency
(Ciucci et al.,, 2026). Finally, hybridization rates between wolves and domestic dogs are
extremely high in some areas of Europe (Lorenzini et al., 2026), with potentially important
consequences on wolf behavior (Amici et al., 2024).

Recently several studies have investigated the potential consequences of the return of the
wolf in Europe, for example by comparing ungulate densities between areas with and without
wolves (Melis et al., 2009; Van Beeck Calkoen et al., 2023), assessing changes in ungulate
populations before and after wolf recolonization (Kojola et al., 2009; Lazzeri et al., 2024a,b;
Orazi et al., 2025; Randon et al., 2020; Wikenros et al., 2015, 2025), or quantifying behavioral
changes in prey species (Gerber et al., 2024) and assessing indirect impacts on vegetation
(Bubnicki et al., 2019; Kuijper et al., 2013, 2015). However, significant uncertainty still remains
regarding the consequences of wolf recolonization in Europe for human activities. In particular,
the extent to which wolf predation on wild ungulates may indirectly affect hunting bags, also due
to its interplay with different wildlife management practices remains poorly understood (Corlatti
and Ciuti, 2026).

Hunting is crucial for the management of European wild ungulates (Carpio et al., 2021),
with millions of animals being culled every year (Cerri et al., 2025) and hunters are key
stakeholders for wildlife and environmental policies. However, in many European countries

hunters are also involved in social conflicts about wolves and their management (Kuijper et al.,
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2019; Mech, 2017), as well as in wolf persecution (Liberg, 2012; Musto et al., 2021; Nowak et
al., 2021; Sunde, 2021; Suutarinen and Kojola, 2017), often due to hunters’ concerns about
competition with wolves over game species (Bisi et al., 2010; Gangaas et al., 2013; Hgjberg et
al., 2017). Understanding the impact of predation by wolves on the hunting bags of wild
ungulates is therefore crucial to create an informed debate and avoid misinformation (e.g., on
social media, Nanni et al., 2020). Furthermore, understanding impacts of wolves on the hunting
bags of wild ungulates is important because some hunters believe it to be a valuable justification
for wolf culling (e.g. in Sweden, Sjolander-Lindqvist, 2015), a practice whose implementation is
non-trivial (Treves et al., 2016), and whose impacts on wolf mortality can add up to those of
poaching (Oliynyk, 2023; Santiago-Avila and Treves, 2022) and jeopardize conservation efforts.
Despite European countries not currently authorizing wolf culling for safeguarding hunting bags,
as the management of wolves is becoming increasingly politicized (Kutal et al., 2025), the
absence of any scientific evidence might make this argument more and more influential in the
near future.

In this study we aimed to address this gap by quantifying the impact of recolonizing
wolves on the hunting bags of four species of wild ungulates (roe deer, red deer, wild boar and
northern chamois) in the Friuli Venezia Giulia Region (Italy), an area of North-Eastern Alps

which have been recolonized by wolves around 2013.

Methods

Study area and populations
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The study was conducted in Friuli Venezia Giulia (Italy, Fig. 1), a Region that lies at the
intersection between Italy, Austria and Slovenia, extending over an area of 7,924 km?. The study
area hosts a variety of different ecosystems within the four ecoregions of the Alpine and pre-
Alpine area, the Po Plain and the Karst. Lowlands are characterized by the presence of intensive
croplands and human settlements, while the remaining three ecoregions have lower levels of
anthropization, a higher degree of terrain roughness and greater forest cover (Poldini et al., 2006)

The study area hosts most of the main species of ungulates found in Italy, the red deer
Cervus elaphus, roe deer Capreolus capreolus, wild boar Sus scrofa, Alpine chamois Rupicapra
rupicapra (herein, chamois) , Alpine ibex Capra ibex, fallow deer Dama dama and mouflon
Ovis aries. Except for the Alpine ibex, all these species are subject to recreational hunting, with
major differences in their overall hunting bags (Fig. S1, Appendix 1). In this study we focused
only on harvest data of the roe deer, red deer, wild boar and chamois. We did not consider the
mouflon and the fallow deer as the two species have a relatively limited distribution in the
region, being limited to a very low number of hunting reserves.

The wildlife management system is based on 243 hunting reserves (Fig. 1), with a size of
32.7 + 34.7 km* (mean = s.d.). Each year, typically in spring/summer, ungulate populations are
monitored in hunting reserves through a combination of point counts, drive counts and spotlight
counts (Regione Friuli Venezia Giulia, 2015). Based on such counts, the maximum number of
individuals which can be hunted in the following season (hunting quota) is defined (Fig. S2,
Appendix 1), following recommendations from the Institute for Environmental Protection and
Research (ISPRA, Raganella Pelliccioni et al.,, 2013). Only part of the hunting quotas is

effectively realized (Fig. S3, Appendix 1). Hunting typically occurs from September to January.
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Four species of carnivores are also present: the brown bear Ursus arctos, all males
attempting to disperse between the Dinaric and Alpine populations; the Eurasian lynx Lynx lynx,
mostly individuals dispersing from the Dinaric population (Serva et al., 2025); the golden jackal
Canis aureus (Frangini et al., 2025), which have increased in number and distribution in the last
two decades; and the gray wolf. As for the gray wollf, the first records of the species date back to
2013 (Marucco et al., 2018), and the first confirmed reproduction was in 2018 (Franchini et al.,
2019). Population surveys, conducted within the WolfAlps and WolfAlpsEU LIFE projects
(Avanzinelli et al., 2024), indicate a rapid increase in the distribution and size of wolf
populations (Fig. S4, Appendix 1), which by 2023/2024 included five packs and four

reproductive pairs (Boiani et al., 2025).

Data collection and environmental covariates

To quantify changes in the hunting bags of the four wild ungulates, after the recolonization of
wolves, we used the total number of individuals that were harvested each year in the 234 hunting
reserves.

Hunting quotas (Fig. S2, Appendix 1) and their realization rate (Fig. S3, Appendix 1), they
had remained stable between 2006 and 2023. In other words, the percentage of spring/summer
counts of roe deer, red deer, wild boar and chamois which in the subsequent year was hunted was
constant: any change in harvests would have therefore arisen mostly from changes in their
number in the environment, also because the number of hunters has declined through time (Fig.
S5, Appendix 1). Moreover, harvests showed a strong correlation with the number of individuals

observed during spring/summer counts in the previous year (Fig. S6, Appendix 1): although it
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was not formally possible to estimate ungulate density, this point suggests that the number of
harvested ungulates reflected well their abundance in the environment.

With regards to environmental covariates, we included both landscape attributes and
climatic indexes, reflecting seasonal conditions, which could potentially confound the
relationship between wolves and wild ungulates. Landscape attributes included, for each hunting
reserve: i) the proportion of urbanized areas, ii) the proportion of coniferous and iii) broad-
leaved forests, iv) the proportion of grasslands, v) the proportion of agricultural areas, as well as
the proportion of vi) lowlands (0 -300 m), vii) hills (300 — 600 m) or viii) mountains (areas with
an elevation of 600 m or more).

Urbanized areas and forest cover were included because urbanization can decrease the
potential suitability of landscape for ungulates and wolves by increasing human disturbance and
mortality from collisions and persecution. Conversely, forest cover provides ungulates and
wolves with food resources and shelter from human disturbance, promoting their presence at the
landscape scale (ungulates: Carpio et al., 2020, Cerri et al., 2025; wolves: Cimatti et al., 2021;
Louvrier et al., 2017; Planillo et al., 2024). Finally, croplands can benefit some ungulates and
wolves by providing additional plant biomass to ungulates (Brunot et al., 2025; Calosi et al.,
2025; Vannini et al., 2021) or alternative prey to wolves (e.g. the coypu, Myocastor coypus,
Canova and Meriggi, 2025; Cerri et al., 2024). Grasslands can also benefit some ungulates by
providing nutritious herbaceous species, particularly when actively managed (Mysterud et al.,
2023). The proportion of urbanized areas was estimates identifying them from the 2015 built-up
surface map with a 10 m resolution of the Global Human Settlement Layer (https://human-

settlement.emergency.copernicus.eu/download.php?ds=bu). Forests and grasslands were
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identified from the Copernicus Forest Type map (https://land.copernicus.eu/en/products/high-
resolution-layer-forests-and-tree-cover/forest-type-2018-raster-10-m-100-m-europe-3-yearly)
and the Copernicus Grassland layer (https://land.copernicus.eu/en/products/high-resolution-
layer-grasslands/grassland-2018-raster-10-m-100-m-europe-yearly) at a resolution of 100 m.
Agricultural areas were identified by differencing, by subtracting to the area of each hunting
reserve that was not covered by forests, urbanized areas and grasslands, and by subsequently
discarding also areas covered by ice or water bodies according to the 2018 Corine Land Cover
(https://land.copernicus.eu/en/products/corine-land-cover/clc2018).  Lowlands, Hills and
Mountains were identified by using a 250 m Digital Elevation Model provided by Amazon Web
Service, through the “elevatr” package in R.

To simplify the interpretation of different landscape attributes, linking them to broadly
different environmental conditions, we carried out Partitioning Around Medoids (PAM) cluster
analysis (Kassambara et al., 2017). Cluster analysis aimed to identify groups of hunting reserves
characterized by homogeneous environmental conditions. Landscape attributes were
standardized and centered, before being used for clustering, and we selected the optimal number
of clusters based on the Silhouette width, the elbow method and the gap statistics method
(Kassambara et al., 2017; Fig. S7, Appendix 2). PAM cluster analysis, based on Euclidean
distances, identified two groups of hunting districts (Fig. S8, Appendix 2), with environmental
conditions corresponding to those of the Po Plain and the mountains (Prealps, Alps, Karst, Fig.
S9, Appendix 2). Lowlands were characterized by higher landscape anthropization, a higher

amount of croplands and a lower amount of forests than mountains (Fig. S10, Appendix 2).
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These two groups of hunting districts were converted into a dichotomous variable for the
Generalized Linear Model (GLM).

As for climatic conditions, for each district and every year we considered the temperatures
and rainfall in winter, spring and summer. By acting on vegetation phenology and quality, food
acquisition and thermoregulation, these variables affect the life history of wild ungulates, and
therefore their population dynamics (e.g. chamois: Corlatti et al., 2022a,b; e.g. deer: De Marinis
et al., 2022; Felton et al., 2024; Lorenzini et al., 2022; Mattioli et al., 2022; e.g. wild boar:
Scandura et al., 2022). Daily mean temperatures and total rainfall, at a 30 km resolution, were
downloaded from the ERA5S post-processed daily statistics dataset
(https://cds.climate.copernicus.eu/datasets/derived-era5-single-levels-daily-statistics), then
associated to each reserve and finally aggregated on a seasonal basis. Due to the correlation
between these measures, we graphically explored their relationships with the harvests of the four
species of ungulates and then we included the mean daily temperature in summer as a predictor
in the GLMs.

Finally surveys allowed us to classify hunting reserves in terms of their history of wolf
recolonization. For each district we calculated a time-invariant gradient of prolonged wolf
presence, ranging from 0 to 10 years and reflecting the number of years elapsed since the first
detection of wolves and 2023 (e.g. if a district was colonized in 2013, in 2023 would have
experienced 10 years of wolf recolonization). We did not quantify the years since wolf
recolonization as a time-varying covariate because surveys were not carried out on each year
(Fig. S4, Appendix 1), and they did not account for imperfect detectability (Gervasi et al., 2024).

Moreover, it is also possible that wolves settled down in the study area slightly before 2013. Due

10
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to the fact that ungulate harvests in a certain year are based on hunting quotas derived from
population monitoring in the previous year, it would have been impossible to detect any
ecological effect of wolves in districts where the species was recorded only in 2023 (1 year of

presence). We therefore treated these districts (n = 11) as areas from where wolves were absent.

Statistical analyses

To quantify changes in harvests we fit Bayesian Generalized Linear Mixed Models, modeling the
total number of harvested individuals in each hunting reserve according to a set of covariates and
accounting for spatio-temporal correlations between neighbouring reserves through random
effects.

For the roe deer, the wild boar and the chamois we used data collected between 2006 and 2023,
while for the red deer between 2009 and 2023. For the chamois we only considered data from 80
hunting reserves in the Alps, as the species is absent from lowlands. Due to these differences, we
fit separate models for harvests of roe deer, red deer, wild boar and chamois. For all the four
models we used a negative binomial distribution. Considering that 16.0% of roe deer, 63.8% of
red deer, 33.9% of wild boar and 55.2% of chamois harvests were zeroes we used a hierarchical
formulation accounting for zero inflation (Zuur et al., 2017).

Covariates included: i) a temporal label indicating the year of each harvest, ii) a
dichotomous variable, obtaining from PAM cluster analysis, indicating whether harvests in a
certain year belonged to a district in lowlands or mountains, iii) the mean daily summer
temperature, iv) a variable indicating the years elapsed since wolf recolonization. We assessed

the impact of the time elapsed since wolf recolonization over harvests, by means of a three-way-

11
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interaction term between his variable, the environment of each district and the year of each
observation.

Moreover, as the red deer outcompetes the roe deer (Franchini et al., 2023; Richard et al.,
2010) and the chamois (Corlatti et al., 2019), while at the same time being one of the main prey
of gray wolves (Newsome et al., 2016), for red deer and chamois we also controlled for the
number of red deer that were harvested in the same year. Finally, as the number of harvested
individuals could simply depend upon the spatial extent of a certain hunting reserve, we also
controlled for this offset variable through a second-order random walk term (Smith, 2024).

We controlled for spatial, temporal and spatio-temporal correlations by using the approach
suggested by Zuur et al. (2017). First, we fit a full model with all potential covariates, choosing a
basic spatial structure for neighboring hunting districts, by comparing between the iCAR the
Besag-York and Mollié and the BYM2 structure (see Zuur et al., 2017 for an overview). Then
we compared different forms of spatio-temporal interactions (Knorr-Held, 2000), as suggested
by Blangiardo and Cameletti (2015) and Zuur et al. (2017). Once we identified the best full
model, in terms of its spatio-temporal structure, we removed redundant covariates through
backward model selection. Model selection was based by comparing the Widely Applicable
Information Criterion (WAIC), the Deviance Information Criterion (DIC) and the sum of the log-
converted Conditional Predictive Ordinates (CPO), while also checking the scale of model
predictions against observed harvests and assessing real effect size through marginal effects
(Kruschke and Liddell, 2018). During model selection we inspected model residuals to detect

potential non-linear effects and overdispersion.

12
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For all the four species of wild ungulates, model selection highlighted that complex spatio-
temporal correlation structures did not improve model fitness over easier model structures. For
all the four species, we used an iCAR correlation structure to account for spatial correlation
between neighboring hunting reserves. For the roe deer, the red deer and the wild boar, we
accounted for the temporal trends in hunting bags by simply considering the year of each harvest
through a linear term. For the northern chamois we controlled for the effect of time by means of
a second-order random walk term, and allowed this term to vary in each district (see Appendix
3).

Models were implemented in INLA (Lindgren and Rue, 2015), through R (R Core Team,

2025). A complete overview of model selection is provided in Appendix 3.

Results
For all the four species of wild ungulates, model selection highlighted that complex spatio-
temporal correlation structures did not improve model fitness over easier model structures. For
all the four species, we used an iCAR correlation structure to account for spatial correlation
between neighboring hunting reserves. For the roe deer, the red deer and the wild boar, we
accounted for the temporal trends in hunting bags by simply considering the year of each harvest
through a linear term. For the northern chamois we controlled for the effect of time by means of
a second-order random walk term, and allowed this term to vary in each district (see Appendix
3).

Model selection highlighted differences in harvests, between mountains and lowlands. Roe

deer harvests increased in lowlands and decreased in the Alps (Fig. 2), while harvests of the red

13
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deer and the wild boar increased in both the two environments, although with a different
magnitude (Fig. 3, Fig. 4).

As for the gradient of wolf recolonization, this variable was not retained by model
selection for the red deer and the chamois (Fig. 5), while it seemed to somehow improve model
predictions for the roe deer and the wild boar (Appendix 3). However, when inspecting marginal
effects, we did not detect any clear difference in the temporal evolution of wild boar harvests,
between areas with a different gradient of wolf recolonization (Fig. 4).

The only species for which temporal dynamics in harvests were slightly different between
hunting reserves with a different gradient of wolf recolonization was the roe deer. Namely, in
lowland hunting reserves, where wolves have been present for at least six years, roe deer
harvests progressively decreased, although with a considerable degree of uncertainty (Fig. 2;
Appendix 4). However, no effect of wolf recolonization on roe deer harvests was observed in the

Alps, where it showed a constant decline through time.

Discussion
The rapid recolonization of Europe by wolves has progressively raised questions about their
ecological role as apex predators (Kuijper et al., 2024) and therefore on their potential capacity
to impact human activities, including the reduction of the hunting bags of game species,
especially wild ungulates, thereby resulting in a competition with recreational hunters.

Our findings indicate that in areas where wolf recolonization is recent and wolf populations
are still relatively small compared to the abundance of prey species, their predatory impact on the

hunting bags of wild ungulates appear to be negligible. In the Friuli Venezia Giulia Region, a
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decade after the wolf recolonization - which so far resulted in the establishment of five packs and
four reproductive pairs over almost 7,924 km? (Avanzinelli et al., 2024; Boiani et al., 2025) - we
did not detect any change in the temporal trend of wild ungulate harvests. This could have
multiple, non-exclusive explanations.

First, although less likely under a strict predation-risk framework (Gaynor et al., 2019),
demographic compensation through spatial redistribution cannot be entirely excluded. Given the
fragmented distribution of wolves, localized increases in predation pressure may create
population sinks that are partially offset by immigration from adjacent areas, driven by density-
dependent processes or dispersal rather than by active selection of high-risk habitats. If present,
such compensation could dampen detectable effects on harvest trends.

Another explanation could be that a significant share of wolf predations in the Alps
involves juveniles (Gazzola et al.,, 2005; Palmegiani et al., 2013). Juveniles play a minor
contribution to short-term population dynamics, because high survival in adults can maintain
recruitment high and because mortality from predation can be compensatory to mortality from
starvation (Sand, 2012) or collisions with vehicles (Kautz et al., 2022). This would mitigate the
effect of predation on total harvests, at least across 10 years. Nevertheless, sustained predation
on juveniles could reduce ungulate populations and hunting bags, over longer time-scales
(Gaillard, 1998). In this study we did not analyze temporal trends in harvests between different
age classes, because of the lack of age-specific data until 2021. However, future studies should
collect and analyze age-specific harvests through time, as this might reveal age-specific

reductions in hunting bags and species-specific differences (Gervasi et al., 2012).
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Impacts on ungulate harvests could have also been offset by the rapid development of anti-
predatory behavior in ungulates (Lazzeri et al., 2024b; Orazi et al., 2025) and prey shifting.
When multiple prey species are available and predators adaptively shift between them, in
response to their behavior, predation impacts on single prey might be buffered. While in the
long-term wolves could change their hunting behavior and focus on specific prey (Gable et al.,
2018), the effect of this process might not be observable in a decade.

Finally, ongoing impacts on wild ungulate populations could have simply gone undetected,
due to the nature of our data and their spatial resolution. Despite hunting quotas (Fig. S2,
Appendix 1) and realizations (Fig. S3, Appendix 1) had remained stable in time, the lack of
measures of hunting effort certainly introduced noise in the data (Imperio et al., 2010). Further
noise was also introduced by the relatively low resolution of wolf monitoring (100 km?), which
also did not provide a comprehensive gradient of wolf abundance (Wikenros et al., 2025).
Therefore, in core areas of wolf packs the number of wild ungulates could have already been
lowered, but this process went undetected.

An additional, non-mutually exclusive, explanation concerns the role of hunters in shaping
harvest dynamics. Harvest levels may - at least partially - be driven by management decisions
towards conservatism, whereby hunting quotas are maintained relatively constant within given
management periods, despite short-term decreases in wildlife densities. For example, after wolf
recolonization, increased predation on ungulates should decrease their spring/summer counts and
therefore harvest levels. Yet hunters might fail to identify predation as a driver of ungulate
decrease, attributing it to a random short-term decrease, and therefore decide to maintain

consistent hunting quotas. While in the long term these two additive sources of mortality reduce
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the number of individuals and therefore harvests, it is plausible that, in the short-term, sustained
harvesting by hunters could mask the effect of predator return on harvest levels. Under this
interpretation, any trophic cascade effect - if present - may be largely socially filtered in human-
dominated systems, rather than directly driven by wolf predation (Corlatti and Ciuti, 2026).

All in all, our results suggest that wolves either act as weak numerical regulators in this
multi-prey system, or their effects fail to propagate through the ecosystem because humans
function as dominant co-regulators of ungulate populations - with intermediate scenarios also
possible.

Our findings have several important consequences from a conservation standpoint. Wolves
are currently persecuted throughout Europe by hunters, due to their concerns about competition
over wild ungulates. Similar concerns are probably mounting also in areas that have been
recently colonized by wolves, such as the Central and Eastern Alps. While our study does not
exclude the possibility that wolves could somehow reduce the hunting bags of wild ungulates in
the long term, it certainly rules out the occurrence of fast and wide-spread reductions in hunting
bags in areas that have been recently colonized by wolves. There is therefore enough time for
wildlife agencies to: i) develop communication campaigns tailored to hunters, ii) adapt the
monitoring of wild ungulate populations to detect emerging predatory impact of wolves in
specific environments, iii) conceive adaptive management policies for wild ungulates, which
could safeguard their harvesting by hunters without jeopardizing wolf conservation.

Developing communication campaigns should provide hunters with accurate and impartial
information about the lack of any immediate decrease in hunting bags of wild ungulates , while

at the same time disclosing our uncertainty about long-term changes (Blastland et al., 2020).
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While communication campaigns will not entirely solve the issue of wolf persecution by hunters,
which can have deeper roots (Skogen and Krange, 2020), they would be a useful starting point to
avoiding alarmism and preventing the circulation of misinformation (Nanni et al., 2020). This
would be particularly valuable considering that wolf population in the study area will most likely
increase, as happened in other sectors of the Alps (Marucco et al., 2023a,b), resulting in a much
higher exposure of local communities (Brogi et al., 2025).

Adapting the monitoring of wild ungulate populations to detect the emerging predatory
impact of wolves, also with respect to environmental quality (Lennox et al., 2025), is another
priority. Namely, it would be particularly valuable to assess long-term trends in ungulate
populations and their harvests in lowlands, as our data suggest the emergence of predatory
impacts by wolves in the roe deer. Although ungulates can thrive in agricultural landscapes
(Brunot et al., 2025; Calosi et al., 2025; Mysterud et al., 2022; Vannini et al., 2021), the Po Plain
is generally characterized by intensive croplands with few patches of small woodlands and
hedgerows. These small patches of permanent cover are highly used by both the roe deer
(Morellet et al.,, 2011) and wolves (Torretta et al.,, 2022). It is therefore plausible that in
lowlands, the limited availability of permanent cover could paradoxically facilitate predation,
making these environments the first to potentially experience reductions in wild ungulates.

Finally, the last point is to conceive adaptive management policies for wild ungulates that
also account for predation by wolves. The interplay between wolf predation and hunting might
not necessarily be compensatory but additive (Gehr et al., 2017), with potentially important
consequences over the long-term population dynamics of ungulates. Population models

accounting for an increase in wolf populations, changes in predation rates and other sources of

18
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