European Journal of Wildlife Research (2024) 70:51
https://doi.org/10.1007/510344-024-01801-7

RESEARCH q

Check for
updates

Moving towards an ecological management of overabundant ungulates:
insights from wildlife-vehicle collisions and hunting bag data

Rocio Tarjuelo'® - Juan José Luque-Larena’2® . Francois Mougeot®

Received: 15 November 2023 / Revised: 12 April 2024 / Accepted: 18 April 2024 / Published online: 8 May 2024
© The Author(s) 2024

Abstract

Increasing abundance of large ungulates is raising human-wildlife impacts and the effectiveness of recreational hunting to
reduce their population growth is increasingly questioned. We report on long-term trends (> 15 years) in wildlife-vehicle
collisions (WVC) and hunting bags, and on associations between the annual growth rate of WVC and that of hunting bags
for three ungulates — the wild boar, the red deer, and the roe deer — and the grey wolf in northwest Spain to evaluate the
regulating capacity of recreational hunting at large spatial scale. Wildlife-vehicle collisions increased by 332% in 16 years
and 91% of all traffic accidents were caused by collisions with these three ungulates. All ungulate species showed significant
positive trends in WVC and hunting bags, but we did not observe a negative association between annual growth rate of hunt-
ing bags and that of WVC except for the wild boar. Results suggest that recreational hunting was unable to reduce ungulate
population growth at the regional scale. There was no upward trend of vehicle collisions with wolves over the study period,
possibly reflecting stable wolf populations. Natural mortality due to predation could be promoted through the protection
of apex predators, but the lethal management of apex predators, often based on sociopolitical pressures rather than damage
levels, can conflict with the strategy for mitigating ungulate impacts. Ungulate management needs to be reconsidered from an
ecological perspective that integrates human management measures, including recreational hunting, based on the population
dynamics and the recovery of predator—prey interactions by favoring the expansion of apex predators.
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Introduction

Humans are responsible for the massive loss of Earth’s
biodiversity (Dirzo et al. 2014; Johnson et al. 2017). How-
ever, human actions also underlie the population growth
and geographical expansion of many species, which are
thriving due to multiple factors such as land-use changes,
release from ecological constraints, or legislative changes
on wildlife management (Martin et al. 2020; PySek et al.
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2020). Increasing abundance of these species can result in
conflicts when they cause socio-economic and ecosystem
impacts (i.e., overabundant species sensu Caughley 1981).
Mitigation of damages caused by such overabundant species
involves human interventions to reduce population numbers
or nuisances, including lethal and nonlethal methods such
as fertility control, barriers to movements, habitat manage-
ment or compensatory payments among others (Nyhus 2016;
Pysek et al. 2020).

Populations of large ungulates are considered overabun-
dant in many regions of Europe and North America due to
the rapid growth experienced in recent years (Apollonio et al.
2010; Coté et al. 2004; Valente et al. 2020). Although large
ungulates were driven almost to the brink of extinction in
many regions of Europe and North America by the nineteenth
century, their recovery was favoured since the mid-twentieth
century by a suite of conditions, including large-scale pro-
cesses of rural-urban migration, natural afforestation, mild
winters, lack of natural predators, and legislative changes on
management (Deinet et al. 2013; Martin et al. 2020). Large
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ungulates, when overabundant, provoke important damages
to crop and forestry production, raise the risk of disease trans-
mission to humans and livestock and of traffic accidents, as
well as nuisance to humans when animals wander into urban
areas (Coté et al. 2004; Linnell et al. 2020; Martin et al. 2020;
Valente et al. 2020). Ungulate-induced damages can generate
large economic costs when populations are at high densities:
deer-vehicle collision costs can exceed $1 billion annually
in the U.S.A. (Conover et al. 1995); in Spain, the annual
economic cost of wildlife-vehicle collisions, mostly due to
ungulate game species, is estimated in €105 million (Saenz-
de-Santa-Maria and Telleria, 2015); annual damage to agri-
cultural crops by wild boars (Sus scrofa) costs €80 million in
Europe (Apollonio et al. 2010) and $800 million in the U.S.A.
(Pimentel et al. 2005). Management of overabundant popu-
lations of large ungulates is therefore a major challenge for
national and regional administrations (Apollonio et al. 2017).
In Europe, recreational hunting (i.e., hunting for self-
amusement or trophies) constitutes the main source of
mortality and the principal management tool to control
large ungulate populations (Apollonio et al. 2017; Quirds-
Fernandez et al. 2017). Yet, despite increasing hunting
pressure, populations of large ungulates have steadily grown in
many regions (Milner et al. 2006). Red deer (Cervus elaphus)
harvest increased by 400-700% in several European countries
(Milner et al. 2006) whereas population size estimates
increased from 1.1 million to 1.7 million individuals in Europe
around the last quarter of the twentieth century (Burbaite and
Csanyi 2010). Thus, evidence calls into question the role of
recreational hunting as an effective management tool to halt
the widespread population increments of large ungulates and
to reduce associated damages (Massei et al. 2015; Melis et al.
2009; Simard et al. 2013; but see Hothorn and Miiller 2010).
Recreational hunting of large ungulates acts mostly on adult
male mortality but less often on the reproductive potential
of populations via female or juvenile killing, productivity
being a key demographic parameter to suppress population
growth (Ueno et al. 2010; Eacker et al. 2017). Moreover, the
capacity of recreational hunting to reduce population size of
overabundant ungulates is expected to further decrease when
hunter numbers or the social acceptance of lethal management
are declining (Liordos et al. 2017; Massei et al. 2015).
Restoring predator—prey interactions is another comple-
mentary yet controversial measure to reduce the impacts of
overabundant ungulates (Apollonio et al. 2017; Marrotte
et al. 2022; Nilsen et al. 2007). Large carnivores predate
on large ungulates (Jedrzejewska and Jedrzejewski 1998;
Jedrzejewski et al. 2002; Ripple and Beschta 2012; van
Beeck Calkoen et al. 2023) and modulate prey behaviour
through landscapes of fear (Epperly et al. 2021; Gaynor
et al. 2019). The grey wolf (Canis lupus) — the apex preda-
tor with the largest distribution in Europe (Chapron et al.
2014) — can reduce the risk of disease transmission from

@ Springer

wild boars to livestock by removing diseased individuals
(Tanner et al. 2019) and the incidence of deer-vehicle colli-
sions by keeping ungulates away from roads (Raynor et al.
2021). Recent studies estimate that wolf predation leads to
annual reductions in the cost of ungulate-vehicle collisions
of about $157,000 — $377,000 and €4,500 — €14,700 per
wolf in the U.S.A. and France, respectively (Raynor 2017;
Sebe et al. 2022). The annual compensation cost for wolves
was €7.9 million in Europe (Bautista et al. 2019), far below
the costs of wild boar’s damages to agriculture (€80 mil-
lion; Apollonio et al. 2010). Despite the benefits of large
carnivores to human societies through their complex effects
on biological networks (Gilbert et al. 2017; Kuijper 2011;
Ripple et al. 2014), there is an enormous social pressure
to undertake lethal management (e.g., to prevent livestock
attacks), which has been or is permitted in many regions
(e.g., Sweden, Norway, Finland, Estonia, Romania, Spain,
USA) despite poor knowledge on their population dynamics
or bad conservation status (Creel et al. 2015; Laikre et al.
2022; Quevedo et al. 2019).

We report here on temporal trends in recreational hunt-
ing in northwest Spain, and on the effectiveness of this wild-
life management tool to reduce problems associated with
overabundant ungulates, specifically wildlife-vehicle colli-
sions (WVC). We used traffic accident records and hunting
bags of the three most abundant and widely distributed ungu-
lates across Europe: the wild boar, the roe deer (Capreolus
capreolus), and the red deer (Deinet et al. 2013). Traffic acci-
dents constitute a major impact of overabundant ungulates and
can be also used as a proxy of population abundance in these
species (e.g., Fernandez-Lopez et al. 2022; Neumann et al.
2020; Saint-Andrieux et al. 2020). The study region, Castilla
y Leon, is of particular interest to investigate this issue due to
its socioecological context. Castilla y Le6n presents the high-
est rate of WVC in Spain (Sdenz-de-Santa-Maria and Telleria,
2015) and is one of the largest most unpopulated regions of
Europe (https://ec.europa.eu/eurostat), where the sociological
factors that favour the growth of ungulate populations such
as rural emigration, afforestation, or agricultural intensifica-
tion will likely continue over the next years. In addition, it is
one of the few European regions where wolves have persisted
despite massive persecution in 1850—-1970 and farmers have
maintained traditional measures to prevent livestock attacks
(Deinet et al. 2013). Because the study region is well suited to
consider opportunities for an integrative management rooted
in the functioning of natural systems, which also takes the
role of apex predators into account, we also evaluated the
temporal trends of vehicle collisions and recreational hunting
for the wolf.

To explore the role of recreational hunting as a manage-
ment tool for ungulate and wolf populations, we first evalu-
ated long-term changes (more than 15-year data) by deter-
mining the temporal trend in WVC and in hunting bags for
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each species. We considered that recreational hunting would
be an effective management tool if it caused negative or no
population growth in the long term, which should be observed
through a declining or asymptotic pattern of WVC, respec-
tively. We also explored the potential short-term effects of
recreational hunting by analysing relationships between the
annual growth rate of hunting bags and of WVC of the same
and the following year. We used two time-lags because the
effects of harvesting on the number of traffic accidents could
be immediate due to reduced population size or delayed if
harvest causes lower recruitment rate. If hunting was effec-
tive at limiting population growth, we expected a negative
relationship between the annual growth rate of WVC and
that of hunting bags because an increased harvest rate may
reduce population growth and thereby the number of WVCs.

Methods
Study area

Castilla y Le6n (94,226 km?; Spain, southwestern Europe,
Fig. 1a) is characterized by continental-Mediterranean
climate and presents two major landscapes. The plateau,
with a flat or slightly undulated topography, occupies the
centre of the region and is dominated by agricultural land
(ca. 3.7 million ha). Several mountainous formations sur-
round the plateau where forestry production and bovine

livestock constitute the two main economic activities.
Human population density is low, 25.29 inhabitants/km?
(www.ine.es), less than one third of the Spanish and EU
average (https://ec.europa.eu/eurostat), and depopulation
levels have increased over the last decade (6.8% decline
in 2012-2022; https://estadistica.jcyl.es). The network
of roads is not dense (35.09 km/100 km?; www.ine.es;
Fig. 1b), even if this Spanish region has the greatest
length of road network per inhabitant. The region is occu-
pied by Iberian wolves (C. lupus signatus), a subspecies
of the grey wolf. In this region, wolf hunting was only
permitted in lands at the north side of the Duero River
(which crosses the region east to west; Fig. 1b) after the
implementation of the Habitats Directive (42/2007 law)
in Spain in December 2007, which assigned different pro-
tection regimes at the north and south of the Duero River.
In December 2021, the Spanish Parliament approved the
inclusion of the wolf into the List of Wild Species in Regi-
men of Special Protection (LESRPE), banning wolf killing
for the whole Spanish territory, which immediately raised
great social and political controversy.

Data on wildlife-vehicle collisions and hunting bags

We obtained data on WVC events for the period 2006-2021
from official records of traffic accidents registered by traffic
authorities of Castilla y Ledn. For each accident, the dataset
included information on date, location, type of accident

Fig. 1 Location of the study
region (in grey), Castilla y Ledn
(Spain), in southern Europe (a).
Map showing hotspots of wild-
life-vehicle collisions (b) for the
wild boar, the roe deer, the red
deer, and the wolf during 2006—
2021. Hotspots were drawn
using kernel density estimators
(built with the ‘ks’ package in
R; Duong 2022) where red,
orange, and green areas indicate
the 25%, 50%, and 75% contour
level respectively. Dotted lines
show the road network and solid
lines show the administrative
boundaries for the 9 provinces
of Castilla y Le6n. After the
implementation of the Habitats
Directive in December 2007,
wolf hunting was only allowed
in lands at the north of the
Duero River, represented by the
blue line, until December 2021
when hunting was completely 0
banned in the Spanish territory

(b)
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(whether it caused human victims or not) and animal species
involved. We compiled the available data on hunting bags
for the three ungulates and the wolf from 2004-2005 to
2021-2022 hunting seasons from the annual hunting-season
reports of Junta de Medio Ambiente de Castilla'y Leén (https:/
medioambiente.jcyl.es/). To compare the temporal trends of
WYVC and hunting bags, we aggregated the number of WVC
events per hunting season — which begins in September and
lasts until August of the next year — for each study species.
Because human activity can affect the probability of animal-
vehicle collisions (Fernindez-Lopez et al. 2022), we corrected
absolute numbers of WVC dividing by annual values of
traffic intensity in the region (measured as vehicles/km and
downloaded from https://www.transportes.gob.es/) to control
for yearly differences in human movements (Figure S1 in
supplementary material). We also tried correcting for citizen
population density dividing yearly WVC data by human
population density (https://estadistica.jcyl.es), obtaining
similar results and conclusions.

Statistical analysis

First, we analysed the long-term temporal change of WVC
— as a proxy of population abundance — and hunting bags
to compare trends and evaluate the potential of recreational
hunting to limit population growth of ungulates and wolves
over the years. For each study species, we built two general-
ized linear regression models with Gaussian error distribu-
tion and using hunting season as a continuous explanatory
variable. One model used the number of WVC — corrected
for traffic intensity — as the response variable and data
between the hunting seasons 2006-2007 and 2020-2021
(N=15). The second model used the number of hunted ani-
mals as the response variable with data between the hunting
seasons 2004—2005 and 2021-2022 (N=18).

To evaluate whether recreational hunting affected short-
term population growth, we calculated the annual growth
rate of WVC and hunting bags using the following equations:

Anual growth rate of WVC
= log (number of WVC, /number of WVC,_,) 1)

Annual growth rate of hunting bags
= log (hunted animals,/hunted animals,_, ) 2)
Where ¢ in Egs. 1 and 2 indicates the hunting season. Val-
ues of 0 indicate no population growth, values over 0 indi-
cate population increments, and values below 0 indicate pop-
ulation declines. Because wolf’s recreational hunting was
banned in the hunting seasons 2018-2019 and 2021-2022,
we assigned a value of 1 killed animal to these hunting sea-
sons to obtain finite values of growth rate. For each species,
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we built generalized linear regression models (with Gaussian
error distribution) using the annual growth rate of WVC as
response variable and the annual growth rate of hunting bags
as the explanatory variable. We built two models for each
species: (i) one model regressing the annual growth rate of
hunting bags with that of WVC during the same hunting sea-
son (data between hunting seasons 2007/2008 to 2020/2021;
N=14), (ii) another model regressing the annual growth rate
of hunting bags (hunting seasons 2006/2007 to 2019/2020)
with that of WVC during the subsequent hunting season
(2007/2008 to 2020/2021) (N =14). This would allow us to
detect immediate effects of hunting on population size or
delayed effects when hunting reduces population growth,
respectively. We checked model assumptions by inspection
of model residuals and model performance using adjusted-
R2. All analyses were done with the R software (R Core
Team 2023).

Results

Wildlife-vehicle collisions increased from 2,654 to 11,474
accidents in the period 2006-2021, which represents a 332%
rise in 16 years. From the 100,806 WVC registered in that
period, 91% of accidents were caused by collisions with
the three ungulates: 52.6% with roe deer, 32.8% with wild
boars, and 5.4% with red deer. Wolves were involved in 192
collisions (0.2%). Hotspots of collisions with these species
were concentrated in the east, northeast, and northwest of
Castilla y Leon (Fig. 1b). Of all reported WVC, 1.1% had
injured or deceased victims (N = 1,080; increased by 225%
in 2006-2021, from 28 accidents to 91), among which 47.2%
were caused by collisions with the wild boar, 30.9% with the
roe deer, and 7.2% with the red deer.

The number of WVC increased significantly for the three
ungulate species (supplementary material Table S1, Fig. 2),
with the roe deer showing the steepest increase (426%;
Fig. 2c). Traffic accidents caused by collisions with the
wild boar and the red deer experienced a lower but steady
increase of about 137% and 150%, respectively (Fig. 2a, b).
The number of traffic accidents involving wolves showed
no significant temporal trend (Table S1; Fig. 3a). Regard-
ing hunting bags, all ungulate species showed significant
positive trends (Table S1). The roe deer experienced the
highest rate of increase (507%), followed by the wild boar
(276%) and the red deer (133%; Fig. 2). The temporal pat-
tern of wolf’s hunting showed no consistent change over
time (Table S1). Wolf hunting declined with the implemen-
tation of the Habitats Directive in 2007 that allowed wolf
hunting only at the north of the Duero River (Fig. 3b). After-
wards, hunting steadily increased, reaching similar numbers
to those of the period when the wolf was considered as a
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Fig.2 Temporal trends in the number of animals killed by collisions
with vehicles (WVC) and by recreational hunting for the wild boar
(a, d), the red deer (b, e), and the roe deer (c, f). Numbers are given
in thousands for each hunting season. The red solid line shows the
slope for the regression against hunting season, which was signifi-

game species in the entire region of Castilla y Ledn, until
the regional court declared invalid the wolf’s 2016-2019
hunting plan in 2018 (Fig. 3b). Wolf hunting was banned in
the Spanish territory in December 2021.

For the roe deer, the red deer, and the wolf we found
no effect of the annual growth rate of hunting bags on
that of WVC of the same hunting season (roe deer: esti-
mate + SE=-0.10+0.63, P=0.874, adjusted R*=-0.08;
red deer: estimate + SE=- 0.41+0.35, P=0.274, adjusted
R%2=0.02; wolf: estimate + SE=0.07 +0.10, P =0.478,
adjusted R*=— 0.04) nor of the next hunting season (roe
deer: estimate + SE=0.65+0.72, P=0.385, adjusted
R?=-0.02; red deer: estimate + SE=0.14+0.36, P=0.695,
adjusted R%Z=-0.07; wolf: estimate + SE=— 0.07 +0.10,
P=0.487, adjusted R?=— 0.04) (supplementary mate-
rial Figs. S2-S7). For the wild boar, however, we found a
positive relationship between the annual growth rates of
hunting bags and WVC of the same hunting season (esti-
mate+ SE=1.16+0.34, P=0.006, adjusted R2=0.45;
Fig. S8) and a negative association between the annual
growth rates of hunting bags and WVC of the following
hunting season (estimate + SE=—- 0.90+0.38, P=0.034,
adjusted R?=0.27; Fig. S9).
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——
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cant in all models. For clarity, y-axis of WVC graphs provide abso-
lute numbers instead of values corrected for traffic intensity. Note that
y-axis scales differ between graphs, and therefore, the steepness of
the different slopes are not directly comparable among the figures

Discussion

Recreational hunting is an important socioeconomic activ-
ity and the principal factor of ungulate mortality in Europe
(Apollonio et al. 2017; Middleton 2014), which underlies
the narrative about its crucial role for regulating ungulate
populations and mitigating nuisance. There are studies
showing that recreational hunting can indeed reduce ungu-
late numbers and their impacts (e.g., Hothorn and Miiller
2010; Quirds-Fernandez et al. 2017). However, our long-
and short-term analyses of hunting bags and WVC add to
previous evidence manifesting the inability of current mod-
els of recreational hunting to prevent or significantly reduce
population growth of ungulate species and associated nui-
sance such as traffic accidents at a large spatial scale (Massei
et al. 2015; Melis et al. 2009; Milner et al. 2006).

Despite the increase in hunting bags, the positive temporal
trends of vehicle collisions with the wild boar and both deer
species indicate that their populations have steadily grown
as in many other European regions (Apollonio et al. 2010;
Deinet et al. 2013; Massei et al. 2015). Moreover, there is no
evidence of a recent slowing down in these temporal trends.
Similarly, we did not observe a limiting effect of recreational
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Fig.3 Temporal trends in the number of wolves killed by collisions
with vehicles (WVC, a) and by recreational hunting (b). The red
dashed line shows the non-significant slope for the regression against

hunting on the annual growth rate of vehicle collisions with
the roe deer and the red deer. However, we found a nega-
tive association between the annual growth rate of vehicle
collisions in a given year (t) and that of hunting bags in the
previous hunting season (t-1) for the wild boar. This result
would support a role of recreational hunting in limiting ungu-
late population growth. However, the positive association
observed when using vehicle collisions of the same hunting
season indicates that hunting bags increased concomitantly
with the population size of this species. Neumann et al.
(2020) found that the association between WVC and hunt-
ing bag data varied with the spatial scale and the ungulate
species (Neumann et al. 2020). Therefore, additional studies
should explore the effects of the spatial scale on the relation-
ship of these variables with population density to allow for
their reliable use as proxies of species abundance.

Although we cannot rule out that recreational hunting had
reduced population growth over the study period (Quirds-
Fernandez et al. 2017), game management, which is the
main source of ungulate mortality (Apollonio et al. 2017),
has been insufficient to hold back (no growth) or revert
(negative growth) the population increase of these ungulates
at regional scale in our study region. This steady increase
in traffic accidents caused by collisions with ungulates can
raise the risk of road fatality, thus colliding with the United
Nations resolution of reducing to half road victims in 2030
(UN General Assembly 2020). However, the resolution of
the United Nations does not contemplate the role of wildlife-
vehicle collisions in road safety (Ascensdo et al. 2021). The
socio-economic impacts of overabundant ungulates on road
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safety, agriculture and timber production, or disease trans-
mission to livestock or humans will likely aggravate as ungu-
late populations keep growing and human interventions to
mitigate damages will become more complex to implement
from a monetary, logistic, and societal perspective.
Adapting current models of recreational hunting to
achieve management goals could be an option as lethal
management is still the main source of ungulate mortality
in Europe (Apollonio et al. 2017). However, this strategy
encounters several problems. For suppressing population
growth, hunters should extract 50-70% of the population
(Croft et al. 2020; Keuling et al. 2013) but detailed
demographic data are most often lacking (Neumann et al.
2020). Although hunting pressure has intensified in several
regions, hunter numbers have been declining (Hagen et al.
2014; Massei et al. 2015; Milner et al. 2006). This process
is also happening in our study region, where people with
hunting licenses decreased from 160,265 to 117,163 between
2006 and 2022 (27%, https://datosabiertos.jcyl.es/). Further
increments in the number of harvested animals per hunter or
promotion of selective hunting of females and juveniles — the
key groups to effectively reduce population growth (Bieber
and Ruf 2005; Gonzalez-Crespo et al. 2018; Ueno et al.
2010) — might encounter little support from certain hunter
profiles due to operational or motivational reasons (Keuling
et al. 2016; Vercauteren et al. 2011). On the other hand, lethal
management faces increasing societal opposition (Liordos
et al. 2017) and the use of lethal control might appear
acceptable only under situations of severe ungulate damages
(Martinez-Jauregui et al. 2020). When lethal management is
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approved by authorities, management objectives should be
achieved through the application of ecological knowledge.

Additional management actions have been proposed to
reduce overabundant populations or alleviate their negative
effects. Culling programs can aid in population control by
increasing mortality rate and reducing reproductive success
when females and juveniles are the targets (Bieber and Ruf
2005; Carpio et al. 2021; Coté et al. 2004; Gonzalez-Crespo
et al. 2018); fertility control together with culling could cause
important population reductions in closed populations of wild
boar (Croft et al. 2020); supplementary feeding and fencing
might be used to mitigate agroforestry damages or traffic acci-
dents (Coté et al. 2004; Milner et al. 2014). However, these
actions might convey unintended deleterious effects — enhanced
disease transmission or compensatory survival that enhance
population growth (Bengsen and Sparkes 2016; Milner et al.
2014) —, and locally limited effectiveness due to complex and
costly logistics for their implementation (Bengsen and Sparkes
2016; Coté et al. 2004; Massei and Cowan 2014; McCann and
Garcelon 2008).

Management strategies for overabundant ungulates
based on recreational hunting seem insufficient under the
widespread increments in ungulate abundance, declines in
hunter numbers, and declining social acceptance of lethal
control of wildlife (Liordos et al. 2017; Massei et al. 2015).
The integration of community dynamics into adaptive
management, in particular restoring predator—prey inter-
actions, can aid recreational hunting in controlling ungu-
late numbers and reducing associated impacts (Apollonio
et al. 2017; Gilbert et al.2017; Marrotte et al. 2022; Nilsen
et al. 2007). Although conditions are nowadays favourable
for the recovery of large carnivores in human-dominated
landscapes (Chapron et al. 2014), there is still an enor-
mous sociopolitical pressure for the lethal management of
wolves, including recreational hunting to limit the increase
of population numbers and livestock attacks. In our study
region, we did not find a relationship between the annual
growth rates of wolf-vehicle collisions and of hunting bags,
suggesting that recreational hunting had no effect on the
population growth of wolves in the short-term. However,
there was no upward trend in wolf-vehicle collisions as
observed for ungulates, and wolf's hunting reflected legis-
lative changes in the wolf protection status. With no stud-
ies on the relationship between vehicle collision data and
wolf abundance, we acknowledge limitations of relying on
vehicle collisions as a proxy of wolf population growth
due to the high dispersal capacity of this species (Morales-
Gonzalez et al. 2022). Nonetheless, wolves are heavier
animals than roe deer and vehicle collisions with a wolf
should provoke material damages at least of similar con-
sideration to those caused by roe deer, thus generating
police reports for claiming insurance compensations.
Therefore, our results should warn about implementing

management strategies to control an apparent increment
of wolf populations not supported from annual monitoring
and under rough population estimates (Prieto et al. 2022;
Quevedo et al. 2019), because the use of hunting bags as
proxies of population density might not be valid for all
species (e.g., Neumann et al. 2020).

Despite the lack of scientific consensus on the relative
extent to which predation limits large herbivore abundance
(Kuijper 2011; Melis et al. 2009; Ripple and Beschta
2012), lethal management of predators might collide with
the goal of controlling overabundant ungulates by limit-
ing predation impact. Wolf harvest can reduce the mortal-
ity rate of wild herbivores due to lower wolf numbers,
destabilized wolf packs (Ferndndez-Gil et al. 2016), or
lower interactions with ungulates due to altered activity
patterns of wolves (Frey et al. 2022). A low density of
predators can even result in a negligible impact of preda-
tion on ungulate numbers (Gervasi et al. 2012; Sather
1997). Any lethal management of apex predators requires
a good knowledge of population demography, which was
not the case for the wolf in Spain and most probably in
other countries where the species is present (Creel et al.
2015; Laikre et al. 2022). The role of wolves and other
apex predators should be leveraged in mitigating the mul-
tifaceted issue of overabundant ungulates because most
of the environmental changes that facilitate the increase
of large ungulate numbers — mild winters, natural affor-
estation due to rural abandonment, or the intensification
of agriculture — will not revert in the short term and are
complex to manage at a large spatial scale.
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