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Abstract: Wildlife–vehicle collisions (WVCs) in many places have a significant impact on wildlife
management and road safety. The COVID-19 lockdown enabled the study of the specific impact
that traffic has on these events. WVC variation in the Asturias and Cantabria regions (NW of
Spain) because of the COVID-19 lockdown reached a maximum reduction of −64.77% during strict
confinement but it was minimal or nonexistent during “soft” confinement. The global average value
was −30.22% compared with the WVCs registered in the same period in 2019, but only −4.69%
considering the average throughout the period 2010–2019. There are huge differences between
conventional roads, where the traffic reduction was greater, and highways, where the traffic reduction
was lesser during the COVID-19 lockdown. The results depend on the season, the day of the week
and the time of day, but mainly on the traffic reduction occurring. The results obtained highlight the
need to include the traffic factor in WVC reduction strategies.

Keywords: civil engineering; COVID-19 lockdown; road ecology; road safety; traffic; wildlife-vehicle
collisions

1. Introduction

At the beginning of the COVID-19 pandemic (March 2020), the NW of Spain suffered,
like many other regions around the world, a strong lockdown to control spread. This
general lockdown, sometimes denominated “antropausia” [1], led to a significant decrease
in mobility, with a subsequent road traffic reduction. It would be expected that, among other
effects, this reduction would lead to a decrease in wildlife-vehicle collisions (WVCs) [2,3].

WVCs account for 8.9% of road traffic accidents in Spain and their socioeconomic
impact has been estimated at EUR 105,007,649/year [4]. In some regions of the northwest,
such as Asturias, this percentage reaches 21.31% [5]. The analysis of the circumstances in
which WVCs occur is therefore of great interest. Any WVC happens because there is a
spatiotemporal coincidence between at least one animal and one vehicle. The main factors
involved are the behavior of the species, the conditions of the habitat, the characteristics of
the infrastructure, the traffic and the attitude of drivers. The most complete models that
address the study of WVCs are those that integrate, in one way or another, most of these
aspects, e.g., [6–10]. Significant changes in any of these variables, such as traffic reduction
due to COVID-19 lockdown, allow us to investigate the particular impact in detail.

In Spain there are two main types of interurban road networks: the State Road Network
(SRN) and the Autonomous Community Road Networks (ACRNs). The SRN connects
the main cities of the country and is managed by the National Government through the
regional Offices of the Ministry of Transport, Mobility and Urban Planning (MITMA).
The ACRNs are used exclusively for the internal transportation needs of different regions
and depending on each regional government. The objective of this research was to study
the impact of traffic reduction due to COVID-19 lockdown on WVCs in the SRN and the
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ACRN of Asturias and Cantabria (both regions in the NW of Spain), investigating specific
differences between conventional and high-capacity roads, as well as among the main
animal species involved in collisions.

2. Materials and Methods
2.1. Study Area

Asturias and Cantabria are two autonomous regions located in the NW of Spain
(Figure 1) whose main characteristics are summarized in Table 1. Both regions have
central areas where the majority of the population lives around several cities near the coast
that make up two metropolitan systems with extensive peri-urban areas that function,
particularly in Asturias, as large conurbations.
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Table 1. Main characteristics of the Asturias and Cantabria regions (NW of Spain).

Region Area a

km2
Population a

Persons

Length SRN b

(High Capacity) b

km

Length ACRN b

(High Capacity) b

km

Traffic SRN b

(High Capacity) c

veh-km (km) × 106

Traffic ACRN b

(High Capacity)
veh-km (km) × 106

Asturias 10,603.57 1,018,706 851
(385)

4193
(81)

3555.9
(2879.47)

2031.6
(n.a.)

Cantabria 5321.30 582,796 578
(258)

1984
(0)

3348.4
(2839.67) 1035.4

Source: a [11], b [12], c [13].

Biogeographically they are integrated within the European Atlantic Province within
the Eurosiberian Region [14]. Its current vegetation is formed almost in equal parts by
wooded areas, scrub areas and, finally, by pastures, meadows and crops; basically, forage
crops [15,16]. Among the wildlife in these regions, the most dangerous for WVC are
wild ungulates, roe deer (Capreolus capreolus L. 1758) and wild boar (Sus scrofa L. 1758),
which stand out due to their breadth of distribution and abundance, even increasing in
number over recent years due to the global change in human socio-demographics and
global warming [17].

2.2. Wildlife-Vehicle Collisions

Traffic authorities have a registration system for any type of accident denominated
ARENA (with detailed location—road, kilometer point and UTM coordinates—animal
species and time data). This system collates practically all the wildlife-vehicle collisions
(WVCs) with medium–large animals involved [5] and it provides the data source used in
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this work. The summary of the annual information on WVCs occurring from 2010 to 2020
is listed in Table 2.

Table 2. WVC in ACRN and SRN of Asturias and Cantabria between 2010–2020.

Network 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

ACRN 473 470 498 416 383 370 470 526 622 671 612
SRN 493 477 560 471 405 401 475 546 621 627 717

Previous studies show that both territories are among the Spanish regions with a
high incidence of WVC, with wild boar and roe deer as the main species involved [4].
Likewise, detailed studies in Asturias [5] indicate: (a) a growing trend of WVCs since 2006
with inter-annual fluctuations, (b) an increasing ratio of wild boar collisions compared
to those with roe deer, (c) a more balanced distribution of collisions wild boar/roe deer
in conventional roads than in high-capacity ones, where wild boar collisions are very
dominant, and (d) a slightly higher occurrence at weekends. Collisions with roe deer
in NW Spain occur mainly in spring, immediately before and after sunrise and sunset.
However, wild boar collisions take place mainly during the two hours after sunset from
mid-October to late February [5,18–20].

2.3. Traffic and Mobility

Given the unavailability of data on intensity (Average Daily Traffic, ADT) or flow
(vehicle-kilometer, vkm) of traffic during the study, two traffic proxies were used: (a) Spain
long-distance daily trip (>3 h) number data, and its equivalent on the reference day, pro-
vided by traffic authorities during the COVID-19 lockdown [21] and (b) Asturias and
Cantabria mobility compared to the reference day data, expressed as passenger-kilometer,
collected by road authorities [22] from 14 February 2020 to the present. In the first case,
when referring to the whole of Spain, the percentage of reduction or increase was preferen-
tially used instead of absolute values. In the second, the expression passenger-kilometer in-
cludes any type of person (driver, passenger, pedestrian, etc.) who makes a journey >0.5 km
by any means (on foot, by bicycle, by bus, by train, etc.), although most involve a car.

2.4. COVID-19 Lockdown

The COVID-19 pandemic in Spain still continues and there is a general consensus that
at least six waves have been registered. This study focuses on the first, from 14 March to
21 June 2020, when the first “state of alarm” was decreed to stop its effects, which entailed
very strict restrictions that severely affected the daily lives of citizens. The phases shown in
Table 3 describe the stages of COVID-19 lockdown then applied in Spain, considering the
specific modifications introduced in the regions studied. Subsequently, it was necessary to
determine other restrictions that also affected mobility, in particular those decreed with the
second “state of alarm” that began on 25 October 2020 and ended on 9 May 2021, although
this time general confinement of the population was not regulated.

Undoubtedly, it will be necessary in the future to study the entire pandemic duration
as a unique period, linking mobility and traffic restrictions with WVCs, as this will provide
more complete information for managing the problem. However, like other authors who
are interested in issues related to traffic and COVID-19, it seems especially appropriate to
focus on the initial period due to its critical importance [23] and the severity of the measures
that were adopted [24], although data from other periods of 2020 were used for the purpose
of comparison.

2.5. Statistical Analysis

As indicated in the results, when necessary, besides absolute frequencies of WVCs,
daily relative frequencies were used for data normalization to eliminate distortions existing
due to inter-annual variations. Likewise, the moving averages of seven days were used
sometimes as daily values in order to minimize the random effects of WVC occurrence, and
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the problem of inter-annual desynchronization between the date and the day of the week.
The WVC data for 2020 were compared with those of 2019 and with those of the average of
period 2010–2019. Furthermore, data of 2010–2019 have been used in individualized years
for the study of COVID lockdown impact over WVCs on conventional vs. high capacity
roads and those where roe deer vs. wild boar were involved. Moreover, following Shilling
et al. [25], WVCs/day rates were compared over 28 days at the beginning of the COVID-19
lockdown, or equivalently in 2010 to 2019, with identical periods immediately before.
This very short period was chosen to minimize the influence of possible seasonal changes
in wildlife movement. Finally, the WVC/mobility rate was used to make comparisons
during different periods of 7 days—before, during and after COVID-19 lockdown—of 2020,
selected with the criteria of representing both the different phases of lockdown and the
annual cycle of WVCs in the studied territory [5].

Pearson’s r correlation coefficient, paired samples Wilcoxon test and two-tailed Stu-
dent’s t-test were used as the statistical test for the comparisons (significance is showed
in the results section). Computations were performed in R software with the package R
Commander [26].

Table 3. Phases of COVID-19 lockdown affecting Asturias and Cantabria.

Phase Dates
(Year-Month-Day) Description (Main Restrictions and Exceptions) Mobility a Traffic b

Strict lockdown start From 2020-03-14 to
2020-03-29

Declaration of the national “state of alarm”.
Home confinement of the entire population

(exceptions: buying food or medicines, going to
work in essential services or emergencies).

Closure of every non-essential establishment
(bars, restaurants, discos, coffee shops, cinemas,

museums, libraries, commercial and retail
businesses).

14–52% 12–63%

Very strict lockdown From 2020-03-30
to 2020-04-09

Closure of all activities, with the exception of
essential services. 14–38% 9–30%

Strict lockdown
reduced

From 2020-04-10
to 2020-05-03

Gradual opening of non-essential activities with
many restrictions and, in the end, the population
were allowed to go out in very short and pre-set

time slots. Leaving the city of residence was
totally forbidden.

13–48% 8–46%

End of strict
lockdown (phase 0)

From 2020-05-04
to 2020-05-10

Getting ready for de-escalation.
Consolidation of the final situation of the

previous phase.
17–52% 15–50%

De-escalation phase 1 From 2020-05-11
to 2020-05-24

De-escalation starts.
Opening of non-essential activities.

Restricted opening of many shops and businesses.
Longer pre-set time slots for remaining outside

the home.

31–68% 19–61%

De-escalation phase 2 From 2020-05-25
to 2020-06-07

Generalized opening of shops and businesses.
General permission to go out at any time but

pre-set time slots reserved for people >70 years.
36–75% 30–71%

De-escalation phase 3 From 2020-06-08
to 2020-06-21

Pre-set time slots were cancelled.
Opening of all activities with limited capacity

inside restaurants. Travel restrictions lifted.
End of the first national “state of alarm”.

43–82% 49–84%

a Range values of “% of passenger-kilometer daily compared to the reference day” [22] for each phase. b Range
values of “% long-distance daily trip number compared to the reference day” [21].
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3. Results

The year 2020 began with an increase in wildlife-vehicle collisions (WVCs) in Asturias
and Cantabria and, even though the figures were lower during the COVID-19 lockdown, the
trend continued after the end of it, in comparison with 2019 and 2010–2019 series, observing
a strong increase in the month of July. Nevertheless, 254 WVCs happened during COVID-19
lockdown. This constitutes a −30.22% variation in WVCs compared with the same period
of the previous year (statistically significant: t = 7.55, d.f. 99, p < 0.001), and −4.69%,
compared with the average of the same period of the years 2010–2019 (statistically not
significant). This reduction was very unevenly distributed during the different lockdown
phases. Strict phases had a higher reduction, reaching up to −64.77% when lockdown
started, and −47.34% during the very strict lockdown, compared with 2019 (statistically
significant: t = 8.90, d.f. 15, p < 0.001 and t = 10.25, d.f. 10, p < 0.001, respectively).
Afterwards, as the restrictions became softer (de-escalation phases), the difference in WVCs
was reduced, even reaching a positive net balance compared with 2010–2019 (20.30%,
statistically significant: t = −4.56, d.f. 41, p < 0.001) and a slightly negative one compared
with 2019 (−4.27%, statistically not significant) (Figure 2).
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Figure 2. Evolution of the WVCs (7-day moving average) in Asturias and Cantabria. Colored bars
indicate, in all figures, the different phases of the COVID-19 lockdown in 2020 (red range: strict
lockdown; green range: de-escalation).

During the years previous to 2020 there is no statistically significant variation in collisions
between the days before and after (periods of 28 days before and after) the start date of
COVID-19 lockdown. However, in 2020 this reduction is statistically significant (Table 4).

Table 4. Change in daily rates of wildlife-vehicle collisions (standard deviation) for 28 days immedi-
ately before and at the beginning of COVID-19 lockdown or equivalent.

Year Before Lockdown or
Equivalent (s.d.)

Strict Lockdown or
Equivalent (s.d.) Significance

2010 2.71 (1.54) 3.04 (1.62) not significant
2011 2.36 (1.97) 2.04 (1.10) not significant
2012 3.29 (1.76) 2.79 (1.52) not significant
2013 2.11 (1.34) 2.61 (1.34) not significant
2014 2.96 (1.88) 2.79 (1.73) not significant
2015 1.79 (1.32) 2.39 (1.23) not significant
2016 2.11 (1.55) 2.29 (1.36) not significant
2017 2.71 (1.80) 3.14 (1.38) not significant
2018 3.21 (1.75) 3.11 (1.95) not significant
2019 4.25 (1.88) 4.64 (2.78) not significant
2020 3.57 (2.17) 1.89 (1.66) p < 0.01
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There is a low to moderate correlation with very high statistical significance between
traffic reduction (long-distance daily trip reduction) and WVC reduction (r = 0.328, p < 0.001
for 2019; r = 0.592, p < 0.001 for 2010–2019). Traffic reduction is greater than WVC reduction
and it had to be greater than 50%, as in the strictest lockdown, to provoke noticeable effects
on the reduction of WVCs (Figure 3).
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Figure 3. WVC daily percentage variations during COVID-19 lockdown (compared to 2010–2019)
with regard to traffic reduction (long-distance daily trip reduction) registered by DGT (2020). Colors
of the points equal to those of the bars in Figure 2.

The reduction detected did not imply low WVC/mobility rates (Table 5). In fact, the
rate appears unusually high during strict lockdown, at which time a rate slightly higher
than in the previous period was expected, but not as high.

Table 5. WVCs/mobility rates during different periods of 7 days.

Period (Year, Month, Day) WVC/Mobility Observations

From 2020-02-14 to 2020-02-20 7.36 × 10−8 Reference period in [22]. Normality previous to
the declaration of the COVID-19 lockdown.

From 2020-03-27 to 2020-04-2 12.91 × 10−8 Strict COVID-19 lockdown.
From 2020-05-29 to 2020-06-4 6.90 × 10−8 De-escalation COVID-19 lockdown.
From 2020-07-31 to 2020-08-6 3.58 × 10−8 Normality in the summer vacation period.

From 2020-11-20 to 2020-11-26 20.65 × 10−8
Usually, peak WVC period of the year [5]. Very

reduced mobility (28–77%) [22] due to the decree
of new anti-COVID-19 measures.

Data analysis shows that the reduction took place especially on holidays (weekends
and bank holidays), while WVCs decrease in all phases, compared with 2019 (Figure 4).

Regarding the times of the accidents, no significant differences in WVC time distri-
bution were found during de-escalation. Nonetheless, WVCs were concentrated in the
time slot from 9:00 p.m. to 10:00 p.m. (Figure 5) during strict lockdown; the difference is
statistically significant compared to 2019 and 2019–2020 (V = 236.5, p < 0.05 for 2010–2019;
V = 136, p < 0.01 for 2019).

Conventional roads showed a higher reduction in WVCs than high-capacity ones.
Moreover, roe deer collisions underwent a greater reduction than collisions in which wild
boars were involved (Figure 6).
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Although there are general common patterns in WVC variations, there are differences
between ACRN and SRN. The reduction was greater and more consistent in terms of time
on ACRN. This is represented, in Figure 7, as the percentage of accidents occurring in one
day compared with the total occurring during the whole year. This figure shows that the
reduction on ACRN remains remarkably even during de-escalation phase 1.
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4. Discussion

Although with variable results, several studies show reductions in the number of
traffic accidents during COVID-19 lockdown [27–34]. Equally, three studies have found a
wildlife-vehicle collision (WVC) decrease in Europe [35], the USA [25] and Australia [36].
In our case, this reduction in the WVCs was clearly verifiable in the step before/after the
start of lockdown (Table 4) and is confirmed in general terms similar to the aforementioned
studies, although with some specific nuances of interest for road safety management.

WVCs in the NW of Spain have had a growing trend since 2006 [5] and the beginning
of 2020 appears to continue it, registering higher values than any previous year (Figure 2).
In this context, it is likely that COVID-19 lockdown has actually led to a greater absolute
reduction in WVCs than that indicated by us, particularly in de-escalation, as other studies
have found [35], which should be recognized as a limitation of the analysis method used.

The lockdown period as a result of the unfortunate COVID-19 pandemic shows,
especially during the strict phase (Figure 3), that traffic reduction acts, as was predictable,
as a strategy to reduce WVCs: fewer vehicles traveling, less chance of collision occurring.
However, the observed decrease is not directly equivalent to traffic reduction, since the
relationship between traffic and WVCs is generally positive, but it is neither necessarily
linear nor clearly assignable [37].

The COVID-19 lockdown studied took place in spring (Figure 2) and its effects would
probably have been different if it had happened in another time of year, as other authors
have also speculated [36]. Roe deer vehicle collisions were the ones that reduced the
most in spring lockdown (Figure 6), just when previous studies had shown the seasonal
peak of these collisions throughout the year in NW Spain [5,18–20]. However, if the strict
confinement had occurred in autumn, the main reductions would probably have occurred
in collisions with wild boars, which show their peak then. In fact, different anomalies in the
number of accidents with different mammal species have been found in Slovenia during
the spring and autumn COVID-19 lockdowns [38]. There, although unlike in Spain where
collisions with roe deer are always the majority, reductions in wild boar have only been
detected in autumn. Other authors had already reported that the locomotory activity of
animals is a factor as important or more so than traffic in WVCs, especially on conventional
roads [39] which is where the most marked reduction occurred in our study (Figure 6). In
any case, traffic is a powerful factor, as shown by the fact that WVC reductions were greater
and more consistent on non-working days when traffic was lower (Figure 4).

Other factors also have an impact on WVC reduction, such as the different barrier
effects in the territory depending on the type of road (Figure 6). Traffic decrease was
greater on ACRN than on SRN (Figure 7). This could be explained by several confluent
reasons. First, SRN include the major communication axes which support the flow of
materials for essential activity and although we do not have data, it is logical to think that
the traffic reduction has been less there. Second, they link large population centers and
industrial zones adjoining them. Thus, this road network is not only for long-distance
travel, but also work-related mobility, principally in metropolitan areas, and must be taken
into account that labor activity, always the essential and the rest to a greater or lesser degree,
was maintained throughout COVID-19 lockdown. The highest concentration of collisions
in the time slot 9–10 p.m. during strict confinement (Figure 5) supports this speculation.
Finally, 45% of SRN are highways with fencing and they absorb around 83% of traffic on
this network, whereas only 1.31% of roads are fenced on ACRN. Highway fencing is quite
effective for roe deer, but much less so for wild boar [5], so in the high-capacity roads there
are fewer possibilities of WVC reduction in spring. The effect of road fencing has been
considered by other authors to explain the cases in which the reduction in traffic was not
associated with a decrease in WVCs during COVID-19 lockdown [40].

WVC reduction strategies are based on decreasing the probability of an animal-vehicle
encounter. Physical separation of road infrastructures and wildlife by using fences is the
most effective measure to achieve this [41]. Nevertheless, environmental problems related
to habitat fragmentation [42,43] may arise if the effect is not countered with ecoducts or
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under or overpasses [44,45]. However, road fencing is not always possible. For example,
in Asturias about 9% of roads are fenced and these account for almost 60% of the traffic
load [13,46] where around 30% of the WVCs take place [47]. Considering other measures
(signs, reflectors, chemical repellents, etc.) are much less effective [41], what happened
during the COVID-19 lockdown should have application in seeking and implementing land
use models, social activity development and transport options that lead to traffic reduction.

It is remarkable that roe deer daily movement peaks match traffic related to going to
work and returning home at twilight [5], which increases accident probabilities. Approxi-
mately 30% of population movements made in Asturias and Cantabria on working days are
from/to work and the majority of these (56%) are carried out in cars [48]. As was concluded
in other studies in Spain, most of these passenger cars have a very low occupancy rate—e.g.,
1.29 people/vehicle in Madrid [49]. The association of a good part of collisions with work
displacements may explain, at least in part, that despite its absolute reduction during strict
COVID-19 lockdown, the WVC/mobility rate increased compared to the previous period
and was one of the highest in all of 2020 (Table 5). High rates had already been found
by other authors [50]. Traffic reduction related to working activity through promoting
specific actions for this purpose (teleworking, public or collective transport systems, shared
vehicles, penalization for private or low occupancy cars, etc.) would have a positive impact
in reduction of WVC.

However, while vaccination against COVID-19 is not generalized and herd immunity
achieved, any attempt to promote public or collective transport would be unsuccess-
ful [51]. Moreover, even in this situation, the aim should be to promote and intensify
efforts to develop and implement measures to increase public transport safety against
disease [52], which may require additional financial investment [53] and special attention
and actions [54].

It should also be considered that more than 95% of internal freight transport in Spain
is carried out by truck [55]. This situation is worse in the NW of the country, where
the transverse railway axes among the regions of this zone are very deficient, whereas
perpendicular ones, which connect the NW with the rest of the country, are historically
weighed down by the complex orography associated with Cantabrian mountain range,
which forms a barrier to the south. The mixed “passenger-freight” use of the new high-
speed rail routes—under construction or projected [56]—could mitigate this circumstance
by promoting modal transport.

Obviously, it is desirable that the singular situation caused by COVID-19 is only
temporary and everything returns to normal after mass and effective vaccination. However,
a deep reflection should be made to learn from what happened and its repercussions for
the population and our way of life, not only in the context of health but in all fields of study.
Considering WVCs, we should focus on the need for traffic reduction and intermodal
transport and, at the same time, work on medium and long-term measures, a time horizon
where two aspects stand out: teleworking and territorial planning, although they may
encourage opposite trends.

Indeed, teleworking can be done from anywhere, but it does not affect all job categories
equally. It is especially suitable for more technical and highly qualified workers who are, in
general, better paid [57,58]. However, the COVID-19 lockdown revealed that the spectrum
where teleworking is applicable is broader than thought, and that its growth margin was
larger in countries where its implementation was still limited [59], such as Spain. The
current context may lead to the misinterpretation of the “social distancing” recommended
by the health authorities, into physical distancing from the most populated areas (e.g.,
compact urban). Therefore, territorial and urban planners should be especially careful not
to promote low-density urban development, which is related with highly car-dependent
lifestyles and consequently, traffic increment.

Strategies of this type seem especially convenient in regions such as Asturias, where
75% of the population lives in less than 25% of the territory around four cities located
in its central area, which means that most of the regional WVCs take place there [47].
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The data reveals that in this region until the 2020 summer holidays the use of public
transport had remained almost 40% less than before the COVID-19 lockdown [60]. In this
scenario, partly due to the fear of another lockdown in an apartment, there is an increase
in demand for residential areas outside the cities, located in already highly fragmented,
periurban areas surrounded by nature [61]. There, wild boar, thanks to their enormous
plasticity [62,63], find facilities to proliferate [64,65], likely leading to a future increase in
WVCs. Preventing what may be a temporary situation from becoming a consolidated trend
beyond the pandemic period should be prioritized.

Finally, these strategies would have the advantage of achieving permanent traffic
reductions, avoiding the “rebound” effect detected immediately after lockdown (Figure 2);
especially when it may have a twofold origin. First, a temporary maintenance of the altered
animal behavior [66] and a greater use of (peri-)urban areas during lockdown, which may
have been exaggerated [67]. The second, the persistence of dangerous driving attitudes,
originated by and detected during lockdown [68], as well as the loss of driving skills after
it or the lack of vehicle maintenance during the lockdown, as some Spanish authorities
and traffic experts in the media have reported. These have led to a general accident rate
increase after confinement [69,70], which has also been detected in other places [29].

5. Conclusions

The COVID-19 lockdown has highlighted the importance of traffic in wildlife-vehicle
collisions (WVC) occurrence and it has shown the relevance of considering this factor in
strategies to reduce this problem, which affects both the environment and road safety. How-
ever, the data, which according to the periods of lockdown range between −64.77% and
−4.27% WVCs compared to 2019, indicate that not every traffic reduction is equally produc-
tive. WVCs follow very specific spatiotemporal patterns and traffic reductions are effective
when they affect them. Furthermore, the characteristics of the roads and the distribution
of traffic should also be considered. In Asturias and Cantabria, the main species involved
in WVCs are wild boar and roe deer, so the reductions should occur above all in mobility
related to commuting to and from work and freight transport. However, these patterns
differ depending on the species and places, so the design of traffic reduction measures and
strategies, which must be consistent to avoid unwanted rebound effects, should be adapted
to local circumstances. Accordingly, local research is absolutely necessary.
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