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Abstract

Animal-vehicle collisions (AVCs) are an increasing concern globally, yet domesticated
animals, particularly dogs, remain understudied. We investigated spatial and temporal
patterns of dog-vehicle collisions (DVCs) in Lithuania. Landscape variables such as distance
to buildings, forests, meadows, and arable land, as well as land cover composition within
a 500 m radius, were analyzed using GIS and compared to randomly generated pseudo-
absence points. Temporal patterns were analyzed monthly, daily, and hourly. There was a
significant difference in the number of DVCs occurring at sunrise and sunset. Moreover,
DVCs were more frequent on weekends, peaking on Fridays and Sundays. Spatially, DVCs
were significantly more likely to occur closer to built-up areas and meadows, and farther
from forests and arable land, compared to random pseudo-absences, indicating a strong
association with human-modified habitats. These findings indicate that DVCs are more
influenced by human-modified landscapes and dog activity patterns, particularly around
dawn and dusk.
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1. Introduction
Roads are essential elements of modern transportation systems, yet they also influence

nearby wildlife populations [1–3]. Consequently, it is important to consider these ecological
impacts when optimizing road alignment [4].

In recent decades, the number of animal-vehicle collisions (AVCs) worldwide has been
steadily increasing. This is thought to be mainly due to the increasing intensity of motor
vehicle traffic and the expansion of road networks [5–10]. Based on the published research
results, it can be concluded that the frequency of collisions between animals and vehicles
on roads is determined both by human factors, such as traffic intensity, land use structure
in roadside areas, driver attentiveness and understanding of traffic and environmental
conditions, as well as natural factors such as terrain, distribution of roadside habitats,
weather conditions, roadside vegetation, time of day and year, etc. [11–13].

Every year, AVCs cause the death of millions of animals belonging to various tax-
onomic groups [14–17]. In addition, animal–vehicle collisions not only account for sub-
stantial wildlife mortality but also endanger human life, causing fatalities, injuries, and
significant associated social and economic burdens [10,12,15]. Therefore, overall, AVC is
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considered a serious road safety, environmental, and socioeconomic problem that needs to
be addressed.

Although many animals are killed each year due to the expansion of transport systems
and networks, we know little about the number and extent of animal deaths on roads
or which species may be disproportionately affected. Recent studies have shown that
collisions between animals and vehicles, involving both wild and domestic animals, depend
on temporal and spatial factors [18,19].

Currently, there are many scientific articles published in the scientific press that ex-
amine various aspects of the damage caused by AVC, its causes, and potential prevention
measures [20]. Taking into account the different characteristics of different types of wildlife,
it is necessary to identify the sources of AVC (e.g., wild or domestic animals) and the pat-
terns of such collisions in order to implement effective road accident prevention measures
in a specific area [16].

In order to reduce the number of collisions between cars and animals, as well as
the damage caused by them, various preventive measures and installations are being
developed, tested, and implemented around the world. These include speed limits, warning
signs, underground and over ground animal crossings, various fencing, animal deterrent
and driver warning systems, etc. [21,22]. However, their effectiveness depends greatly on
specific conditions [21–24]. This is because AVC patterns can vary, for example, on a daily
and seasonal basis, depending on the behavioral characteristics of the species involved
in AVC (e.g., due to feeding, migration, or breeding) [25–27]. As the comprehensive
implementation of animal–vehicle collision mitigation strategies across full road networks
is constrained by economic and logistical limitations, it is logical to separate collision cases
according to individual characteristics and address the problem by focusing efforts on
priority animal groups. Therefore, in order to develop and maximize the effectiveness of
mitigation measures, it is necessary to identify and quantify the species affected by AVC, as
well as the spatial and temporal distribution of collision sites.

Based on data from articles published in scientific journals, all collisions with animals
can be divided into collisions between cars and wild animals and collisions between
cars and domestic animals [8]. Most published articles focus their research on AVCs
involving wild animals, while there are significantly fewer scientific studies examining
AVCs involving domestic animals; therefore, there are also significantly more unanswered
questions in this area. Domestic animals are involved in many traffic accidents and, due to
their size, pose a danger to humans [28]. Despite this, few studies take domestic animals
into account. This could be explained by the fact that AVCs with wild animals account for
the majority of collisions overall [29], but the situation is fundamentally different in urban
environments, where domestic animals account for the majority of animal fatalities [30].

The aim of our study is to investigate the role of dogs, a group of domestic animals
that has been little studied so far, in overall AVC statistics. In order to describe their spatial
and temporal (daily, weekly, and monthly) distribution and to investigate various factors
that may determine such patterns, we analysed collisions included in the Lithuanian traffic
police collision register.

2. Materials and Methods
The Republic of Lithuania is approximately 65,000 km2, situated on the eastern shore

of the Baltic Sea, with a population of 2,885,891 in 2024 and a population density of
44.21 inhabitants per km2 [31]. Agricultural fields and highly fragmented forests dominate
the landscape, covering respectively 44.0% and 33.0% of the territory [32–34].

In Lithuania, there are two functional categories of roads: roads of national im-
portance and local roads. National importance roads consist of: (1) main roads, with
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the length of 1750.71 km and an annual average daily traffic (AADT) rate from around
10,000 vehicles/day in 2014 to more than 11,000 vehicles a day in 2021; (2) national roads,
with the length of 4927.68 km and an AADT from 2300 vehicles/day in 2014 to more than
2500 vehicles/day in 2021; and (3) regional roads, with the length of 14,559.24 km and an
AADT from 400 vehicles/day in 2014 to 500 vehicles/day in 2021. The length of local roads
is 60,887 km [35].

For the spatial analysis of dog-vehicle collisions, four land cover types and object
groups were selected, including built-up areas, pastures, arable land, forest and road fences.
Distances from the roadkill to the nearest land cover type were calculated using the spatial
dataset of georeferenced base cadaster (GRPK) for 2023, and to the nearest road fence using
the spatial dataset of KTVIS National road data [36]. The distribution of different land
cover types in 2023 did not differ significantly from the range of land cover values observed
between 2014 and 2021 (Crawford and Howell single t-tests; all p > 0.05).

The records of road accidents with domestic animals (1216 records) in Lithuania from
2014 to 2021 were extracted from the Lithuanian Road Police Database. Since the largest
portion of the recorded accidents was with dogs (929 cases), only the dog-vehicle collisions
(DVCs) were used in the analysis. The DVCs accounted for 76.4% of road accidents with
domestic animals and 3.2% of road accidents with all animals during the study period. The
frequencies of DVCs across the different road categories were 120 on main roads, 238 on
national roads, and 571 on regional roads. The same DVC frequencies were maintained
while generating random pseudo-absence data using ArcGIS Pro 3.6.2 (ESRI). All but one
accident record with the dogs included data on the time of the accident, location coordinates
and participants.

We analysed temporal deviance of DVC frequencies using chi-square goodness-of-fit
tests. Compared DVCs’ numbers at sunrise hours vs. sunset hours using the Wilcoxon
signed-rank test. We compared eight landscape characteristics, such as nearest distances (m)
to (i) buildings, (ii) forests, (iii) meadows, (iv) arable land, and areas (ha) of major landscape
covers such as: (v) forests, (vi) meadows, (vii) arable land, and (viii) built-up areas, within
a 500 m radius from the truly observed DVCs points (n = 929, Figure 1A) vs. the same
landscape metrics calculated from randomly generated points “pseudo-absence of DVCs”
(n = 929, Figure 1B) using Mann-Whitney U-tests with Bonferroni correction (padj) for
multiple (n = 8) comparisons. All tests were two-tailed and the results were considered
significant if p < 0.05. The analyses were performed using Past 4.07b [37].

Figure 1. Dog road kills (DVCs) in the territory of Lithuania: (A) real occurrences of DVCs over the
period 2014–2021, and (B) randomly generated pseudo-absence of DVCs.
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3. Results
The average number of DVCs in Lithuania during 2014–2021 was 116 per year (n = 8).

The lowest frequency of DVCs was recorded in 2017 (96) and the highest in 2019 (178). The
frequency of DVCs on different types of roads was not uniform (obs. vs. exp., χ2 = 171.06,
df = 3, p < 0.001), with the highest FO (41.87%) on local roads. The monthly distribution of
DVCs (pooled for eight years) was not uniform (χ2 = 51.6, df = 11, p < 0.0001) and peaked
during the winter (Figure 2A). Most DVCs were registered in January and December (113
and 108, respectively) and the lowest frequencies were observed in May and June (59 and 55,
respectively). The daily distribution of DVCs (pooled for eight years) did not significantly
deviate from the uniform pattern (χ2 = 7.2, df = 6, p = 0.299), however, more DVCs than the
daily eight-year pooled average (132.7) were observed on Fridays (155) and Sundays (142)
(Figure 2B).

Figure 2. (A) Monthly, and (B) daily distribution of number of dog-vehicle collisions (DVCs), pooled
for 8 years. Dashed reference lines indicate eight-year monthly (77.4) and daily (132.7) numbers.
Thick vertical lines on horizontal bars indicate yearly median DVCs.

Hourly distribution of DVCs (pooled for eight years) was not uniform (χ2 = 385.8,
df = 23, p < 0.0001) (Figure 3). Closer examination of the data showed that the DVCs were
concentrated in a 5-h period (5 pm to 10 pm) (42% of the total accidents; Figure 3). The
number of DVCs occurring during the sunrise and the sunset differed significantly (Wilcoxon
signed-rank test: z = 2.7541, p = 0.006). The median number of DVCs during the sunrise was
1.5 (25th–75th percentiles: 0–5.25), while during the sunset it was 5.5 (25th–75th percentiles:
4–10.25) (Figure 3).

Actual DVCs locations tended to have lower distances to buildings and meadows
and higher distances to forests and arable land. The median nearest distance to buildings
in real DVC occurrences (50.7 m) was significantly lower than in the random pseudo-
absences (166.6 m) (Mann-Whitney test, z = 16.628, padj < 0.001) Figure 4A. The median
distance to forests in real DVC occurrences (215.2 m) was significantly higher than in the
random pseudo-absences (140.9 m) (Mann-Whitney test, z = 6.1993, padj < 0.001) Figure 4B.
The median distance to meadows in real DVC occurrences (103.2 m) was significantly
lower than the median distance in the random pseudo-absences (128.9 m) (Mann-Whitney
test, z = 3.0702, padj < 0.05) Figure 4C. The median distance to arable land in real DVC
occurrences (32.2 m) was significantly higher than that one in the random pseudo-absences
(7 m) (Mann-Whitney test, z = 9.623, padj < 0.001) Figure 4D.
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Figure 3. Distribution of dog-vehicle collisions (n = 928) throughout the day during different months
over the period 2014–2021. The yellow and red lines indicate a sunrise and a sunset (respectively).

Figure 4. An average (±SE) nearest distance (m) to (A) buildings, (B) forests, (C) meadows, (D) arable
land, and the area of (E) built-up area, (F) forest area, (G) meadow area, (H) arable land in DVCs
locations (Real) and in randomly generated pseudo-absence of DVCs locations (Random). As-
teriks indicate Bonferroni adjusted p-values: * padj < 0.05, *** padj < 0.001. Thick horizontal lines
indicate medians.

The areas of main land cover types within a radius of 500 m differed between the
actual DVC locations and the randomly generated pseudo-absence of DVC locations.
The median built-up area in real DVC occurrences (1.1 ha) was significantly higher than
the median built-up area in the random pseudo-absences (0.2 ha) (Mann-Whitney test,
z = 16.278, padj < 0.001) Figure 4E. The median forest area in real DVC occurrences (4.3 ha)
was significantly lower than the median forest area in the random pseudo-absences (8.1 ha)
(Mann-Whitney test, z = 5.7476, padj < 0.001) Figure 4F. The median meadow area in real
DVC occurrences (4.4 ha) was significantly higher than the median meadow area in the
random pseudo-absences (2.7 ha) (Mann-Whitney test, z = 7.1271, padj < 0.001) Figure 4G.
The median area of arable land in real DVC occurrences (26.7 ha) was significantly lower
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than the median area of arable land in the random pseudo-absences (42.6 ha) (Mann-
Whitney test, z = 8.3046, padj < 0.001) Figure 4H.

4. Discussion
Our investigation shows that domestic dogs significantly prevailed among other

domestic animals involved in AVCs. However, they make up only a little more than 3% of
all AVCs, including wild animals. A similar pattern was found in some other countries,
e.g., Belgium [29], Slovakia [38], although in some regions, domestic dogs in AVCs may
comprise the major part of all cases, especially in highly urbanized environments [16].
Many veterinary clinics around the world confirm that a significant part of domestic dog
injuries are caused by road traffic accidents, even among purebred dogs, which could
require high care from their owners [39–42].

4.1. Spatial and Traffic Interrelation Patterns

DVCs were registered on all road categories. However, there was a clear increasing
trend in DVCs on local roads (low-traffic roads) compared to magistral and regional roads
(high-traffic roads). The influence of traffic intensity on the frequency of animal-vehicle
collisions is rather controversially discussed in scientific literature, and such data on
domestic dogs are very scarce. In southern Spain, dog-vehicle collisions were found to be
positively associated with road traffic intensity [16]. It is worth noting that the road network
and human population density in southern Spain are much higher than in Lithuania. Thus,
dog-vehicle collision patterns could differ significantly.

Positive relationships between traffic intensity and AVCs were mainly reported with
respect to wildlife. In the Czech Republic, however, traffic intensity was not the main
cause of collisions between wild ungulates and vehicles throughout the year or across
various road types, and the correlations were mainly negative [43]. However, in a broader
geographical context, conclusions regarding the influence of traffic intensity on AVC
occurrences may be the opposite [44]. Comparing the risks of DVCs and AVCs based on
traffic intensity can be misleading because domestic dogs and wild animals may exhibit
different behaviours near roads. For example, wild animals cross roads to reach suitable
habitats or other resources [45,46], whereas dogs are more likely to end up on roads
by accident.

We found that DVCs are more expected to happen in the vicinity of rural or urban areas.
This tendency is also supported by our finding that real DVCs were significantly closer to
buildings and farther from forested areas than randomly generated DVCs (Figure 4). It is
reasonable because domestic dogs primarily occur in human settlements; however, such a
DVC pattern may indicate insufficient care for domestic dogs by humans. According to our
unpublished observations, free-ranging dogs may be spotted around villages. Free-ranging
dogs were considered among the major causes of domestic animal collisions with vehicles
in Texas [47].

4.2. Temporal Patterns

The highest number of DVCs was recorded during the colder months, specifically from
October to March, with the peak occurring in November and December. A similar seasonal
pattern was observed in Southern Spain, which was attributed to the coinciding intensive
hunting season [16]. In our case, such an interpretation seems questionable because real
DVCs tend to occur closer to anthropogenic land cover types than to semi-natural and
natural ones, which are the main hunting areas in Lithuania.

The seasonal pattern of DVCs is challenging to explain in connection with the breeding
season. Domestic dogs do not exhibit seasonal breeding patterns, whether they are living
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freely or under human control [47]. We do not have data on whether the DVCs cases
involved controlled purebred dogs or free-ranging dogs. However, the data collection
method, which registered these incidents as insurance events, suggests that many cases
likely involved large, free-ranging dogs, particularly in rural areas. Males are constantly
capable of reproducing, whereas females come into oestrus every seven months [48,49].
In some regions, free-ranging females may synchronize their breeding with a favorable
period of the year [50].

When analyzing the circadian distribution of DVCs, we found that these events were
clearly related to sunset. This pattern may also partially explain the seasonal distribution of
DVCs: in the cold season, the dark period of the day is longer, so the probability of collision
with vehicles also grows. Free-ranging dog activity was found to be bimodal and related to
the dark hours [51]. Our unpublished observations using camera traps in a location near
the magistral road also confirm this pattern: free-ranging dogs were mainly captured by
camera traps during the dark hours.

The notably weaker relationship between DVCs and sunrise time may indicate lower
activity levels in both free-ranging and owner-controlled dogs during morning hours. On
the other hand, this could also be attributed to the shorter duration of darkness in the
morning, which results in less overall dog activity and less traffic during those hours. In
contrast, the dark period in the evening is generally longer and consequently has a higher
cumulative traffic amount, particularly during the colder months. It seems that the duration
of the dark period may play a direct or indirect role in the circadian distribution of DVCs.

In summary, our study is a first attempt to evaluate the situation with DVCs in
Lithuania. In some respects, results may differ from those in other countries, which
is reasonable given the completely different road network conditions, traffic intensities,
human population densities, and cultural practices regarding dog ownership. In this
regard, the data from the Lithuanian Road Police Database have certain limitations. This
includes possible underreporting of DVCs and a lack of time- and site-specific traffic volume
information. There is also a lack of information on well-controlled family dogs and free-
ranging dogs, including details of their age and gender. Further studies incorporating more
comprehensive reporting, detailed traffic volume data, and multi-scale spatial information
would enable more robust modelling and a better understanding of DVC patterns.

5. Conclusions
This study provides the first nationwide, multi-year assessment of dog-vehicle colli-

sions (DVCs) in Lithuania and offers several insights into their spatial and temporal dy-
namics. We show that DVCs are concentrated near built-up areas and open habitats such as
meadows and occur disproportionally during winter and evening hours (between 5:00 pm
and 10:00 pm). These patterns differ considerably from those typically observed in wildlife
vehicle collisions, indicating that DVCs are mainly influenced by human-related factors.

The key findings of this work demonstrate that DVC risk is closely related to how
dogs are managed within human-dominated landscapes. These findings suggest shifting
the focus in policy implications from traditional, wildlife-oriented mitigation measures to
actions that target human behaviour. Implications for policy would include strengthening
responsible dog ownership practices, reducing the free-ranging dogs, and implementing
targeted awareness campaigns during high-risk time periods.

Additionally, our results suggest the importance of distinguishing between owned
and stray dogs in future research and integrating behavioural data to refine prevention
strategies. This study identifies the human-related causes underlying DVCS and provides
a foundation for more effective, socially informed approaches to improve road safety and
animal welfare.
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