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ABSTRACT  

One of the major causes of death of wild animals worldwide is vehicle collisions. In Portugal the number of 

animals killed by vehicle collisions has grown in the past years. In order to characterize pathologic lesions 

sustained by wild animals injured in wildlife vehicle collisions, the necropsy reports of 170 animals (mammals 

and birds) performed between January 2010 and June 2019 were evaluated. The majority of the animals were 

wild mammals (73.5%), being Red Fox (Vulpes vulpes) (26.5%) the most common species. There were more 

collisions adult animals (88.2%) than young animals. There was no difference between sexes. The most 

commonly affected body area was abdomen and pelvis injuries in mammals (80.8%) and coelomic cavity in 

birds (80.0%). Musculoskeletal lesions were the most commonly identified on both Classes. The evaluation of 

post-mortem lesions in animals who suffered from traffic collisions may provide important information to 

enhance knowledge in this area of study. Integration of this data with animal behaviour may, in the future, allow 

the establishment of measures to prevent wild animal’s traffic collisions.  
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Introduction  
 

The increase in human population and urban areas that has taken place in recent decades has 

had an impact at various levels, for instance economic, politic, geographic and ecologic. The 

last one can be compromised, either directly, by increased pollution, habitat destruction or 

climate change, or indirectly through genetic and population losses resulting from the 

construction of roads and other transport routes (Jackson & Fahrig, 2011). 

The emergence and globalization of highways invariably implies the invasion of wild 

habitats, forcing wild animals to relocate or adapt their behaviors to the new conditions. This 

often leads to road traffic accidents (Knutson, 1987). Death due to the vehicle collisions is 

one of the major cause of death in wild animals as described in several works around the 

world (Edwards et al., 2000; Molina-López et al., 2011; Rodríguez et al., 2010; Taylor et al., 

2002; Visintin et al., 2017).  

Roads are one of the main anthropogenic factors responsible by habitat fragmentation and 

destruction (Fahrig, 2003; Hostetler et al., 2009; Lindenmayer et al., 2000; Riley et al., 2003). 

They can lead to alteration of social behaviors, reduce reproductive rates and/or genetic 

diversity, increase mortality and in later stages lead to extinction of population (Fahrig, 2003; 

Hostetler et al., 2009; Lindenmayer et al., 2000; Riley et al., 2003). Other negative indirect 

effects of traffic are noise and artificial light, which are majors contributors for the reduced 

density of birds near roads (Silva et al., 2012). 
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The impact of vehicles and roads on wildlife has been a matter of concern for several 

governmental and environmental entities, which has already led to measures such as the 

construction of animal passages or the maintenance of non-specific passages, such as water or 

agricultural channels, allowing a safe passage for these animals (Marcantonio et al., 2013). 

Several organizations have been monitoring the impact of roads on wildlife, such as Canada 

(Bishop & Brogan, 2013), Australia (Brendan et al., 2010)United States (Editorial et al., 

2011; Loss et al., 2014), Brazil (Ascensão & Mira, 2006; Bager & Da Rosa, 2011; Corrêa et 

al., 2017), Poland (Elzanowski & Ciesio, 2009; Morelli et al., 2014) or Spain (Canal et al., 

2018; Hernandez, 1988; Sillero, 2008). 

In Portugal, according to data provided by Infrastructures of Portugal (IP), the number of 

wildlife vehicle collisions on Portuguese roads increased gradually between 2011 and 2015 

(Garcia, 2012, 2013, 2014, 2015, 2016). The increase in the number of road casualties 

coincides with the increase in the general awareness of this phenomenon. This leaded to a rise 

in the reporting of such incidents. As a result in 2015 an IP partnership with the LIFE LINES 

(project of the University of Évora), in a daily and methodical performed a search for struck 

by vehicles cases in diverse municipalities (Universidade de Évora, 2018a). 

An analysis of the data provided by the LIFE LINES project reveals that amphibians and wild 

birds represent an important slice of the identified species of animals involved in vehicle 

collision incidents in Portugal (Universidade de Évora, 2018b). The Order Anura (Classe 

Ammphibia) has the highest number of occurrences, followed by the Order Passerines (Class 

Aves). The high number of amphibian deaths reported may raise questions about the future of 

amphibian populations, which have been declining in recent years, with many species being 

classified with conservation status of vulnerable or critically in danger (Hels & Buchwald, 

2001) 

The purpose of this work was to identify and systematize the injuries resulting from vehicle 

collisions involving wild animals in the North region of Portugal. 

  

Methods  

  

The necropsy files of the Laboratory of Histology and Pathological Anatomy of the 

University of Trás-os-Montes and Alto Douro (Vila Real, Portugal) between January 2010 

and July 2019 were consulted between January 2010 and July 2019. Only animals with both a 

history and macroscopic lesions compatible with vehicle collision were included. All the 

necropsies were performed by veterinary pathologists (I.P. and J.P.). The cadavers of the 

animals were delivered by the road concessionaires or the police authorities (when human or 

material damage are involved)  

From all cases, data were collected regarding the date of necropsy, species, Order, Class, sex 

and age. Animal were categorized as juvenile and adult based on their external 

characteristics. (Bencatel et al., 2017; Cabral et al., 2005; Matias et al., 2007; Meirinho et al., 

2014). The necropsy of each animals was performed according to standard techniques 

described for each of the classes, following the standards of security and hygiene (Garcês & 

Pires, 2017). 

The systematization of the observed lesions was performed by anatomical region and type of 

lesion. Lesions were evaluated considering all their features in order to separate that 

antemortem or postmortem injuries. Only injuries that were associated with evident ante-

mortem trauma were considered in this study. Thus, categorization was made into four 

anatomical regions: head and neck, chest, abdomen and pelvis, and limbs with the exception 

of birds, were three anatomical regions were considered: head and neck, celomic cavity and 
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limbs. Injuries were further classified according to the type of lesion as musculoskeletal, 

organ, or cranioencephalic. Musculoskeletal injuries encompassed all alterations with fracture 

or dislocation of long bones, ribs, pelvis, and spine. Organs lesions included all those 

involving only internal organs (Ressel et al., 2016; Rogers & Stern, 2018). The presence of 

blood in body cavities was distinguished between thoracic (hemothorax), abdominal 

(hemoperitoneum) or coelomic cavity in birds. Cranioencephalic injuries included head 

injuries with hemorrhages and skull fractures (Akinrinmade, 2002; Kolata, 1980). 

All data were entered into a database using Excel and the statistical analysis was performed 

using IBM SPSS Statistics (version 24, advanced Models TM 21.0, SPSS Inc. 233 South 

Wacker Drive, 11th Floor Chicago, IL 60606-6412). In order to study the differences 

between the observed and expected frequencies of categories of a field, one-sample 

nonparametric tests were used (Binomial test or Chi-Square test, depending of the number of 

categories of the categorical field). 

 

Results  

  

Characterization of the sample 

Of the 170 animals included in the study, 45 belonged to the class Aves (26.5%) and 125 to 

the Mammalia class (73.5%). Table 1 describes the species examined in this study.  

Our study included 81 females and 89 males, with the majority being adult animals (n=150). 

The differences observed in animal sex was not significant (p=0.706), but for animal age, 

they were statistically relevant (p<0,001).  

 

Table 1: Species, sex and age range of 170 animals included in this study. 

Class Specie N 
Sex Age 

Male Female Adult Juvenile 

Aves Northern Goshawk 

(Accipiter gentilis) 1 0 1 1 0 

Short-Eared Owl (Asio 

flammeus) 1 0 1 1 0 

Little Owl (Athene noctua) 5 2 3 4 1 

Eurasian Eagle-owl (Bubo 

bubo) 1 1 0 1 0 

Common Buzzard (Buteo 

buteo) 9 6 3 8 1 

Western Marsh Harrier 

(Circus aeruginosus) 1 0 1 1 0 

Great Spotted Woodpecker 

(Dendrocopos major) 1 0 1 1 0 

Common Kestrel (Falco 

tinnunculus) 1 0 1 1 0 

Common Snipe (Gallinago 

gallinago) 1 0 1 1 0 

Eurasian Jay (Garrulus 

glandarius) 2 2 0 2 0 

European Honey Buzzard 

(Pernis apivorus) 1 1 0 1 0 
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Tawny Owl (Strix aluco) 11 5 6 11 0 

Common Blackbird (Turdus 

merula) 5 3 2 4 1 

Common Barn Owl (Tyto 

alba) 4 2 2 4 0 

European 

Nightjar (Caprimulgus 

europaeus) 1 1 0 1 0 

TOTAL 45 23 22 42 3 

Mammalia European Roe Deer 

(Capreolus capreolus) 16 7 9 11 5 

European Hedgehog 

(Erinaceus europeus) 2 0 2 2 0 

Common Genet (Genetta 

genetta) 14 12 2 11 2 

Egyptian Mongoose 

(Herpestes ichneumon) 1 1 0 1 0 

Eurasian Otter (Lutra lutra) 6 3 3 5 1 

Beech Marten (Martes 

foina) 7 6 1 7 0 

European Pine Marten 

(Martes martes) 8 4 4 8 0 

European Badger (Meles 

meles) 10 5 5 9 1 

European Polecat (Mustela 

putorius) 1 1 0 1 0 

Eurasian Red Squirrel 

(Sciurus vulgaris) 4 2 2 4 0 

Wild Boar (Sus scrofa) 11 5 6 11 0 

Red Fox (Vulpes Vulpes) 45 20 25 37 8 

TOTAL 125 66 59 108 17 

 

In the ten years included in this study (between January 2010 and July 2019), the highest 

number of cases was in 2016 (n=40, 23.6%), as shown in Figure 1A. Regarding the months 

of study, most fatalities submitted were in March (n = 41, 24.1%), followed by October, 

according to the data presented in Figure 1B. 
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Figure 1- Distribution of vehicle collision cases by year of study (A) and months of the year 

(B) (n; %). 

 

Distribution of lesions by anatomical region 

The lesions in body cavities (thorax, abdomen and pelvis or coelomic cavity) are significantly 

higher than the lesions in the other anatomic regions considered (p<0,001). Of all animals, 85 

had thorax or 101 abdomen and pelvic injuries (mammals) and 36 had coelomic cavity 

injuries (birds), 70 had head and neck injuries (41.2%) and 52 had limb injuries (30.6%). 

Figure 2 records the prevalence of lesions in these regions on the necropsied animals.  
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Figure 2- Distribution of lesions by anatomical region in mammals and wild birds included 

in this study (illustrations ©Andreia Garcês). 

 

As seen in Table 2, most animals (n=126, 74.1%) had lesions in more than one anatomical 

area, while 44 animals (25.9%) had only one area affected (p<0,001). 

 

Table 2: Number of anatomical areas affected in necropsied animals (n%). 

 Number of anatomical areas affected 

  One Multiple 

Class Aves 20 (44.4) 25 (55.6) 

Class Mammalia  24 (19.2) 103 (80.8) 

Total 44 (25.9) 126 (74.1) 

 

Lesions description  

Most animals had musculoskeletal lesions (n=120, 70.6%), followed by organ lesions 

(n=112, 65.9%) and cranioencephalic lesions (n=59, 34.1%), (p<0.001). Table 3 describes the 

type of lesions by Class Aves and Mammalia.  

 

Table 3: Distribution of lesions by type (musculoskeletal, organ and cranioencephalic) (n%). 

 Type of lesion 

Musculoskeletal Organ Cranioencephalic 

Present Absent Present Absent Present Absent 

Class Aves 32 (71.1) 13(28.9) 17(37.8) 28(62.2) 17 (37.8) 28 (62.2) 

Class 

Mammalia 

88 (70.4) 37(29.6) 95(76.0) 30(24.0) 42(33.6) 83(66.4) 
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Total 120(70.6) 50(29.4) 112(65.9) 58(45.2) 59(34.1) 111(65.3) 

 

Skeletal injuries included muscular lesions and bones fractures, that on the majority of the 

cases was associated to muscle hemorrhages. Of the 117 animals with bone fractures, 59 had 

one single bone affected while 58 presented multiple fractured bones. Fractures occurred on 

the jaw (n=15), vertebrae with facture of spine with complete spinal cord lesion (n=30), 

pelvic bone (n=19), fore limb (n=22), hind limb (n=23), ribs (n=53), keel (n=4) and multiple 

fracture (n=6). Eighty-seven animals presented with cutaneous lesions associated with the 

fracture point (e.g., lacerations, avulsions), 25 in the eyes (e.g. eye prolapse, enucleation, 

ulceration, hemorrhage) and 15 in the ears (e.g. hemorrhage).  

Cranioencephalic lesions included cranial skull fractures and intracranial hemorrhage. 

Twenty-six animals had skull fractures and 29 presented intracranial hemorrhage without 

bone fracture.  

Internal organs affected by trauma were liver (n=54), lungs (n 29), spleen (n=28), kidney 

(n=10) and heart (n=4), in both wild birds and mammals, with rupture, concussion, contusion 

and hemorrhage. The presence of blood in body cavities, as a result of organ damage was also 

recorded.  

 

Class Mammalia 

Regarding mammals, 59 females and 66 males (p=0.592) were included, with 108 adults and 

17 juveniles (p<0.001). 

Considering the distribution of lesions by anatomical region, lesions in thorax and abdominal 

cavity were significantly higher (p<0.001); 85 of the necropsied mammals had thorax injuries 

(68%), 101 abdomen and pelvis injuries (80.8%), 50 had head and neck injuries (40%),  and 

31 had their limbs affected (24.8%).  

One hundred and one animals had lesions in multiple body regions (80.8%) and 24 animals 

had only one region affected (19.2%), (p<0.001).  

Regarding lesion type, the organs lesions were more frequent ((p<0.001) being observed in 

liver (n=43), lungs (n= 28), spleen (n=28), kidney (n=4) and heart (n=4). Considering 

musculoskeletal lesions, 85 animals showed bone fractures, being 46 in one single bone and 

39 in multiple bones. Tree animals present muscular lesions without bone fracture associated. 

Bone fractures occurred in the ribs (n=45), vertebrae (n=21) pelvis (n=16), limbs (14 in the 

fore limbs and 16 in the hind limbs), and jaw (n=15). Cutaneous lesions were observed in 63 

animals, ocular lesions in 19 animals and ear lesions in 11 mammals. Cranioencephalic 

lesions were the less frequent (n=42) and included cranial skull fractures and intracranial 

hemorrhage. Twenty animals had skull fractures and 22 presented intracranial hemorrhage 

without bone fracture.  

 

Concerning cavities lesions, 62 animals had hemothorax and 73 had hemoperitoneum. 

Lesions in mammals also included pneumothorax (n=3), diaphragmatic hernia (n=8) and 

inguinal hernia (n=2). Organ evisceration was observed in 8 animals, with blunt exposition of 

abdominal organs. Table 4 summarizes the lesions presented in mammals.  
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Table 4: Lesion presented in the cavities of wild mammals. 

Species 
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European Roe 

Deer 

(Capreolus 

capreolus) 

8 4 2 1 0 1 

European 

Hedgehog 

(Erinaceus 

europeus) 

1 1 0 0 0 0 

Common 

Genet 

(Genetta 

genetta) 

9 11 0 0 0 1 

Egyptian 

Mongoose 

(Herpestes 

ichneumon) 

1 0 0 0 0 0 

Eurasian Otter 

(Lutra lutra) 
1 3 0 2 0 0 

Beech Marten 

(Martes foina) 
3 3 0 0 0 0 

European Pine 

Marten 

(Martes 

martes) 

5 5 0 1 0 1 

European 

Badger (Meles 

meles) 

0 1 0 0 0 0 

European 

Polecat 

(Mustela 

putorius) 

6 6 0 0 0 0 

Eurasian Red 

Squirrel 

(Sciurus 

vulgaris) 

2 2 0 0 0 0 

Wild Boar 

(Sus scrofa) 
7 9 0 1 0 1 

Red Fox 

(Vulpes 
18 28 1 3 2 2 
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Vulpes) 

 

Class Aves 

The necropsied birds were similarly distributed between the two sexes (n=22 female and 23 

male) (p=1), most frequently adults (n=42; p<0.001).  

Regarding the distribution of lesions by anatomical region, there is a significant difference 

(p=0,044), being the coelomic cavity the most affected region (n=36; 80.0%). Twenty 

animals presented head and neck injuries (44.4%), and 21 injuries in the limbs (46.7%).  

Multiple injuries on different anatomical regions were significantly higher (p<0.001). 

Twenty-five birds had multiple body regions affected, corresponding to 55.6% of the 45 

autopsied birds, and 20 had involvement of only one body region (44.4%). 

Regarding lesion type, the musculoskeletal lesions were more frequent (p=0.033). 

Musculoskeletal injuries included bones fractures on 32 animals (13 in one single bone and 

19 in multiple bones). Fractures occurred on vertebrae with facture of spine with complete 

spinal cord lesion (n=9), synsacrum (n=3), fore limb (n=8), hind limb (n=7), ribs (n=8), keel 

(n=4), coracoid bone (n=2). Twenty-four animals presented with cutaneous lesions, 6 and 4 

in the ears. Internal organs affected were kidney (n=6), liver (n=10) and lungs (n =1). 

Cranioencephalic lesions (n=17) included cranial skull fractures and intracranial hemorrhage 

(n=6) and intracranial hemorrhage without bone fracture (n=11).  

Concerning cavities lesions, 28 birds had hemorrhage in coelomic cavity and two animals 

presented organs evisceration. 

 

Discussion 

  

Animal deaths as a result of vehicle collisions is increasing, probably due to the impact 

caused by the construction of new roads in wild habitats and the intensification of urban 

areas. However, the existing data may be underestimated because, depending on the size of 

the animal, the collision may not cause damage to the vehicle, or mortal casualties or animals 

may die elsewhere (Childs & Ross, 1986; Kinne, 2016; Rochlitz, 2004).  

Studies on the fatal injuries associated with wildlife vehicle collisions are also scarce in 

Portugal, with some studies performed in amphibian on limited geographic areas (Carvalho & 

Mira, 2011; Matos et al., 2012; Silva et al., 2012). Additionally, animals killed by vehicle 

collisions are often not necropsied, due to the evidence of the cause of death, lack of 

partnerships between authorities and specialized laboratories and the advanced state of decay 

in which the carcasses of these animals are often found.  

In this study, the number of wild mammals necropsied was higher than wild birds. However, 

the results of this study may not reflect the true relative incidence of mammal versus avian 

deaths. It is important to note that the low number of birds examined can be due to the fact 

that due to the small size of birds they may be overlooked as roadkill and bird lesions can be 

so severe that it is not possible to perform the necropsy. Another factor could be the fact that 

insurance companies or highway concessionaires’ resort to the postmortem examination of 

animals involved in accidents when material or human damage occurs. Birds generally do not 

cause damage to vehicles or passengers. 

For mammals, the species most identified in this study were Red Fox (Vulpes Vulpes) (n=45), 

Roe Deer (Capreolus capreolus) (n=16) and Common Genet (Genetta genetta) (n=14). In the 

group of birds, the most common species were Common Barn Owl (Strix aluco) (n=11) and 

Common Buzzard (Buteo buteo) (n=9). These results are similar to the species most often 

identified in other European countries in similar studies (Balčiauskas, 2009; Hell et al., 2005; 
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Morelle et al., 2013), but not with the data provided by the LIFE LINES project, although 

these species are present on their lists (Universidade de Évora, 2018b). The different results 

obtained could be due to the variation of the common and representative species in different 

geographical areas. Indeed, Vila Real is located in north Portugal, characterized by a 

mountainous terrain and colder climate while LIFE LINES project was performed in Évora 

that is located in the South of Portugal, characterized by a plain terrain and warm climate. 

(Bencatel et al., 2017; Cabral et al., 2005; Matias et al., 2007) 

Regarding sex, our study showed that there is a higher percentage of male victims. However, 

in our sample, the differences between animal sex are not statically significant. We believe 

this is due to the fact that males will be more at risk especially in mating season (Bruinderink 

& Hazebroek, 2003; Rodríguez-Morales et al., 2013; Thomas et al., 2014; Zuberogoitia et al., 

2014), since they have vast hunting grounds or undefined territory. Contrarily, in several 

studies there was a significant different between female and males, and young animals  are 

the ones that suffer more traffic accidents, which was not observed in our study 

(Akinrinmade, 2002; Canal et al., 2018; Colino-Rabanal et al., 2011; Intarapanich et al., 

2016; Rochlitz, 2004; Rodríguez-Morales et al., 2013). 

The years with the highest number of submissions were 2016 (n=40) and 2015 (n=33).  In 

fact, in those years there was a protocol with a concessionaire company for fast circulation 

roads in the northern region and animals were brought under that protocol. There are seasonal 

differences regarding wildlife vehicle collisions, which shows a clear superiority in March 

(n=41) compared to other months of the year. This can be explained with March being the 

beginning of spring, which is the mating season for many species.  

As example, the most common species described in our study Red Fox, Common Genet, 

Barn Owl, Common Buzzard their mating season last from February to April in Portugal. In 

the case of the roe deer the fawns are born in May, and the males are more active in October, 

which also can explain the second pick in the autumn (Bencatel et al., 2017; Cabral et al., 

2005; Loureiro et al., 2012; Mullineaux et al., 2003). During this season the most vulnerable 

individuals are males and animals undergoing migration (Clarke et al., 1998; Gonzalez-Prieto 

et al., 1993; Haigh et al., 2014; Kambourova-Ivanova et al., 2012; Philcox et al., 1999; 

Roedenbeck & Voser, 2008; Slater, 2002). There is also a small peak in October (n=26) can 

be associated to the migration of some species (particularly birds such as the common 

swifter) to warmer areas and the beginning of the hibernation season in other species (e.g. 

hedgehogs), that can be more active during this time of the year (Clarke et al., 1998; 

Gonzalez-Prieto et al., 1993; Haigh et al., 2014; Kambourova-Ivanova et al., 2012; Philcox et 

al., 1999; Roedenbeck & Voser, 2008; Slater, 2002). 

According to our study, the most affected anatomical regions are body cavities both in 

mammals (abdomen and pelvis and thorax) and birds (celomic cavity). The numerical 

superiority of lesions in the thorax and abdomen is largely supported by other studies 

(Akinrinmade, 2002; Fighera et al., 2008; Klainbart et al., 2018; Kolata, 1980), which may be 

related to the animal's escape reflex when in distress. The animal escape reflex is associated 

to the tendency of animals to try to escape when they sense the approaching of a moving 

vehicle (which would then hit them toward their rear) leading to a prevalence of skeletal and 

muscular injuries in anatomical location of the pelvis and sacrum (Intarapanich et al., 2016).  

Regarding the type of injury, this study revealed that most necropsied animals had 

musculoskeletal lesions (70.6%), followed by organ lesions (65.9%) and cranioencephalic 

lesions (34.7%). When we analyze these data by animal Class, the organs lesions were more 

frequent in mammals while, in birds, musculoskeletal lesions are the most frequent. Although 
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internal organ are more delicate structures than bone tissue constituents, is important consider 

that bones in birds are hollow and therefore more fragile to trauma (Brooks, 2018).  

Regarding the presence or absence of blood in body cavities, it has been found in several 

studies that hemoperitoneum is more common in wildlife vehicle collisions situations than 

hemothorax. The ribs are highly resilient and therefore difficult to break, particularly in 

young animals (Intarapanich et al., 2016). Thus, the organs of the abdominal cavity are more 

susceptible, as confirmed by the large number of cases with rupture of the liver and spleen, 

the main causes of hemoperitoneum. Organs such the liver cannot dissipate the energy it 

absorbs making it more likely to rupture. Also, could be due to the animal escape reflex 

mentioned before (Intarapanich et al. 2016). 

The main causes of hemoperitoneum were rupture of the spleen and liver, and in hemothorax 

were laceration of the lung and heart and rupture of the great vessels. In some cases, the 

presence of blood in the body cavities could not be directly associated to organs or vessel 

rupture or, perhaps due to unidentifiable vessel rupture or due to postmortem autolysis of the 

carcass. 

Necropsy of wildlife vehicle collisions, although not generally critical for the diagnosis of the 

cause of death, may provide important data to increase knowledge in this area of pathology. 

This data may prove important in the evaluation and systematization of fatal injuries caused 

by collision with a motor vehicle. However, the real number of necropsied animals from 

traffic accidents could be underestimated because the authors only added to this study the 

animals in which there as complete history associated to vehicle collision and information 

regarding to the lesions observed. The “flatten” animals or in an advanced state of 

putrefaction were eliminated without necropsy. Further studies are needed including where is 

included information regarding the geographic location in which the animals were found, 

months of the year, species, type of fractures, complementary exams such as radiography as 

well as other data. In the future is necessary to improve the gathering of information 

regarding the animal or carcasses when they were found, associated with a more practical and 

simpler digital registry of the data as a LIMS system. The inclusion of animals arising from 

collision involving road vehicle transporting wildlife is also of interest in future studies. 

 

Conclusion 

 

The evaluation of vehicle collision animals and their injuries may contribute to the 

understanding of the associated causes and to the proposal of measures to reduce not only the 

number of animals involved but also the number of human injuries that occur with collision 

of vehicles and animals.  

This study provides important information regarding which animal species are the most 

affected in North of Portugal by vehicle collision. The data available in this area is still very 

scarce. Although, most of the species recorded as casualties is this study are considered 

common within the adjacent natural areas it is important determining the impacts of road and 

railways, since this type of structure is expanding rapidly across the world and how they are 

affecting the wild fauna.  

It seems impossible to avoid all collisions but is possible to mitigate them. Studies of this 

kind can be used to identify measures which may reduce the number of accidents: 1) advise 

greater caution of drivers when in forested areas during mating season and migration; 2) 

clearing the vegetation adjacent to roads to allow the driver to see the animal before it enters 

the roadway; 3) construction of animal passages or the maintenance of non-specific passages 

for wildlife; 4) reducing vehicle speed in high-risk areas allowing the driver more time to 
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react after spotting the animal; 5) noise barriers and low-noise road surfaces to reduce traffic 

sound that can act as a physical barrier.  

Also, the authors hope these first results will be useful in convincing stakeholders (police, 

local authorities, insurance companies, forest administration, naturalists, drivers) to 

collaborate so that better data collection could be achieved in the future.  
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