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ABSTRACT

Dogs and cats released on public roads can be owned, community-owned, or abandoned. The lack of efficient public
policies for canine and feline population management (CFPM) facilitates the presence of animals on the streets, which can
cause accidents and be run over. No studies identify the areas most at risk of being run over, nor are the costs involved in
removing and properly disposing of carcasses known. The rate of animal running over in the municipalities can serve as
an indicator for monitoring responsible animal guardianship actions and the CFPM program strategies. The objective of
this study was to analyze the running over of dogs and cats and the costs involved in the Municipality of Pinhais, Parana,
Brazil, compared to other dog and cat population management costs. The City Hall provided data from January 2016 to
December 2017 on collecting animal carcasses from public roads, including costs, the number of animals run over by
species, and addresses from the running over to map occurrences. During this period, 199 dogs and 32 cats killed by
being run over were collected. The service of collecting, transporting, and disposing of animal carcasses had an average
monthly cost of R$ 20,325.19 (US$ 3,792), and the amount spent per kilogram of the animal’s weight was R$ 14.83/kg
(US$ 2.76). Runovers occurred more frequently in regions with lower socioeconomic status (>90%) and non-fast roads
(62.3%), considered, therefore, regions with a greater propensity to aggravations.
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RESUMO

Caes e gatos soltos em vias publicas podem ter tutores, pertencer a comunidade ou estar abandonados. A auséncia de
politicas publicas eficazes para o manejo populacional de caes e gatos (MPCG) contribui para a presenca de animais nas vias,
aumentando o risco de acidentes e atropelamentos. Nao ha estudos disponiveis que identifiquem as areas de maior risco
para atropelamentos, nem se conhecem os custos envolvidos na remogao e no destino adequado dos cadaveres. O indice
de atropelamentos de animais nos municipios pode ser utilizado como um indicador para monitorar a implementagéo
de medidas de guarda responsavel e avaliar a efetividade das estratégias adotadas no programa de manejo populacional
de caes e gatos (MPCG). O objetivo deste estudo foi analisar os atropelamentos de cdes e gatos e os custos envolvidos
no Municipio de Pinhais, Parana, Brasil, em compara¢ao com outros custos de manejo populacional de caes e gatos. A
Prefeitura forneceu dados referentes ao periodo de janeiro de 2016 a dezembro de 2017 sobre o recolhimento de cadaveres
de animais das vias publicas, que incluiram: custos envolvidos; nimero de animais atropelados por espécie; e endereco
dos atropelamentos para mapear as ocorréncias. Durante este periodo foram recolhidos 199 cées e 32 gatos mortos por
atropelamento. O servico de coleta, transporte e destinacdo de cadaveres de animais teve um custo médio mensal de
R$ 20.325,19 (US$ 3,792) e o valor gasto por quilo de peso do animal foi de R$14,83/kg (US$ 2.76). Os atropelamentos
ocorreram com maior frequéncia em regides com menor nivel socioecondmico (>90%) e estradas nao rapidas (62,3%),
consideradas, portanto, regides com maior propensao a agravos.

Palavras-chave: Atropelamentos. Carcaga. Mapeamento. Caes errantes.
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Introduction

Traffic accidents involving running over animals can
harm animals and people (Cherry et al., 2019). The lack
of animal identification makes it difficult for guardians
to be held responsible for the accident’s cause and adopt
preventive measures (Jardim et al., 2017), in addition to
material damage being at the expense of the state and citizens
involved in the accident (Huijser et al., 2009). The presence
of animals on Brazilian highways is considered the eighth
major cause of traffic accidents. However, the record of the
occurrence of these cases is still scarce in Brazil, making it
difficult to assess the actual situation (Jardim et al., 2017).

Canine and feline population management programs
(CFPM) are fundamental in controlling and preventing
human-animal interaction problems. They require several
indicators for their evaluation and monitoring (Garcia etal.,
2012). The analysis of pets run over in urban areas can serve
as an indicator to monitor responsible animal guardianship
actions and as an auxiliary parameter in CFPM programs.
This aims to reduce the incidence of these accidents and
contribute to the institution’s awareness of responsible
guardianship and the harmonious coexistence between
humans and animals.

Therefore, this study aimed to evaluate the running
over of dogs and cats and to analyze the costs involved for
the municipality of Pinhais, Parana, Brazil, comparing the
costs of strategies for reproductive control in the population
management of dogs and cats.

Material and Methods

The study was conducted in the city of Pinhais, Parana,
Brazil, where the City Hall outsources the collection of
animal carcasses. We used the database provided by the
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Department of the Environment, which is responsible
for receiving applications for collecting animal carcasses.
The data collected covered the period from January 2016 to
December 2017, including the costs involved in collecting
the carcasses of dogs and cats run over on public roads;
the cost of the monthly outsourced service for collecting,
transporting, and incinerating the carcasses; the number of
animals run over during this period; the species of animal
run over; the address where the animal was run over, and
the costs involved in neutering dogs and cats.

The amount spent per kilogram of animal weight was
also assessed. Thus, the average cost range generated in
each run-over was measured, considering the dog size as
small (up to 10 kg), medium (10,001 to 20 kg), and large
(over 20,001 kg), and the average weight for cats (4 kg).

The collected data were used to create a city map to
identify regions with a higher incidence of accidents. This
was done using a Geographic Information System (GIS),
ArcGIS Online, which allows the creation of maps for data
analysis. The data were computed and analyzed statistically
using the Chi-square test of adherence.

The map was divided into five housing sectors (Table 1)
based on the Pinhais/PR Housing and Land Regularization
Plan (Pinhais, 2010), which divides the municipality into five
regions based on the different socioeconomic structures of
the population (Figure 1) and compared to the municipality’s
average monthly income map (Figure 2).

Results

The Department of the Environment registered
1,699 requests for the collection of animal carcasses during
the years 2016 and 2017. Of these, 86.40% (1468/1699) are
canine carcasses, 12.83% (218/1699) are feline carcasses,
and 0.77% (13/1699) are of other species.

Runovers totaled 13.71% (233/1699) of carcass collection.
From these, 85.4% (199/233) of canines were involved,
13.73% (32/233) of cats, and 0.85% (2/233) of other species.
The other requests refer to deaths due to illness, natural
causes, unknown causes, or other reasons (Figure 3).

Among the run-over animals, the frequency of collected
dogs was much higher than that of cats. The statistical

Table 1 — Division of Housing Sectors
Sector

Neighborhoods

1 Atuba, Emiliano Perneta e Estancia Pinhais
2 Jardim Claudia, Alto Taruma, Pineville e Centro

3 Weissépolis, Vargem Grande e Maria Antonieta
4 Jardim Amélia e Jardim Karla
5 Alphaville Graciosa, Parque das Nascentes e Parque das Aguas

Source: Pinhais (2010).
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Figure 1 — Delimitation of Pinhais Housing Sectors.
Source: Pinhais’ Housing and Land Regularization Plan (Pinhais,
2010).
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Figure 2 — Pinhais’ average monthly income map.
Source: Pinhais (2010).

analysis of the collected species shows a significant difference
between the species (p <0.0001), with a frequency of 86.1%
(199/231) for dogs and 13.9% for cats (32/231).

Figure 4 shows the monthly distribution of run-over
accidents in 2016 and 2017. Compared to 2016, the highest
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Figure 3 — The number of carcasses collected in 2016 and 2017
in the municipality of Pinhais/PR.
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Figure 4 — Monthly distribution of animal runovers between
2016 and 2017 in Pinhais/PR.

number of dogs and cats were run over in 2017 in all months
except December.

Furthermore, compared to 2016, 2017 showed a
considerable increase in the number of animals run over,
with a significant difference (p <0.0001). In the first year,
79 animals (34.2%) were collected. In the second year,
152 (65.8%) of 231 dogs and cats were killed by being run
over. The highest frequency found was in March 2017.
However, there was no significant difference between the
months, and no seasonality was observed.

Collecting, transporting, and final disposal of animal
carcasses services are some items included in the Pinhais
City Council’s waste collection contract. The monthly average
for these services in 2017 was R$ 20,325.19/month (US$
3,792/month), while the amount spent per kilo of animal
weight was R$14.83/kg (US$ 2.76/Kg).

Table 2 shows the average costs related to the collection
of dog runovers based on the size of the animals. Large
animals generate collection costs at least twice as high as
small animals. Running over small dogs can cost up to R$
148.30 (US$ 27.66) per animal; the medium size costs between
R$ 148.30 (US$ 27.66) and R$ 296.60 (US$ 55.33), and the
large size generates a cost of over R$ 296.60 (US$ 55.33)
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per animal collected. The average cost of collecting cat
carcasses (4 kg) is approximately R$ 59.32 (US$ 11.06).

Table 3 shows the costs of sterilization services for
dogs and cats. The procedure for females (OSH) in both
species is more expensive than for males (orchiectomy).
The procedure cost in canines is based on the animal’s size,
while in cats, the cost is fixed, regardless of size.

Figure 5 maps the 231 runovers in the municipality
in 2016 and 2017. A greater occurrence of runovers was
found in sector 2, where 114 dogs and cats (49.4%) were
collected (p <0.0001). In sectors 1 and 3, 41 (17.7%) and

Figure 5 — Mapping of animal runovers in the municipality of
Pinhais/PR in 2016 and 2017.
Source: Authors (2018) — Available in: Esri (2023).

Table 2 — Costs of collecting dog carcasses based on size

Price range of Price range of
collecting (R$) collecting (US$)

Size

Small (up to 10 kg) Up to 148.3 Up to 27.66
Medium (10,001 kg to 20 kg) 148.30-296.60 27.66-55.33
Large (over 20,001 kg) Over 296.60 Over 55.33

Table 3 — Costs with sterilization of dogs and cats

56 (24.2%) animals were collected, respectively, but there
was no statistical difference between these two sectors.
The sectors with the lowest frequency of cases were sectors
4 and 5, in which sector 4 had a frequency of 18 animals
(7.8%) collected and sector 5 with only two animals (0.9%)
over the two years.

There was no statistical correlation between runovers
and highways on city roads. A higher frequency was found
on normal roads, occurring in 62.3% (144) of the cases.
According to the study, highways are no longer prone to
animal runovers. They occur significantly less frequently
(p = 0.0002) in only 37.7% (87) cases.

Discussion

The competent bodies must carry out the transport and
destination of the carcasses collected from the municipal,
state, or federal roads to remove from the environment and
material capable of retaining and transporting contagious or
infectious organisms. Dead animals in the environment can
contaminate the soil and groundwater, which is essential for
public health and may present a risk to humans (Figueiredo
Filho & Manfredini, 2011). Thus, it is necessary to collect
the animals quickly and safely, minimizing the risk of
contamination of the environment since the carcasses are
excellent culture media.

The municipality’s incineration is a safe and effective
method of disposing of the collected animals (Cardoso,
2002). Therefore, removing the carcasses from the place of
the occurrence is essential, and the higher the incidence of
cases, the greater the municipality’s expense in collecting
them. Thus, two pillars of canine and feline population
management (CFPM), sterilization and guardianship, are
essential to prevent and reduce these accidents due to the
decrease in stray animals, contributing positively to animal
and human health and administration from public bodies.

In the United States, there are about two million accidents
per year involving large mammals (Huijser et al., 2009).
In addition, one million vertebrates are killed by being run
over on the country’s roads (Forman & Alexander, 1998).

Procedure Value Value
Orchiectomy in small canines R$ 179.99 US$ 33.58
Orchiectomy in medium-sized canines R$ 193.33 USS 36.06
Orchiectomy in large canines R$ 229.70 USS$ 42.85
Orchiectomy in cats R$ 130.00 USS 24.25
Ovariosalpingohisterectomy (OSH) in small canines RS 209.97 US$ 39.17
Ovariosalpingohisterectomy (OSH) in medium-sized canines RS 288.33 US$ 53.79
Ovariosalpingohisterectomy (OSH) in large canines R$ 376.66 US$ 70.27
Ovariosalpingohisterectomy (OSH) in felines R$ 211.66 US$ 39.49
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In Spain, in 2011, the presence of animals on highways was
responsible for more than 17 thousand traffic accidents, where
10 people died, and 84 suffered severe injuries as a result
(Lopez, 2012). In Brazil, according to the Federal Highway
Police, the running over of animals is the eighth biggest cause
of traffic accidents. About 30% of the people involved suffer
minor or severe injuries, and 3% can die (Jardim et al., 2017).

Huijser and collaborators (2009) report that approximately
two billion dollars are spent annually on traffic accidents
involving animals in the United States and are related to
vehicle repairs, medical assistance for the people involved,
and removal of the animal’s carcass from the accident site.
On the other hand, Groot & Hazebroek (1996) cited that
large animals hit by cars cost an average of one billion dollars
in vehicle repairs in Europe. In Spain, between 2006 and
2012, an estimated annual cost of 105 million is related to
animal-vehicle collisions (Sdenz-de-Santa-Maria & Telleria,
2015). In addition, the average cost of an animal-vehicle
collision in the Sdo Paulo state, in Brazil, was R$21,656 (US
$9,629) between 2003 and 2013 (Abra et al., 2019).

In 2017, the municipality of Pinhais/PR spent
R$243,902.28 (US$45,504.15) annually collecting animals.
However, this amount does not include dog and cat runover
since the municipality did not record this expense individually.

The cost per kilo of carcass collected in the present study
was R$14.83 (US$2.76), three times higher than Curitiba/
PR, which charges R$4.80 (US$0.89) (Oliveira etal., 2015)
and eight times greater when compared to the municipality
of Santo Angelo/RS, which has an expense of R$ 1.83 (US$
0.34) per kilo (Santo Angelo, 2014). The Federal Highway
Police initially spends R$397.78 (US$1,260.96) on activating a
vehicle to collect animals (per animal) plus R$1.05 (US$3.33)
per kilometer traveled when the displacement is greater
than 60 km to collect animal carcasses on the country’s
highways (Brasil, 2015).

When analyzing the costs of the city hall with the collection
and sterilization of dogs and cats, it was possible to observe
that, although in some cases, the cost of spaying small animals
may be higher than the collection of carcasses, the great
importance of population management is not only based on
public spending but also on the control of zoonoses transmission,
animal welfare, aggressions (Lima & Luna, 2012) and injuries
to humans (Huijser et al., 2009; Jardim et al., 2017). Only in
medium and large animals can the cost of collecting carcasses
be greater than the cost of sterilization, corroborating the
importance of the procedure, which contributes to population
control and reduction of stray animals.

The number of carcasses collected from dogs was
significantly higher than those from cats, with 86.1% of
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canines and 13.9% of felines. Similar values were found
in the study by Oliveira et al. (2015), in which the annual
frequency of dog carcasses predominates and represents
about 90% of the total animals collected. On Brazilian
highways, small canids are also the main representatives
among the species of animals run over (Vieira, 1996). In the
case of Pinhais, the human/dog ratio was 2.57, while the
human/cat ratio was 16.7 (Baquero et al., 2018), showing
a canine population almost seven times larger than the
feline, which would justify the higher number of carcasses.

Comparing 2016 and 2017, there was a significant
increase in animal runover in 2017, and the opposite
was expected since population management actions were
implemented in the city. However, service record errors
may have occurred, as in the first trimester of 2016, there
was no record of runovers, in addition to a high number
of animals collected without informed origin. Thus, it is
estimated that this number may be higher.

The data found is associated with the income level of each
sector when compared with the map of the municipality’s
average monthly income (Pinhais, 2010). The sectors
with the highest economic conditions in the municipality,
sector 4 with average incomes of up to R$ 4,000.00 (US$
746.26), and sector 5 with average incomes of up to R$
10,000.00 (US$1,865.67), showed low frequencies of run-
overs with significant differences. As a result, an analysis
shows that regions with higher socioeconomic levels are less
susceptible to runovers. This can occur from different points
of view, such as greater responsible pet animal guardianship,
since middle and upper classes may tend to confine their
animals inside their homes, as well as children, who are
not only more confined to higher income regions are also
more likely to be run over when they come from poorer
regions (Daros, 1998) and greater access to information,
also related to higher income (Salvato et al., 2010). This
finding reinforces the need to set up projects that provide
information on the importance of responsible guardianship,
especially in the municipality’s most vulnerable areas.
The aim is to reduce the number of stray animals and,
consequently, the number of run-overs.

Forman et al. (2003) explains that, concerning animal
runovers on the roads, the most associated risk factors are
vehicle speed and traffic volume. However, the result found
in this study indicates that animal runover does not occur
more frequently on highways within the municipality. Such
data may be related to a municipality’s greater existence
of “not fast” roads than fast roads. When analyzing only
the frequency of being run over, it was found that the
non-fast road is more prone to accidents due to its greater
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quantity. The Deputado Joao Leopoldo Jacomel Highway,
the main road in the city, was the one that obtained the
largest number of animals run over. However, there were
many more occurrences in other places.

The choice of indicators involving public service, which
includes the carcasses of dogs and cats collected in urban
areas, allows for the management of MPCG programs
(Garcia et al., 2012). In this way, the implementation of
socio-educational measures that include the concepts of
responsible guardianship, population control with sterilization
measures, and the counting and identification of animals is
necessary to allow an evaluation of the effectiveness of the
actions already implemented (International Companion
Animal Management Coalition, 2007).

Conclusion
The number of animals run over in Pinhais, Parana, Brazil,
was higher in regions with lower socioeconomic status and
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