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Vertebrate roadkills were observed during the rainy season
(June-October) during five passages along the 572 km road
between Caracas and Mantecal/Apure in Venezuela, a total dis-
tance of 2860 km. Five dominant landscape types were identi-
fied along this road: 1) the Coastal Cordillera area, which in-
cludes crop fields, woods, dry savannah, and settlements; 2)
non-flooded llanos with clumps of trees and palms and small
bodies of water; 3) artificially watered rice plantations; 4) gal-
lery forest along the river Apure, with a few crop fields; and 5)
flooded llanos, largely drained, with many embankments and

storage reservoirs. The gallery forest yielded 30 carcasses, the
largest number. The greatest number of carcasses were noted
in October, at the end of the rainy season.

Since data on animals killed on roads by passing vehicles
began to be published long ago (STONER 1925, 1935, KNOBLOCH

1939, SPRAGUE 1939, DICKERSON 1939, and others), a voluminous
literature has accumulated on this issue, mostly concerning
Europe, North America, and Australia, summarized by BENNET

1991, FORMAN 1995, FORMAN & ALEXANDER 1998, TROMBULAK &
FRISSELL 2000. A few papers concern Asia (DHINDSA et al. 1988,
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ABSTRACT. This paper presents an analysis of vertebrate roadkills in five different habitats of tropical South
America. Observations of vertebrate roadkills were conducted in 1978, on a 572 km road between Caracas and
Mantecal/Apure in Venezuela, during the rainy season (June-October). During five passages on this route, which
includes five distinct habitats, 79 vertebrate carcasses – mammals and reptiles – were found. If we assume that
the carcasses remain for two days on the road, vehicles can be expected to strike 350 spectacled caimans Caiman
crocodilus Linnaeus, 1758 (Alligatoridae) during the rainy season alone. Similar calculations for other species
yield 313 snakes and lizards, 294 opossums Didelphis marsupialis Linnaeus, 1758 (Didelphidae), 220 crab-eating
foxes Cerdocyon thous (Linnaeus, 1776) (Canidae), 129 tamanduas Tamandua tetradactyla (Linnaeus, 1758)
(Myrmecophagidae), 55 capybaras Hydrochaerus hydrochaeris (Linnaeus, 1766) (Hydrochaeridae) and 37 eastern
cottontails Sylvilagus floridanus Allen, 1890 (Leporidae). Numerous papers have been published on vertebrates
killed by vehicles on roads in Europe, North America, and Australia, and several papers are available regarding
vertebrate roadkills in Africa and Asia. From South America there are several papers on vertebrates, birds, and
mammals, whereas from Venezuela only one and it deals with iguanas (Iguana iguana Linnaeus, 1758, Iguanidae).
KEY WORDS. Mammals, mortality, reptiles.

RESUMO. VVVVVertebrertebrertebrertebrertebrados mortos em estrados mortos em estrados mortos em estrados mortos em estrados mortos em estradas naadas naadas naadas naadas na VVVVVenezuela.enezuela.enezuela.enezuela.enezuela. Este trabalho apresenta uma análise de vertebrados
mortos em estrada em cinco habitats tropicais diferentes na América do Sul. As observações dos vertebrados
mortos em estrada foram feitas em 1978, a 572 km da rodovia entre Caracas e Mantecal/Apure na Venezuela,
durante a estação das chuvas (junho-outubro). Durante cinco passagens nesta rota, a qual inclui cinco habitats
diferentes, foram encontradas 79 carcaças de vertebrados – répteis e mamíferos. Assumindo que as carcaças
permaneçam por dois dias na estrada, é esperado que veículos matem 350 crocodilos Caiman crocodilus Linnaeus,
1758 (Alligatoridae), durante a estação das chuvas. Cálculos similares foram feitos para outras 313 espécies de
cobras e lagartos, 294 gambás Didelphis marsupialis Linnaeus, 1758 (Didelphidae), 220 raposas Cerdocyon thous
(Linnaeus, 1776) (Canidae), 129 tamanduás Tamanduá tetradactyla (Linnaeus, 1766) (Myrmecophagidae), 55 capivaras
Hydrochaerus hydrochaeris (Linnaeus, 1766) (Hydrochaeridae) e 37 lebres Sylvilagus floridanus Allen, 1890 (Leporidae).
Numerosos trabalhos têm sido publicados sobre vertebrados mortos por veículos em estradas da Europa, Amé-
rica do Norte e Austrália e vários trabalhos têm sido referências úteis sobre vertebrados mortos em estradas na
África e Ásia. Da América do Sul existem vários trabalhos com vertebrados, pássaros e mamíferos, sendo que da
Venezuela existe apenas um que tenha tratado de iguanas (Iguana iguana Linnaeus, 1758, Iguanidae).
PALAVRAS CHAVE. Mamíferos, mortalidade, répteis.
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IRISOV 1990, TAKEUCHI & KOGAMEZAWA 1994, BEREZOVIKOV 1995) and
Africa (BROEKHUYSEN 1965, SIEGFRIED 1965, 1966, LEVIS 1989, DREWS

1995, JACKSON 2002). In regard to South America, however, we
are aware of only several papers on vertebrates from Brasil
(RIBEIRO & MONCHISKI 1998, CÂNDIDO-JR. et al. 2002, FISHER 2002)
and from Argentina (MONTANELLI in CÂNDIDO-JR. et al. 2002), on
birds (NOVELLI et al. 1988, BENCKE & BENCKE 1999) and mammals
(VIEIRA 1996, VALLADARES-PADUA et al. 1995) from Brazil, and on
pacarana Dinomys branickii Peters 1873, Dinomyidae from Bo-
livia (GOTTENKER et al. 2001). From Venezuela we know only
one paper on iguana (Iguana iguana Linnaeus, 1758, Iguanidae)
roadkills (RODDA 1990).

MATERIAL AND METHODS

Study area
Observations of vertebrate roadkills were conducted on

the 572 km Caracas-Mantecal (Venezuela) road during five
passages, in June, August, and October of 1978. Five sections
of this road were distinguished that differ in the dominant
landscape type: Section 1. Caracas-Ortiz, 133 km, through Cua,
San Sebastian, and San Juan de los Morros. This section passes
through the area of the Coastal Cordillera. The landscape is
dominated by crop fields, woods, dry savannah, and settle-
ments. Section 2. Ortiz-Calabozo, 88 km. The landscape of this
area consists of non-flooded llanos with clumps of trees and
palms, and small bodies of water. Section 3. Calabozo-
Camaguan, 92 km. This section of the route crosses artificially
watered rice plantations. Section 4. Camaguan-San Fernando
de Apure-Achaguas, 131 km. The landscape of this section
mainly consists of a gallery forest along the river Apure and its
old beds, with a few crop fields. Section 5. Achaguas-Mantecal,
128 km. This section crosses flooded llanos in the rainy sea-
son, largely drained, with many embankments. Storage reser-
voirs typically cover an area of 5000 ha (Fig. 1).

We do not know the precise intensity of vehicle traffic
on the road sections where the observations were made. In
this part of Venezuela almost all transportation is by automo-
bile, hence it may be assumed that traffic intensity is roughly
proportional to population density. In 1977, the population
density was 130.7 inhabitants/km2 in the administrative dis-
trict of Miranda (without Caracas), a part of section 1 (Caracas-
San Sebastian), 15.1 in the district of Guarino (San Sebastian-
San Fernando de Apure, that is, in the remaining part of sec-
tion 1, sections 2 and 3, and the beginning of section 4, and
merely 2.5 in the district of Apure (the remaining part of sec-
tion 4 and section 5, San Fernando de Apure-Mantecal)
(MARRERO 1978). These figures pertain to the total areas of these
districts. Population density was likely to be higher in close
vicinity to the road, especially in Apure, where this was the
only road with a hard surface between San Fernando and
Mantecal. It can thus be assumed that the intensity of traffic
declined as the distance from Caracas increased, and that traf-
fic was ten times greater in section 1 than in section 5.

Methods
Observations were conducted during passages on 26 June,

19 and 24 August, and 1 and 6 October of 1978. Passages on 26
June, 19 August, and 1 October were from Caracas to Mantecal,
and passages on 24 August and 6 October were in the opposite
direction. One passage with stops on the way took about 11
hours; trips were made during the day, between 7:00 and 18:00.
A Toyota pick-up truck was used at a speed of 70-80 km/h in
flat areas (Ortiz-Mantecal) and 60-70 km/h in the Coastal Cor-
dillera. Observations were made during the rainy season, with
several showers on 1 October. The same person made observa-
tions during all passages. The observer took notes of all verte-
brates more than 30 cm long killed on the road. Smaller indi-
viduals were not recorded as it was easy to overlook them, thus
numerical data would not be reliable. Consequently, the present
analysis does not involve small species of mammals, birds, rep-
tiles, and amphibians. The place where each carcass was seen
also was noted. We did not stop at the carcasses. All caimans
and mammals were identified to species, but with a few excep-
tions. Snakes and lizards were not identified to species. Five
days elapsed between each passage from Caracas to Mantecal
and the return trip. Scavengers have been observed to remove
killed animals within a few hours; thus, the same carcasses
could not have been counted a second time during return pas-
sages. RODDA (1990), who studied iguanas in the same region,
stated that “repeated observations of not manipulated roadkills
indicated that scavengers removed most carcasses within a few
hours, with larger carcasses (adult iguanas) remaining longer
than hatchlings”. It is thus virtually impossible that a carcass
would remain on the road for five days, and even more impos-
sible for a carcass to remain during the weeks between succes-
sive passages. The road was permanently patrolled by numer-
ous black vultures (Coragyps atratus Bechstein, 1793, Cathar-

Figure 1. Map of the Caracas-Mantecal route.
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tidae), by a little less numerous turkey vultures (Cathartes aura
Linnaeus, 1758, Cathartidae), and rarely by the yellow-headed
caracaras (Milvago chimachima Vieillot, 1816, Falconidae). Oc-
casionally, several ten vultures scavenged a larger carcass (SPRUNT

1937, WALLACE & TEMPLE 1987, COLEMAN & FRASER 1989). Tropical
rains quickly wash the remains of carcasses from the road.

RESULTS
Numerical observations of carcasses exceeding 30 cm long

during five passages on the Caracas-Mantecal route resulted in
a total of 79 vertebrate carcasses (mammals and reptiles) along
the 2860 km-way (that is, 5 × 572 km). The largest number, 30
carcasses, were found in the gallery forest (section 4), followed
by 19 carcasses in the non-flooded llanos (section 2), 17 car-
casses in rice plantations (section 3), nine carcasses in the
flooded llanos (section 5), and only four carcasses (opossums)
in the Coastal Cordillera (section 1) (Tab. I). The greatest num-

ber of carcasses were noted at the end of the rainy season in
October, especially on October 1, when tropical showers oc-
curred several times (Tab. II).

We noted 19 carcasses of spectacled caimans, Caiman
crocodilus Linnaeus, 1758 (Alligatoridae), most of them (10) in
the gallery forest section (Tab. I). The carcasses were dominated
by individuals up to 1 m long (Tab. III). The greatest number
of snake carcasses, seven out of 17, was noted also in the sec-
tion of roadway crossing gallery forests (Tab. I). Individuals
that differed in length were found with similar frequency (Tab.
III). Mammal carcasses were dominated by opossums, Didel-
phis marsupialis Linnaeus, 1758 (Didelphidae). Most of these,
10 out of 16, were recorded in the gallery forest (Tab. I). The
greatest number of killed crab-eating foxes, Cerdocyon thous
(Linnaeus, 1776) (Canidae), six out of 12, were noted in the
non-flooded llanos (Tab. I). Other species of mammals were
occasionally found (Tab. I).

Table I. Vertebrate roadkills in various habitats of Venezuela.

Animal Species
Habitat type

Total
Coastal cordillera Non-flooded llanos Rice fields Gallery forest Flooded llanos

Caiman crocodilus 0 4 4  10 1  19

Snakes 0 2 5 7 3  17

Lizards 0 1 1 0 1 3

Didelphis marsupialis 4 1 1  10 0  16

Cerdocyon thous 0 6 4 1 1  12

Tamandua tetradactyla 0 3 2 2 0 7

Sylvilagus floridanus 0 2 0 0 0 2

Hydrochaerus hydrochaeris 0 0 0 0 3 3

Total  4  19  17  30  9  79

Route Length (km)  133  88  92  131  128  572

Mean Distance Between Roadkills (km) (a)  166  23  27  22  71  36

(a) Chi-square = 246.65, p < 0.000, df = 4.

Table II. Roadkills observed during successive passages from Caracas to Mantecal and back (dates of Mantecal to Caracas return trips
indicated by asterisks) (*).

Animal species
Date of observation

Total
27.VI.1978 19.VIII.1978 24.VIII.1978* 01.X.1978 06.X.1978*

Caiman crocodilus 4 2 1 7 5  19

Snakes 1 1 1  11 3  17

Lizards 3 3

Didelphis marsupialis 3 1 7 5  16

Cerdocyon thous 1 2 5 4  12

Tamandua tetradactyla 5 2 7

Sylvilagus floridanus 1 1 1

Hydrochaerus hydrochaeris 3 3

Total (a) 5 8 8  38  20  79

Chi-square = 47.39, p < 0.000, df = 4



194 J. Pinowski

Revista Brasileira de Zoologia 22 (1): 191–196, março 2005

In addition to the counts of carcasses during the five
passages described above, some occasional counts were made
during other passages between Caracas and Mantecal. In par-
ticular, a large number of caiman carcasses was noticed on 3
June, 1978: 10 individuals between Mantecal and San Fernando,
5 between San Fernando de Apure and Calabozo, and two near
the reservoir between Calabozo and El Rastro, that is, about 20
km from Calabozo towards Ortiz. We also accidentally struck
animals: before sunrise in February 1978, our car killed two
capybaras, Hydrochaerus hydrochaeris  (Linnaeus, 1766)
(Hydrochaeridae) near Mantecal. On another occasion, a bat
with a wingspan of about 40 cm struck our car.

No bird carcasses were found during regular counts, but
on other occasions several black vultures had been killed near
the carcasses of animals they scavenged. We also saw vultures
scavenging on animals killed on the road. On 19 August 1978,
we observed several black and turkey vultures scavenging a
horse carcass, and also one king vulture, Sarcoramphus papa
Linnaeus, 1758 (Cathartidae) – the only observation of this
vulture during the study.

DISCUSSION

The study was conducted during the rainy season, a time
when the movements of animals tend to be related to repro-
duction. During this period, activity increases as animals search
for suitable nesting sites and for food, not only for themselves
but also for their progeny.

In the llanos section, the annual mean temperature is
26.6ºC. There is less seasonal (3.0ºC) than daily (9.0ºC) varia-
tion (CORDERO & OJASTI 1981). In the rainy season, especially af-
ter a tropical shower, the temperature drops, and this may mo-
tivate snakes to lie on warm asphalt. This behaviour is known
in many regions of the world (BERNARDINO & DALRYMPLE 1992).
The highway mortality of snakes in the Sonora Desert of South
Arizona, USA, is high during the monsoon-like rainy season,
from July to early September. During our study, the largest num-
ber of snakes were killed by cars on 1 October, when we passed
through several tropical showers (Tab. II). In the Everglades
National Park in Florida, USA, the greatest movement of snakes
was related to the lower water level at the beginning of the dry
season (December-March). This coincided with the highest in-
tensity of motor traffic, and consequently with the highest snake
death on the roads. Thus, the rate of snake roadkills was not
related to the breeding period (BERNARDINO & DALRYMPLE 1992).

Caimans were intensively exploited for skin and meat until
1972. Since 1973, caimans have been protected by law in Ven-
ezuela (PINOWSKI & MORALES 1979). Drainage of llanos and con-
struction of reservoirs (modulos) between Achaguas and
Mantecal to store water in the rainy season enhanced a rapid
recovery of the caiman population (RIVERO BLANCO 1974). Female
caimans reproduce for the first time at about four years of age,
when they are about 125 cm long. They build nests in August,
and they move mainly at night in search of water (STATON &

DIXON 1977). Most of the caimans killed on the road were young
individuals that did not yet reproduce (Tab. III). Caimans in-
habiting water bodies do not respond to motor vehicles, even
less than 10 m from the water. Most caimans killed on the road
were in the section of roadway crossing gallery forests along the
river Apure and its old beds (Tab. I). According to KUSHLAN (1988),
among the causes of unnatural mortality for American croco-
diles, Crocodylus acutus Cuvier, 1807 (Crocodylidae), the most
common cause of death was being struck by automobiles.

Table III. Length of road-killed reptiles (m).

Animal Species
Length (m)

 <0.5 0.5–1.0 1.0–1.5 1.5–2.0  >2.0 Unknown

Caiman crocodilus 4 8 2 5

Snakes 4 3 4 3 3

Lizards 2 1

Opossums occur in very different habitats, both natural
and anthropogenic, and even in the centres of big cities (CORDE-
RO 2000). Their number increases in the rainy season (CORDERO

2000), that is, during the period of our study. In addition to
their normal activity, they may be attracted to roads by the car-
casses of killed animals (BERNARDINO & DALRYMPLE 1992, CORDERO

2000). Among mammals, opossums were the most frequent
roadkills (Tab. I). Also, CORDERO (2000) found that in the Caracas
Metropolitan Area (1200 km2 of urban and suburban habitats
of the Coastal Cordillera), the opossum is the main species of
wild mammal killed on the road. On our observation route, most
roadkilled opossums were in the section along gallery forests;
also, they were the only roadkills in the Coastal Cordillera zone
(Tab. I). Opossums were the most frequent vertebrates killed on
the roads in Argentina (MONTANELLI CÂNDIDO-JR. et al. 2002) and
Brazil (RIBEIRO & MONCHISKI 1998, CÂNDIDO-JR. et al. 2002).

The crab-eating fox is a small canine that inhabits open
and forested habitats throughout Venezuela (HANDLEY 1976).
The crab-eating fox is primarily nocturnal but sometimes can
be sighted early in the morning or afternoon (CORDERO & NASSAR

1999). The main source of killed crab-eating foxes were those
struck on the road (BISPAL & OJASTI 1980, CORDERO & NASSAR 1999),
thus it must be a frequent event. We recorded 12 carcasses of
these animals, including 6 along non-flooded llanos (Tab. I).
Most of them were killed in October (Tab. II). The crab-eating
fox was often killed on roads also in Brazil (CÂNDIDO-JR. et al.
2002). Both opossums and crab-eating fox are scavengers and
they often patrol roads in search of animals killed by cars
(CÂNDIDO-JR. et al. 2002).

Tamandua, Tamandua tetradactyla (Linnaeus, 1758)
(Myrmecophagidae) occurs throughout the lowlands and foot-
hills below 500 m above sea level, most often resting in trees on
drier sites. Of 64 individuals recorded by HANDLEY (1976), 12 were
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struck by automobiles. We found seven carcasses, only in Octo-
ber, in the section crossing non-flooded llanos (Tabs I and II).

The eastern cottontail, Sylvilagus floridanus Allen 1890
(Leporidae) occurs in dry upland sites covered with thorn for-
ests, savannahs, and pastures (HANDLEY 1976). During our study
we found only two carcasses of this species, in non-flooded
llanos, whereas in Florida (USA) they were rather frequent (0.28
carcasses/km) (CRISTOFFER 1991).

If we make a very conservative assumption that the car-
casses of the species we analysed remained for two days on the
road, then motor vehicles would strike 350 caimans in the rainy
season alone, from May through October (184 days divided by
2 (persistence of carcasses) = 92 × 3.8 (mean number of caim-
ans struck per day). Similar calculations for other species yield
313 snakes and lizards, 294 opossums, 220 crab-eating foxes,
129 tamanduas, 55 capybaras, and 37 eastern cottontails. It is
difficult to estimate what proportion of the total population
was killed by vehicles.

In Venezuela, spectacled caimans are under permanent
management programs, since 1983 and capybara since 1968.
Opossums and eastern cottontails are included in the sport
hunting season and allowed to be hunted in their respective
season and bag limits. Crab-eating foxes and tamanduas are
not under special legal protection, but each species that is not
included in commercial or sport management programs is not
allowed to be hunted in any way (RICARDO BABARRO – Ministry
of the Environment and Natural Resources of Venezuela, in-
formation by letter). In our study area, very rare animal spe-
cies were not killed on the road. In Brazil, animals threatened
with extinction, such as jaguar, Felis onca Linnaeus, 1758 (Fel-
idae), ocelot, Felis pardalis Linnaeus, 1758 (Felidae), marsh deer,
Blastocerus dichotomus Illiger, 1815 (Cervidae), neotropical ot-
ter, Lontra longicaudis Olfers, 1818 (Mustelidae), maned wolf,
Chrysocyon brachyurus Illiger, 1815 (Canidae) (MINISTÉRIO DO MEIO

AMBIENTE 2003)were killed by motor vehicles (FISCHER 2002). It
should be emphasized that our study was conducted late in
the 1970s, when motor traffic was considerably less intense.
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