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ABSTRACT. This paper examines the frequencies of mammal roadkill in two adjacent biogeographic ecoregions (Atlantic
Forest and Cerrado) of Brazil. Mammals were recorded during a seven-year period and over 3,900 km of roads, in order
to obtain data for frequencies of species in habitats (sites) and frequencies of species killed by cars on roads. Sites (n = 80)
within ecoregions (Cerrado, n = 57; Atlantic Forest, n = 23) were searched for records of mammals. Species surveyed in
the entire region totaled 33, belonging to nine orders and 16 families. In the Cerrado, 31 species were recorded in
habitats; of these, 25 were found dead on roads. In the Atlantic Forest ecoregions, however, we found 21 species in
habitats, 16 of which were also found dead on roads. There was no overall significant difference between ecoregions for
frequencies of occurrence in habitats or for roadkills, but there were differences between individual species. Hence,
anteaters were mostly recorded in the Cerrado ecoregion, whereas caviomorph rodents tended to be more frequent in
the Atlantic Forest ecoregion (seen mainly by roadkills). The greater number of species (overall and threatened) and the
greater abundance of species records in the Cerrado suggest that this ecoregion has a greater biodiversity and is better

conserved than the Atlantic Forest ecoregion, in the state of Mato Grosso do Sul, south-western Brazil.
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Conservation biology is one of the main disciplines that
strives to compensate for anthropogenic pressure. The study
of ecological landscapes, part of this area of study, provides
insights for comparative approaches, such as comparisons be-
tween faunal communities of different ecoregions or biomes
(e.g. Krasnov & SHENBROT 1998, LorEz-GonzaLez 2004).

Ecotonous regions are important biogeographically for
two reasons. First, they are generally species-rich (Kark et al.
2006). Second, they sometimes exhibit complex mosaic pat-
terns in geography or vegetation. When more than one biome
is present, it is important to assess the extent to which one
influences the other(s) (KrasNnov & SHENBROT 1998). Such assess-
ment can be conducted, for example, by investigating the pres-
ence of particular species that are characteristic of one biome/
ecoregion in the adjacencies of another. Indeed, the relative
abundance of a species will be higher, and its distribution wider,

in the biome where the species is known to be more adapted
(Lorez-GonzaLez 2004).Today, one point that deserves consider-
ation when assessing biogeographic patterns is the regional
conservation status of a target community, which can lead to
misinterpretations of the observed distributional patterns. Dis-
crepancies may exist between the observed distribution and
the true (historic) distribution of a species due to disturbance,
which may cause changes in the distributional patterns that
are not due to community evolution (LomoLiNno & Peraurt 2004).
Examples of such disturbances are habitat fragmentation, hunt-
ing pressure and roadkill mortality.

Accidents between wildlife and vehicles are one of the
main sources of environmental impact, and can result in a re-
duction in the size of natural populations with consequent
bottlenecks and an increased risk of extinction (Forman et al.
2003). Roads are one of the most important factors contribut-
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ing to loss of biodiversity. Their effects range from habitat frag-
mentation and increased edge effects, to accidents resulting in
deaths and consequent population instability (Forman &
ALEXANDER 1998, SaNTOs & TABARELLI 2002).

Mammal populations worldwide are now fragmented and
isolated. Individuals often need to cross wide open matrices
between native fragments, becoming exposed to several kinds
of risks. Because most mammals are highly mobile, they cross
roads often, which makes them more likely to encounter ve-
hicles and be killed by them (Woops & Munro 1996, CLARKE et
al. 1998).

Road-related mortality rates increase with road modern-
ization and paving. The latter usually increase vehicular traffic
which is directly correlated with accidents between vehicles
and wildlife (OrLowsky & Nowak 2006). In Brazil, few studies
have addressed wild fauna road mortality (e.g. CHEreM et al.
2007, MeLo & Santos-Firno 2007, CorLHo et al. 2008), which is
surprising given the country’s extensive road system and
biodiversity. Most studies on the subject only provide check-
lists of mammals killed on roads, with no attached informa-
tion on the causes and/or consequences of mammal mortality.
Particularly, no study has focused on the relationships between
mammal abundances and roadkills of the adjacent Brazilian
Cerrado and Atlantic Forest biomes.

Wide areas in southwestern Brazil have lost their native
vegetation, mainly to farming and cattle ranching (Dias 1994).
Savanna (here termed Cerrado) and Atlantic Forest vegetations
are the main physiognomies in this region. Collectively, in
Brazil, only about 35% of the Cerrado biome (ManTovan &
Pererra 1998) and 7% of the original Atlantic Forest (MacHADO
et al. 2004, Hirota 2005) remain.

The aim of this study was to examine the distributional
abundances and the mortality rates of non-flying mammals on
the roads of a forest-savanna contact region in southwestern
Brazil. More precisely, we addressed the relative abundances, rates
of mortality on roads, and the threatened state of various spe-
cies in the two adjacent ecoregions (Atlantic Forest and Cerrado).
Our main goal was to compare the two ecoregions with respect
to the parameters above, and to analyze their conservation sta-
tus based mainly on the relative abundances of roadkills.

MATERIAL AND METHODS

The study region is located in southwestern Brazil, mainly
in the state of Mato Grosso do Sul, but also encompassing the
extreme southern part of the state of Goias. Mato Grosso do
Sul extends over 358,159 km?, with 78 municipalities and a
relatively sparse human population (5.8 indiv/km?2) (Maro
Grosso po SuL 2008). The regions studied in Mato Grosso do
Sul and southern Goias are located within the coordinates
17°40’-24°00’S and 51°30’-56°30’W (Fig. 1). The climate is tropi-
cal in the north and mostly subtropical in the south.

For the purposes of this report, we separated the region
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into two ecoregions: a) “Cerrado”, in the northeast and west,
adjacent to the Pantanal biome and dominated by savannas;
and b) “Atlantic” in the southeast, with a preponderance of
deciduous forests, and savanna inclusions in several portions
(Fig. 1). The main economic activity in the Cerrado is cattle
ranching, and in the Atlantic Forest, farming (Maro Grosso bo
SuL 2008). The Cerrado to the west, near the Pantanal, is gener-
ally in a better state of conservation, being a historically less
disturbed region where large fragments of the original vegeta-
tion still exist. The natural vegetations of the Cerrado in the
east and of the Atlantic Forest are for most part highly im-
pacted and are now represented by small isolated fragments
(ManTovaNt & PErRIrA 1998, MacHADO ef al. 2004). Currently there
is no direct faunal management (fences, faunal bridges or tun-
nels) of the highways in the study region.

We recorded nonvolant mammals in the study region
from 2001 to 2008, in order to obtain data on (a) frequency in
each habitat (site); and (b) frequency of deaths due to collision
with vehicles, for each species. For the most part, a site was
defined as a locality encompassing no more than 1 km? and
situated near roads (usually up to 5 km from any road). Dis-
tances between adjacent sites generally ranged from 10 to 30
km (minimum distance between sites of 2 km, and maximum
of 180 km). Here we use the term “frequency” as an estimate of
how common, or rare, a given species is in the study region, by
considering all sampled sites. Common species were defined
as those most frequently recorded within one or both
ecoregions, or in most of the study region, using the presence/
absence method. In order to estimate frequencies in habitats, a
total of 80 sites were selected (57 in the Cerrado, and 23 in the
Atlantic Forest) (Fig. 1). When searching, we conducted direct
observations and also recorded species through indirect means
such as tracks and carcasses. Our surveys were preferentially
conducted along forest trails and edges. For the purposes of
our study, we only recorded the presence of the various species
at each site, but not their abundances. Therefore, the relative
abundance (or rarity) of a species was obtained by combining
data from all areas sampled in each ecoregion.

We excluded from our analyses sites that had less than
three species of mammals recorded. We adopted this threshold
in order to avoid bias, since not all sites had trails or soil char-
acteristics that allowed us to find animals through their foot-
prints, since tracking was the main sampling method used here
(see CAceres et al. 2007). Each site was surveyed either once or
twice (each time in a different season). Whenever possible, we
tried to sample a site twice. In both ecoregions, sites were sur-
veyed during one to four days and were either randomly (24%)
or systematically (76%) selected in space and time (during the
sampling years). The main systematic surveys were as follows:
16 sites in a transitional region (13 in the Atlantic and three in
the Cerrado) between the two ecoregions from November 2001
to January 2002; 22 sites around Bodoquena Mountains in the
Cerrado from April to June 2002; 11 sites in north-west Mato
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Figure 1. Map showing the 80 localities sampled for mammals in the present study, in south-western Brazil. Biomes: (Af) Atlantic Forest,
(Ce) Cerrado, (Pa) Pantanal. Stretch A-A: BR 262 in the Cerrado ecoregion; stretch B-B: BR 163 (at right) and BR 060 and MS 157 and

MS 162 (at left) comprising a transitional region of Cerrado-Atlantic

Grosso do Sul in the Cerrado, near the Pantanal boundaries,
during August-September 2005 and January-February 2006; and
seven sites from the Atlantic ecoregion and five sites from
Cerrado in south-eastern Mato Grosso do Sul from July to Au-
gust 2007.

Small mammal species such as those in Didelphis
Linnaeus, 1758 (+ 1 kg in body mass) were included in the
habitat analyses because they are easy to identify in the field
based on footprints (Borges & Tomis 2004). The species of Di-
delphis most commonly found in the study region is D.
albiventris Lund, 1840 (CAceres et al. 2007, 2008). Primates were
also included because they are easy to record in transect lines
and the different species can be identified through their vocal-
ization patterns (EmMons & Feer 1997). The remaining mam-
mals included in our analyses were recorded through footprints
and/or direct observation in the field (Borces & Tomas 2004).

Forest; and stretch C-C: BR 487 in the Atlantic ecoregion.

We surveyed mammals run over by cars from 2001 to
2008, along the following main highways of Mato Grosso do
Sul: BR 262 in the west (crossing the Cerrado), BR 060 and 163
and MS 157 and 162 (termed here as BR 060-163) in the south
central region (passing through a transitional region between
the Cerrado and the Atlantic Forest), and BR 487 in the south-
east (crossing the Atlantic Forest ecoregion) (Fig. 1). We searched
for dead mammals by driving along the roads in cars or motor-
cycles at about 60-70 km/h, during daylight. A total of 3,900
km (> 90%; federal or state highways) of continuous roads
(mostly paved) were monitored during the seven years of study
(this total was obtained by summing each different stretch sur-
veyed along the entire study area). From this total, 1,200 km
were in the Atlantic ecoregion and 2,700 in the Cerrado
ecoregion (the latter not only has a larger area in the study
region but also a higher proportion of paved roads). Except for
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a 250-km stretch on two selected highways (see below), the
remaining road sections (ca. 3,650 km) were sampled randomly
during the years in both ecoregions, both in the dry and wet
seasons. We searched in roads near the 80 sites where we had
previously or concomitantly assessed the frequency of free-rang-
ing mammals.

In order to compare the number of vehicles per ecoregion
and how this number influences road mortality, we searched
for the mean daily traffic volume (MDV) at the webpage
www.dnit.gov.br, which is an official webpage of the Brazilian
Government responsible for transportation (Ministério dos
Transportes, DNIT/Departamento Nacional de Infraestrutura
de Transporte).

Besides random samples along the selected roads (total-
ing 3,900 km), we chose two (continuous) stretches of road in
each ecoregion for systematic monitoring, as follows. On BR
262, we selected a 200 km (Miranda to Campo Grande) sec-
tion, and on BR 487, a 50 km (Navirai to the Rio Parand bridge)
road section. Furthermore, BR 262 (within the Cerrado) was
monitored monthly for dead animals for 1.5 years (2003 to
2004; totaling 3,600 km monitored) and BR 487 (within the
Atlantic ecoregion) during one year (totaling 600 km), in the
same period and with the same frequency, in order to balance
efforts between the two ecoregions.

At the community level, the frequencies of free-ranging
species were tested between ecoregions, as well as for roadkill
data, using the non-parametric Wilcoxon test. Because the sam-
pling effort was lower in the Atlantic ecoregion (ca. 40% less
sites for the calculation of the frequencies of free-ranging ani-
mals), the relative proportions of records were calculated before
running the Wilcoxon test. At the species level, and considering
the frequency of free-ranging mammals and the frequency of
roadkills (for which about a third of the sampling effort was
carried out in the Atlantic ecoregion), the binomial test was used
to compare each pair of absolute values (e.g. number of roadkill
records for the Cerrado and for the Atlantic ecoregion) for any
given species. With the binomial test, it was possible to account
for the differences in sampling effort between ecoregions and
thus obtain more realistic results. The statistical program used
for these analyses was BiosEstat 3.0 (Avres ef al. 2003).

A Non-Metric Multidimensional Scaling Analysis (NMDS)
was performed on habitat data, in order to examine the rela-
tionships among mammal families when summarized on two
axes. The similarity measure to compare ecoregions was the
Euclidean distance. The consistency of the diagram was checked
by a Shepard diagram and the Stress value (LEGENDRE & LEGENDRE
1998). The program used for NMDS was PAST version 1.74 (Hawm-
MER et al. 2001). Only species with at least four records were
considered in all analyses.

The data for mean daily volume (MDV) of vehicles tran-
siting on the main highway routes monitored for mammals
(BR 262 and BR 487) were checked for possible differences. They
were tested by the Mann-Whitney non-parametric test, because
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the data did not meet the criterion of homoscedasticity. Rates
of mammal kills on these routes were estimated for a 50-km
stretch of highway and for a one-year basis, in order to make
possible comparisons among these rates and the respective
MDVs by ecoregion.

Estimates of the number of mammals run over on the
two routes monitored systematically (BR 262 and BR 487) were
performed by adjusting the total number of individuals found
dead to a 50-km stretch and one-year basis. Results were tested
for significance between these road stretches using the Chi-
Square test.

RESULTS

Species account

A total of 472 roadkills were recorded on the roads of
both ecoregions, 300 in the Cerrado and 172 in the Atlantic
Forest. In most cases, roadkills were recorded on the two high-
ways that were monitored systematically (see methodology),
mainly in the western Cerrado (52%) and in the extreme south-
eastern portion of the Atlantic ecoregion (24%). Many other
cases were widespread over both ecoregions.

The total number of mammal species surveyed in the
entire region was 33, belonging to nine orders and 16 families.
The most species-rich orders were Carnivora (14 species), Ar-
tiodactyla (6), Rodentia (4) and Cingulata (4). The smallest spe-
cies was the guinea pig Cavia aperea Erxleben, 1777 (0.5 kg),
and the largest was the tapir Tapirus terrestris (Linnaeus, 1758)
(240 kg). Overall, many species were habitat generalist or
adapted to savannas/open-habitats (Tab.I).

Ten of the 33 species recorded in these habitats were not
found dead on the roads during the study period. Of the 10
species, four were ungulates — Blastocerus dichotomus (Illiger,
1815), Ozotoceros bezoarticus (Linnaeus, 1758), Pecari tajacu
(Linnaeus, 1758), Tayassu pecari (Link, 1795) — and two were
primates — Alouatta caraya (Humboldt, 1812) and Cebus
libidinosus Spix, 1823 —; seven weighed more than 18 kg -
Priodontes maximus (Kerr, 1792), Pteronura brasiliensis (Gmelin,
1788), Panthera onca (Linnaeus, 1758), B. dichotomus, O.
bezoarticus, P. tajacu and T. pecari —, and four are threatened
species — P. maximus, P. brasiliensis, B. dichotomus, and Dasyprocta
azarae (Lichtenstein, 1823) — under the vulnerable and endan-
gered categories according to the IUCN (2007) (Tab. I).

Overall, the species killed by vehicles in highest frequen-
cies were Cerdocyon thous (Linnaeus, 1766) (34.5%), Euphractus
sexcinctus (Linnaeus, 1758) (23.6%), Myrmecophaga tridactyla
(Linnaeus, 1758) (11.5%), Tamandua tetradactyla (Linnaeus, 1758)
(7.7%), and Dasypus novemcinctus (Linnaeus, 1758) (6.7%). When
ecoregions are considered, C. thous (31.7%), E. sexcinctus (22.0%),
and M. tridactyla (18.7%) were the species most frequently killed
on the roads of the Cerrado, whereas C. thous (44.2%), E.
sexcinctus (29.7%), and D. novemcinctus (6.4%) were the most
frequently species killed on the Atlantic Forest (Tab. I) roads.
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Table I. Relative (fraction from the total) and absolute (in parentheses) frequencies of mammals present in habitats and killed on roads
in two adjacent ecoregions (Cerrado and Atlantic Forest) of south-western Brazil.

Habitat Roadkill
Species / Sampling effort Order

Cerrado Atlantic p* Cerrado Atlantic p*

57 sites 23 sites 2,700 km 1,200 km
Didelphis spp. Didelphimorphia 0.00 (0) 0.01 (2) 0.04 (11) 0.03 (5) ns
Cabassous unicinctus** Cingulata 0.00 (1) 0.00 (0) 0.00 (1) 0.00 (0)
Dasypus novemcinctus 0.04 (15) 0.08 (11) 0.06 0.07 (22) 0.06 (11) ns
Euphractus sexcinctus 0.05(19) 0.04 (5) ns 0.22 (66) 0.30 (51) 0.06
Priodontes maximus ® ** 0.00 (1) 0.00 (0) 0.00 (0) 0.00 (0)
Myrmecophaga tridactyla ***  Pillosa 001() 003 019(56) | 0.01(1)  <0.01
Tamandua tetradactyla 0.02 (8) 0.01 (1) ns 0.10 (30) 0.05 (8) 0.04
Cavia aperea Rodentia 0.01 (4) 0.04 (5) 0.06 0.00 (1) 0.02 (3) ns
Cuniculus paca (Linnaeus, 1758) 0.02 (9) 0.02 (3) ns 0.00 (1) 0.00 (0)
Dasyprocta azarae ® 0.05 (18) 0.06 (8) ns 0.00 (0) 0.00 (0)
Hydrochoerus hydrochaeris 0.06 (22)  0.07 (9) ns 0.01 (3) <0.01
Sylvilagus brasiliensis Lagomorpha 0.04 (13) 0.04 (5) ns 0.00 (1) 0.01 (1) ns
Alouatta caraya** Primates 0.01 (2) 0.05(7) <0.01 0.00 (0) 0.00 (0)
Cebus libidinosus** 0.02 (9) 0.08 (11) <0.01 0.00 (0) 0.00 (0)
Blastocerus dichotomus ° Artiodactyla 0.01 (5) 0.02 (3) ns 0.00 (0) 0.00 (0)
Mazama spp. 0.07 (27) 0.07 (10) ns 0.01 (2) 0.01 (1) ns
Ozotoceros bezoarticus * ** 0.01 (4) 0.00 (0) 0.00 (0) 0.00 (0)
Pecari tajacu 0.07 (27) 0.05 (7) ns 0.00 (0) 0.00 (0)
Tayassu pecari 0.02 (8) 0.00 (0) 0.00 (0) 0.00 (0)
Tapirus terrestris © Perissodactyla 0.09 (34) 0.07 (10) ns 0.01 (3) 0.00 (0)
Cerdocyon thous Carnivora 0.11(40) 0.08(11)  0.06 0.32 (95) <0.01
Chrysocyon brachyurus  ** 0.01 (5) 0.01 (2) ns 0.01 (4) 0.00 (0)
Lycalopex vetulus** 0.01 (4) 0.00 (0) 0.00 (0) 0.01 (1)
Leopardus pardalis 0.04 (16) 0.03 (4) ns 0.00 (1) 0.00 (0)
Panthera onca ? 0.00 (1) 0.00 (0) 0.00 (0) 0.00 (0)
Puma concolor ? 0.03 (12) 0.05 (7) ns 0.01 (2) 0.00 (0)
Small cats  ** 0.01 (3) 0.03 (4) ns 0.01 (4) 0.01 (1) ns
Eira barbara (Linnaeus, 1758) 0.00 (0) 0.00 (0) 0.01 (2) 0.00 (0)
Galictis cuja (Molina, 1782) 0.00 (1) 0.01 (1) ns 0.00 (1) 0.01 (1) ns
Lontra longicaudis (Olfers, 1818) 0.02 (7) 0.01 (2) ns 0.00 (0) 0.01 (1)
Pteronura brasiliensis © 0.01 (2) 0.00 (0) 0.00 (0) 0.00 (0)
Nasua nasua 0.02 (6) 0.01 (1) ns 0.01 (3) 0.01 (2) ns
Procyon cancrivorus 0.07 (27) 0.04 (6) ns 0.03 (9) 0.03 (6) ns
Total 1.00 (368) 1.00 (137) 1.00 (318) 1.00 (178)
Number of species 31 25 21 16
Number of threatened species 11 7 5 2

1) Frequencies are shown by ecoregions, and significant differences between ecoregions’ comparisons are circumscribed by rectangles
showing the higher value (p < 0.05). * p-value comparing ecoregions by adjusting the sampling effort (binomial test); ns = non-
significant values (p > 0.06).

2) IUCN (2007) threat categories (letter after species name): a: near-threatened; b: vulnerable; c: endangered. ** Savannic or open-habitat
species.

3) “Small cats” referred mostly to Leopardus braccatus (Cope, 1889).
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Effects by ecoregion
Habitats

There was no overall difference between the two
ecoregions in the relative frequencies (i.e., fractions from the
total of records) of species in habitats (Wilcoxon test, Z =-0.19,
p = 0.8486; n = 26 species pairs). However, estimated abun-
dances differed for some species when the two ecoregions were
compared. This trend was significant for primates (A. caraya:
binomial test, Z = 3.45, p = 0.0006; C. libidinosus: Z = 3.00,
p = 0.0027), and marginally significant for the Brazilian guinea
pig, C. aperea (binomial test, Z=1.89, p=0.0593) and the nine-
banded armadillo, D. novemcinctus (binomial test, Z = 1.86,
p = 0.0630) in the Atlantic ecoregion. Some species were also
significantly more abundant in the Cerrado ecoregion, such as
the giant anteater, M. tridactyla (binomial test, Z = -2.14,
p = 0.0324), and other species with marginally significant fre-
quencies such as the crab-eating fox, C. thous (binomial test,
Z=-1.88, p = 0.0598), and the crab-eating raccoon, Procyon
cancrivorus (G. Cuvier, 1798) (binomial test, Z=1.75, p = 0.0801).
We noted the absence of the giant anteater in the Atlantic
ecoregion, and the occurrence of several species of mammals in
similar frequencies in both ecoregions, including the largest
mammal in the study region, the tapir Tapirus terrestris (Tab. I).

Several species and families were abundant in the Cerrado
ecoregion (Fig. 2). As expected, these species are mainly sa-
vanna-dwellers such as myrmecophagids (anteaters), the yel-
low armadillo, E. sexcinctus, and the grassland fox, Lycalopex
vetulus (Lund, 1842). Importantly, many ungulate species were
abundant in this ecoregion, including the tapir, T. terrestris;
peccaries, P. tajacu and T. pecari; and deer, Mazama spp.. Other
abundant species in this ecoregion were the rabbit, Sylvilagus
brasiliensis (Linnaeus, 1758), the ocelot, Leopardus pardalis
(Linnaeus, 1758), and the crab-eating fox, C. thous, (Tab. I).

The NMDS analysis showed that axis 1 summarized the
differences in estimated abundance among species and thus
close similarities among them, placing Canidae (at left), and
secondarily Cervidae, Dasypodidae and Tapiridae, as the most
abundant, and Mustelidae and Agoutidae (at right) as the least
abundant families. On the other hand, the analysis took into
account differences in the ecoregions for axis 2, placing
Myrmecophagidae (above) and Primates (below) in extreme
positions in the diagram, corroborating findings of proportional
abundance of anteaters and rarity of primates in the Cerrado
ecoregion, and vice-versa for the Atlantic ecoregion. For in-
stance, other families were important in Cerrado habitats such
as Tayassuidae, Procyonidae and Mustelidae. By contrast,
Dasypodidae and Caviidae were frequent in the Atlantic
ecoregion (Fig. 2). The Shepard diagram significantly corrobo-
rated these results. Stress was low (0.0107) lending support to
the analysis (LEGENDRE & LEGENDRE 1998).

The number of threatened species found in habitats was
higher in the Cerrado (11 species) in a magnitude of 57% more
(Tab. I).
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Figure 2. Diagram of NMDS analysis of frequency of occurrence in
habitats for non-flying mammals between ecoregions of Cerrado
and Atlantic Forest in south-western Brazil. Similarity distance was
Euclidean. Stress value was 0.0107. Legends for families/order:
(Ago) Agoutidae, (Can) Canidae, (Cav) Caviidae, (Cer) Cervidae,
(Dapo) Dasypodidae, (Dapr) Dasyproctidae, (Fel) Felidae, (Lep)
Leporidae, (Mus) Mustelidae, (Myr) Myrmecophagidae, (Tay)
Tayassuidae, (Pri) Primates, (Pro) Procyonidae, (Tap) Tapiridae. Axis
1 is related to abundance records (e.g. higher ones at left, corre-
sponding to signal +) and axis 2 to ecoregion affinities.

Roadkills

In general, there were no significant differences between
relative frequencies of roadkills in both ecoregions (Cerrado
and Atlantic Forest) (Wilcoxon text, Z =-0.18, p =0.8590, n =
11 species pairs). However, there were significant differences
in frequencies of roadkills of some species, such as the giant
anteater (M. tridactyla: binomial test, Z = 5.80, p < 0.0001) and
the collared anteater (T. tetradactyla: binomial test, Z = 2.06, p
=0.0398), respectively, which were commonly found dead on
the highways of the Cerrado ecoregion, but seldom on those
of the Atlantic ecoregion. The capybara, Hydrochoerus
hydrochaeris (Linnaeus, 1758): binomial test, Z = -2.81, p =
0.0049) was found dead on highways of the Atlantic ecoregion
more often than on Cerrado roads. The same pattern of roadkill
rate was observed for the crab-eating fox, C. thous: binomial
test, Z = -2.72, p = 0.0065) and for the yellow armadillo, E.
sexcinctus: binomial test, Z = -1.85, p = 0.0639) in the Atlantic
ecoregion (Tab. I).

The incidence of roadkills was compatible with their esti-
mated abundances in each ecoregion, with caviomorph rodents
- e.g. H. hydrochaeris — being killed more often in the Atlantic
ecoregion, and savannah species — e.g. myrmecophagids, and
the maned wolf Chrysocyon brachyurus (Illiger, 1815) — being killed
more often in the Cerrado ecoregion (Fig. 2). Generally abun-
dant species suffered equivalent mortality in both ecoregions,
but the rates were higher than expected for the crab-eating fox
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(C. thous) and the yellow-armadillo (E. sexcinctus) in the Atlantic
ecoregion (particularly on BR 487). As expected from the ob-
served frequencies in habitats, the giant anteater (M. tridactyla)
was seldom killed by vehicles in the Atlantic ecoregion, but had
a high rate of roadkills in the Cerrado ecoregion. By contrast,
the tapir (T. terrestris), a clearly frequent mammal in our data
(slightly more frequent in the Cerrado than in the Atlantic for-
est), was seldom recorded killed on roads. On a smaller scale, the
same pattern appeared for another ungulate species, the marsh-
land deer B. dichotomus, which was not found dead on roads,
although it had been recorded at a number of sites (Tab. I).

The mean daily volume (MDV) of vehicles on the high-
ways monitored for killed mammals differed significantly be-
tween the two routes sampled, from the Cerrado and the At-
lantic Forest ecoregions (Mann-Whitney test, U = 916.0, p <
0.0001, n, = 58, n, = 76, respectively). MDV was higher in the
Atlantic ecoregion (2,733 £ 336 S.D.) than in the Cerrado (2,045
+634S.D.).

Estimated numbers of individual mammals run over on
the two routes monitored, per 50 km stretch and on an annual
basis, revealed higher rates for BR 487 (114 individuals/50 km/
year) in the Atlantic ecoregion and lower for BR 262 (38 indi-
viduals/50 km/year) in the Cerrado (Chi-square test, x> = 37.0,
d.f. =2, p<0.0001).

The number of threatened species found killed on roads
was higher in the Cerrado (5 species) in a magnitude of 150%
more than the Atlantic ecoregion (Tab. I).

DISCUSSION

In regard to frequencies of mammals in natural habitats
and roads, some species typical of the savannas were most com-
mon in the Cerrado ecoregion, as expected from other regional
(Santos-Fiino & Da Siva 2002, RocHa & DALPONTE 2006, CACERES
et al. 2007) and large-scale studies (Fonstca et al. 1996, EMMONS
& Feer 1997, EisenserG & Reprorp 1999). A main example of
typical savannah species in the Cerrado ecoregion is the giant
anteater M. tridactyla, besides some rare species such as the
maned wolf C. brachyurus, and two armadillo species — Cabassous
unicinctus (Linnaeus, 1758) and P. maximus. The giant-anteater
was rarer in the Atlantic ecoregion, despite the occurrence of
large portions of savanna inside this ecoregion (Fig. 1).

In contrast, caviomorph rodents such as capybaras, H.
hydrochaeris, and guinea pigs, C. aperea, were found dead on
roads more often in the Atlantic ecoregion. All cases of capy-
bara roadkill occurred in locations where animals were cross-
ing highways adjacent to bridges, specifically in sections con-
tiguous to marshlands. The quite common occurrence of the
marsh-deer, B. dichotomus, in the Atlantic ecoregion corrobo-
rates this, indicating that marshlands accompanying rivers are
frequent in this ecoregion. We suppose that the Atlantic
ecoregion, which is dominated by agriculture rather than cattle
pasture (Maro Grosso po Sur 2008), favored the abundance of

Cavia, which is more adapted to grasslands (EISENBERG & REDFORD
1999) and is expected to be abundant in field crops. We no-
ticed this association for primates as well: C. libidinosus is com-
monly found in crop fields (e.g. maize and soybeans) of the
Atlantic ecoregion. On the other hand, the absence of A. caraya
in the Cerrado ecoregion may be the result of a sampling arti-
fact; this species is not expected to be found in disturbed habi-
tats such as fragmented areas or near road situations, which
prevailed in our field surveys. Even though our data suggest
that primates are rare near roads of the Cerrado, we cannot
infer from our results that primates occur in higher abundance
in well-conserved places, far from roads, in this ecoregion.

The conservation status of the two ecoregions in south-
western Brazil was clearly different, with the Cerrado being
generally better conserved than the Atlantic ecoregion
(MANTOVANT & PEREIRA 1998, MAcHADO et al. 2004). This observa-
tion is clearly reflected in the differences of our results regard-
ing species frequencies, species richness, and number of threat-
ened species. In fact, the state of biological conservation of the
Atlantic Forest is worse in the interior of Brazil; the largest for-
est remnants are located in the eastern coastal region of the
country. Hence, from an original cover of 17.5%, only 0.5% of
the Atlantic Forest remains in the state of Mato Grosso do Sul
(CONSERVATION INTERNATIONAL DO Brasit 2000).

In contrast with the Atlantic ecoregion, and despite the
fact that the Cerrado is also a threatened physiognomy in south-
western Brazil, the Cerrado ecoregion in western Mato Grosso
do Sul still includes large and well-conserved remnants
(ManTovant & PereRA 1998, MacHaDO et al. 2004). The common
occurrences of several mammal species and families in this
ecoregion, for instance myrmecophagids, mustelids, peccarids
and agoutids, point to a better state of regional conservation,
and do not necessarily reflect original species distributions. If
original species distribution patterns were the only factor in play
here, the Atlantic forest domain would probably be richer in
species (Fonstca et al. 1996, 1999). Therefore, our regional com-
parison between ecoregions revealed that the mammal commu-
nity is more structured in the Cerrado ecoregion, with higher
species and family richness, and more threatened species.

For the most part, our habitat records were confirmed by
roadkills in both ecoregions, except for specific cases of acci-
dent avoidance by some agile or perhaps more intelligent spe-
cies. For example, the naked-tailed armadillo C. unicinctus, the
maned wolf C. brachyurus, and the coati N. nasua were rarely
found in habitats or dead on roads.

The higher mean daily volume of vehicles (MDV) transit-
ing in the southeastern part of the study region (mostly includ-
ing the Atlantic ecoregion) easily explains why mammal fami-
lies or species, in our data, were generally rarer in this region. In
fact, the higher rates of mammals killed on BR 487 (more than
100 indiv/50 km/year) in the Atlantic ecoregion are likely a re-
sult of recent (2002) asphalt paving (see MeLo & Santos-FiLHO
2007 for a similar result). With a lower MDYV, the Cerrado
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ecoregion revealed a richer fauna in terms of both frequencies
in natural habitats and roadkills, reflecting the good conserva-
tion status of this southwestern savanna formation (see CACERES
et al. 2010). The number of threatened species is also an impor-
tant record for this ecoregion, which shows that this ecoregion
still safeguards a number of species regionally. On the other hand,
human impact and deforestation (associated with road impact;
see SaNTOs & TaBarerLr 2002) have been severe in eastern Mato
Grosso do Sul, where the Atlantic ecoregion is located (MANTOVANI
& PEreIRA 1998, MacHADO et al. 2004). These factors are thought
to have caused increasing species rarity and local extinctions in
this ecoregion. Our results for free-ranging species and for spe-
cies killed on roads support this observation, with the Atlantic
ecoregion showing more common and small body-sized species
such as from Caviidae, Dasypodidae, and Felidae (Fig. 1), possi-
bly reflecting the loss of larger sized mammals through local
extinctions.

An interesting example of local extinctions is that of the
tapir. This large species was recorded in both ecoregions, but
somewhat more often in the Cerrado, with a few cases of
roadkills overall. We empirically found that tapirs are difficult
to spot in the southernmost portion of the Atlantic ecoregion
where the species is only found in large and conserved for-
ested areas, normally near large rivers. Our impression is that
T. terrestris becomes more common in northern or western ar-
eas closer to the Cerrado ecoregion.

Based on the following empirical observations, we hy-
pothesize that hunting for meat or for sport is more common
in the Atlantic ecoregion than in the Cerrado. The latter har-
bors extensive farmlands that are well protected by farmers,
which may decrease hunting substantially. By contrast, the
Atlantic ecoregion contains smaller farm units and more ur-
ban areas (Maro Grosso po SurL 2008) which can be the source
of more intensive hunting pressure (NCC, personal observa-
tion). Our impression is corroborated by the numerous reports
of hunting of medium- and large-sized mammals in the east-
ern Atlantic Forest remnants (CHiaRELLO 1999, CULLEN-]R et al.
2000. In these regions, species such as the tapir (T. terrestris),
brocket deer (Mazama spp.), and white-lipped peccary (T. pecari)
have significantly decreased population sizes, which corrobo-
rates our observations in the Atlantic ecoregion.

The two adjacent ecoregions studied revealed a similar-
ity in mammal species composition and frequency of occur-
rence, with a significant number of savannic/generalist species
occurring in both ecoregions. Even though the two adjacent
ecoregions are expected to influence each another and share
species (see Krasnov & SHenBrOT 1998), our results have shown
that there are limitations to this. Here we question whether
the faunal similarity is the result of adaptive processes or
whether it is a consequence of the higher disturbance levels in
the Atlantic ecoregion. Disturbances may have contributed to
a change in the mammal community over recent time (see
Lomorino & Peraurt 2004 as an example), although the marked
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presence of the giant-anteater in the Cerrado ecoregion and its
rarity in the Atlantic ecoregion are supposed to be mainly adap-
tive.

In some cases, differences in occurrence and roadkill rates
were detected in the Atlantic Forest-Cerrado ecotonal region,
which is thought to be related to land use, such as farming
(Atlantic Forest) or cattle ranching (Cerrado), and also to the
form and intensity of human occupation in the region (high
in the east, near Sao Paulo and Parana states, which could be
seen by MDV data for vehicles; and low in the western Cerrado,
around the Pantanal biome).
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