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Road networks have significant impacts on ecosystems through deforestation, 

rapid land conversion and wildlife-vehicle collisions. Road ecology seeks to analyze the 

spatial and biological patterns of collisions to understand the effect of roadways and best 

inform transportation planning in mitigating these threats. 215 km of roadway BR-262, 

that bisects critical habitat of the Brazilian Cerrado and Pantanal in southwest Brazil, was 

analyzed between April 2011 and June 2012 to assess how biological, physical and 

landscape characteristics affect clustering of collisions. 518 collisions, representing 40 

species, were found to be seasonally clustered between the unimodal rain and flood pulse 

in a February-March-April window and were spatially clustered over the study area in 

relation to cash crop and cattle ranching land-use and the rural low-lying Pantanal 

floodplain. Mitigation seeks to work with local communities and transportation agencies 

to facilitate fauna safe crossing through the roadway that do not conflict with drivers.
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CHAPTER 1 INTRODUCTION 

1.1 Background 

Collisions between wildlife and vehicles are rampant across the world’s roads. 

Most analyses of North American and European collisions focus only on large species 

and the effect that this faunal size class has on human damages and mortality. Yet, the 

quantitative loss of faunal biomass from the natural environment worldwide is often 

overlooked, especially when referring to threatened and endangered species (Clevenger, 

2003). Road ecologists have long understood that road networks and their design have a 

significant impact on the surrounding biodiversity and biological life history (van de Ree, 

2007). For the United States, roughly 15-20% of the country’s total landmass is affected 

by this road zone (Glista, 2009). However, in the last decade, extensive research has been 

conducted worldwide as to the spatial and biological patterns of these collisions. This 

enables us to better understand the effect these roadways have on ecosystems and to best 

inform transportation planning in mitigating these threats (van de Ree, 2007).  

1.2 Significance of Study 

Brazil boasts some of the most unique ecosystems the world has to offer. Yet, 

Brazil has moved into an era of development and modernization that threatens the 

richness that makes this land so acclaimed. Brazil’s expansive 1,580,000 km road 

network is predominantly located along the eastern seaboard where roughly 85% of the 

population lives. However, as farming and cattle ranching have expanded into the 

western regions of the country, this rich habitat has become divided as road networks
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expand further into western regions (Coelho, 2008, Central, 2014).  

This study seeks to evaluate the occurrences and impact of wildlife-vehicle 

collisions along highway BR-262 that bisects important habitats of the Brazilian Cerrado 

and unique Pantanal in southwest Brazil. These collisions are most often clustered into 

concentrated hotspots rather than occurring randomly across roadways (Cáceras, 2012, 

Clevenger, 2003, Teixeira, 2013a). Thus, certain areas and times are more susceptible. By 

assessing the specific parameters influencing collisions in these locations, and thereby 

reaching a greater understanding of the relationship between the roadway and the 

surrounding landscape, this study will help to inform the threats to human safety, 

vehicular damages and this great loss of fauna (Coelho, 2008). Effective, appropriate 

mitigation options and conservation-focused planning will enable more efficient 

allocation of resources to successfully address the continuity of species’ home ranges 

across a highly fragmented landscape and to preserve the richness of this valuable 

ecosystem (Baruch-Mordo, 2008). With informed mitigation implemented on the 

roadway, it is hoped that future monitoring results will show a significant reduction of 

collisions; however the negative amount is hard to predict for the future. In certain 

studies, a 38% reduction in collisions was observed by reducing vegetation along the road 

and an 87% reduction with the installation of fencing (Barcelos, 2013c). At present, the 

mitigation program of BR-262 is awaiting approval from the Transportation Union to 

deploy various mitigation options (Barcelos, 2013a, BR-262, 2013, Departamento, 2012, 

Schneider, 2013, Jambersi, 2013, Universidade, 2012). Results of this study here within 

would then inform which mitigation options taken by the Brazilian Transportation Union 

would most appropriately restore this unique biome and conserve its critical biodiversity.  
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1.3 Research Hypotheses 

This study geospatially analyzes wildlife-vehicle collisions along a 215 km 

segment of highway BR-262 in the state Mato Grosso do Sul, Brazil according to various 

biological and anthropogenic factors. It is expected that anthropogenic change, landscape 

demographics of the areas surrounding the roadway, seasonal biological trends, as well as 

diet and foraging habits of affected species will create concentrated hotspots of collisions 

along the roadway. Thus, the following hypotheses will be tested:  

 the frequency and species composition of wildlife-vehicle collisions will 

increase with distance from urban centers and be significantly correlated to 

habitat type and anthropogenic land use throughout the study area,  

 the wet season (October through April) will have a higher rate of wildlife-

vehicle collisions than the dry season (May to September) due to the 

synergistic effect of the rain pulse and flood pulse events in the Paraguay 

River Basin which force wildlife from their home ranges and into contact with 

the roadway, 

 diet and foraging habits of species will have a significant effect on wildlife-

vehicle collisions and will help inform which methods of mitigation will 

effectively address the most vulnerable species,  

 wildlife-vehicle collisions will be spatially clustered in statistically significant 

hotspots along the highway rather than being randomly distributed. 

All of the listed hypotheses will be analyzed according to the species affected by 

wildlife-vehicle collisions in the study region, as well as threatened and listed species, to 

best assess mitigation measures across a highly vulnerable region.
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CHAPTER 2 STUDY AREA  

2.1 Paraguay River Basin 

South America’s second most well-known watershed lies to the south of the 

Amazon River Basin, known as the Rio de la Plata Basin comprising 4,144,000 km2 

(Encyclopedia, 2015). The headwaters of this river basin originate in central western 

Brazil below the Amazon River Basin and flow southward following a mid-continent 

depression before discharging in Buenos Aires, Argentina. The depression was formed 

during the last compressional pulse of the Andes Mountain formation during the upper 

Plio-lower Pleistocene era and encompasses lands of Brazil, Bolivia, Paraguay, Uruguay 

and Argentina. Two main rivers comprise this basin, the Paraguay River, 2,621 km in 

length, and the Paraná River, 4,880 km in length. To the western portion of the Rio de la 

Plata Basin lies the Paraguay River Basin which is comprised of 496,000 km2 of total 

drainage landmass (Figure 1), and is primarily located in Brazil, of which 160,000 km2 

are within the boundaries of the Pantanal (Junk, 2006, Paraná, 2015, Varis, 2008). The 

Paraguay River, as well as its major tributaries the Bento Gomes, Cuiabá, São Lourenço-

Itiquira, Taquari, Negro, Aquidauana-Miranda, Nabileque and Apa Rivers, comprises the 

watershed and is bordered by elevated plateaus and low mountains in the east, north and 

the west by highly eroded ancient volcanic mountains (Alho, 2011a, Evans, 2014).  

2.1.1 Paraguay River Basin Climate 

The Paraguay River Basin, on which this study will focus (Figure 1), has a 
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climate classified as Type Aw of the Köppen climate classification, with distinct warm, 

wet summers from October to April and dry, cool winters from May to September,  

 

Figure 1. Map of the Paraguay River and supporting stream network 

comprising The Paraguay River Basin  

the Pantanal wetland (Alho, 1988, Caceres, 2008, 2010, Ferreira, 1994). Temperatures 
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showing a mesothermic character in the Cerrado uplands and a megathermic character in 

range from 27.4 ̊C (81 ̊F) in December to 21.4 ̊C (70 ̊F) in July, with mean temperatures 

hovering around 25 ̊C (77 ̊F) (Alho, 1988). Yet spatial and seasonal variability results 

from interactions of equatorial air masses and the corridor of a polar mass from 

Antarctica and winter temperatures can drop as low as 0 ̊C (32 ̊F) due to high solar 

radiation (Alho, 1988, Ferreira, 1994). 

Mean annual precipitation is 1250-1500 mm in the northern portions of the basin 

and 1,070 mm in the southern portion and varies greatly annually (Figure 2) (Alho, 

1988). Fluctuations can range from 62% of mean annual rainfall to 152% with groupings 

of wet and dry periods with a 15% deviation from mean accredited to stochastic climatic 

forcing as observed from the mid-60s to mid-70s for this region (Damasceno-Junior, 

2005, Ferreira, 1994, Lourival, 2011).  

 

Figure 2. Mean Accumulated Precipitation 1961-2010 at Corumbá Instituto 

Nacional de Meteorologia (INMET) Gauge # 83552 and Mean Water Level of 

Paraguay River 1979-1987 at Ladário Station (INMET, 2015, Junk, 2006)  

2.1.2 Paraguay River Basin Hydrology 

The Paraguay River Basin (Figure 1) has a unique hydrology such that it 
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experiences a unimodal annual flood pulse in relation to the annual rains that inundate the 

basin, lasting 6-8 months and receding in the dry season consistent with the tropics and 

sub-tropics (Damasceno-Junior, 2005, Fantin-Cruz, 2011, Ferreira, 1994, Junk, 2006). 

There then exist four seasons in the hydrologic cycle for this region: rising waters, 

flooding, receding waters and dry season (Alho, 2011a). Rain events in the upper basin in 

higher topography (~1050 m), which are typified by low mountains and upland plains, 

referred to locally as planaltos, flow westward until the Paraguay River and then south to 

percolate through the Pantanal wetland. Eventually, floodwaters of the Paraguay River 

flow southward through the South American continent to discharge into the Atlantic 

Ocean at Buenos Aires, Argentina. There is roughly a three month lag time between the 

onset of the seasonal rains in October and the flooding of the Pantanal wetland in the 

south due to the great extent of the river basin (Damasceno-Junior, 2005, Ferreira, 1994, 

Hamilton, 1999). In the upper region, flood pulse and rain events coincide locally in the 

months of December through April. However, in the southern region, flooding of the 

Pantanal wetland occurs when the flow of the Paraguay River exceeds the bank full flow 

and waters go into the floodplain in April through June (Junk, 2006). Average flood size 

is 53,000 km2 and timing and intensity of lower basin flooding is highly dependent upon 

the onset and frequency of rainfall events in the northern basin, flow direction and 

existing water levels of the Paraguay River (Evans, 2014, Lourival, 2011). Flooding can 

occur as early as January in the northeast and as late as July in the southwest (Evans, 

2014). However, due to the high variability of rainfall in this region, inundation has 

ranged from 4000 – 16,000 km2 for the last 100 years, with extreme flooding of 80,000 

km2 during 26% of years and 100,000 km2 in roughly 80% of the Pantanal during 7% of 
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years (Hamilton, 1999, Junk, 

 

Figure 3. Elevation map of BR-262 in Mato Groos do Sul and the 

Surrounding Cerrado-Pantanal Region  

2006, Lourival, 2011). Due to the slight downslope of the Pantanal floodplain (north to 

south 2-3 cm per kilometer, east to west 5-25 cm) (Figure 3), the flooded waters have a 3-
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4 month residency time before seasonally receding in July followed by a drying period in 

August and September (Junk, 2006). 

This length of hydroperiod and frequency of inundation are the influencing 

factors for the high level of species diversity and distribution. Seasonal strong rains 

inundate large areas of the river basin for portions of the year, allowing more aquatic and 

hydric species to flourish. Yet as floodwaters recede, the wetland is prone to a drying 

period that favors more upland savannah and terrestrial species before the annual rains 

begin again (Evans, 2014 Junk, 2006). Surrounding grasslands of the Pantanal floodplain 

are inundated with the seasonal rainfall and thus only flood-tolerant species exist in this 

region. Riparian vegetation dominates the alluvial soils along the streams, creeks and 

minor rivers that make up the stream network of the floodplain, which provide for robust 

gallery forests that fauna often use as corridors for movement (Damasceno-Junior, 2005). 

Unique to the mid-continent depression with the Andes formation, remnant paleo-levees 

remain in the floodplain that extend one to two meters in elevation, creating upland 

islands locally referred to as capão if circular and cordilherira when linear, which 

support more upland terrestrial vegetation in the floodplain and are utilized by fauna to 

escape floodwaters. As development of this region has taken place, dams, bridges and 

raised roadways have been added to the landscape serving as anthropogenic cordilherira 

for many faunal species (Damasceno-Junior, 2005, Junk, 2006). Consequently, as 

floodwaters recede, billabongs or isolated lakes referred to locally as baías when 

freshwater or salinas when brackish serve as watering holes in the dry season for the 

water dependent fauna of this biome (Aldo, 1988, Evans, 2013, Junk, 2006).  
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2.2 Biomes of the Brazilian Cerrado and Pantanal 

The Cerrado biome, Brazil’s Neotropical savannah, spans 2 million km² of the country’s 

interior region and is Brazil’s second largest biome after the Amazon, comprising 21% of 

Brazil’s landscape (Encyclopedia, 2011, Jácomo, 2013). Unique to the Cerrado’s deep 

southwestern region is the Pantanal biome, the world’s largest wetland at the size of 

150,000 km², which is four times the size of the Everglades, in the state of Florida, 

United States. This exceptional biome is rich in flora and fauna and due to the Cerrado’s 

large size (Figure 4), it is the convergence zone for wildlife species from the regions of 

the Amazon, Caatinga, the Atlantic Forest, the Pantanal and unique biomes of Bolivia 

and Paraguay with a high level of migration in and through the region (Fischer 2003). 

2.2.1 Cerrado-Pantanal Soils and Vegetation 

Soil classification of the region shows typic Concretionary Petric Plinthosol, typic 

Lithoplintic Petric Plinthosol, typic dystrophic Yellow Latosol, dystrophic Yellow 

Latosol with Plinthite, with plinthsols. Typically, litosols are associated with flooding and 

impede drainage, while Latosols exhibit powerful drainage. Although the 22 classes of 

soil play a significant role in the hydrology of the region, the edaphic heterogeneity is 

also credited with supporting a high level of biodiversity and ecological function for 

these biomes (de Lucena, 2014). 

The vegetation of the Cerrado-Pantanal region has only just begun to be 

identified, with expected numbers of the vast biodiversity of the Pantanal starting at 

2,000 species (Junk, 2006). The Cerrado lists 10,000 plant species with 4,400 endemics, 

many of which are herbaceous species (Encyclopedia, 2011). The Pantanal shows 17 

vegetative classes which are divided into three categories: forest, savannah and frequently 
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and/or permanently inundated marsh and five functional groups: forested woodlands, 

riparian gallery forest, open woodland savannah, open woodlands with prolonged 

 

Figure 4. Map of the Brazilian Cerrado & Pantanal Biomes  

flooding, swampy grasslands/ marsh, with a 6th category added in more recent years of 
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anthropogenic land conversion representing intensive agricultural lands and converted 

pasture (Evans, 2014, Lourival, 2011). Vegetation consists of a combination of closed 

and open mesic and xeric habitat types with 247 species of aquatic macrophytes/ 

hydrophytes, 756 species of woody plants, ~900 species of grasses, herbs, vines, 

epiphytes and parasites, in the Pantanal alone (Junk, 2006). Some estimates bring the 

floral species count up to 2000 species (Seidl, 2001). 

2.2.2 Cerrado Habitat 

Cerrado habitat is comprised of 85% open physiognomies and is typified by open 

grassland and close dense woodland which is referred to as cerradão, meaning closed, 

with dwarfed gnarled trees with furrowed bark and xeromorphic leaves often intermixed 

with scrub habitat (Cáceras, 2010b, Trolle, 2003). This habitat type is most often found in 

upland higher elevation locations of the Paraguay River Basin and supports a diverse 

faunal abundance with a high diversity of small mammals and xenarthrans that relate to 

the open physiognomies (Cáceras, 2010a). In more transitional elevations, grasslands 

dominate between closed habitat and marsh areas which experience seasonal inundation. 

Naturally raised landmasses roughly two meters above mean flood level within these 

grasslands and marshes, referred to as cordilherira, support more woody vegetation and 

semi-deciduous tree species such as Mauritia flexuosa palm, referred to locally as buritis 

and Tabeuia spp. referred to as ipế (Damasceno-Junior, 2005, Encyclopedia, 2011, Junk, 

2006, Trolle, 2003). These tree islands then provide critical habitat for faunal species that 

require more shaded or dense habitat cover. Additionally, since these tree islands do not 

flood they provide refugia to assist in home range movement through the seasonal 

inundation as well as protection from predation in the open Cerrado and grasslands 
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(Damasceno-Junior, 2005).  

Additionally, 38 indigenous tribes, totaling 45,000 individuals, live in the Cerrado 

and form their existence from this expansive biome (Encyclopedia, 2011). 

2.2.3 Pantanal Habitat 

In the Pantanal wetland, the extensive stream network that sinews through the 

wetland supports low lying marsh with a wide variety of aquatic vegetation typically 

inundated throughout the year and more dense marsh typified by tall reeds, bunchgrass 

and scrub species (Cáceras, 2010b, Trolle, 2003). Unlike the more upland Cerrado 

habitat, this region is hyperseasonal savannah and only shares grassland vegetation 

species that can endure prolonged flooding (Junk, 2006). Riparian gallery forests flourish 

in the rich alluvial soils surrounding these water courses that are yearly enriched by the 

seasonal flooding with Licania parvifolia, Bactris glaucescens, and Vochysia divergens 

dominating the landscape (Trolle, 2003). The strong annual flooding regime followed by 

a drying period favors numerous endemic floral species that thrive during the prolonged 

wet and dry conditions and prevents colonization on riparian habitat by more deciduous 

forest vegetation and dry species typical to the Cerrado (Alho, 1988, Damasceno-Junior, 

2005).  

2.3 Land Conversion 

The first colonization began in the 1700’s with prospects for gold and precious 

stones. The accompanying roads and railways to support these industries paved the way 

for cattle ranching to take advantage of the grassland habitat of this biome (Encyclopedia, 

2011). For 200 years, this Cerrado region has been used in subsistence cattle ranching. 

Historically, the Pantanal wetland was overlooked for economic development due to its 
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distance from major urban centers and difficultly for access. Fezendas, or typical cattle 

ranches, would span large plots of land with both upland Cerrado habitat and lowland 

wetland habitat typical of this region. Ranchers raised Turura cattle, a race of cattle 

adapted to the Pantanal grasses and flooding regime that are small in size, have low 

reproductive rates and slow growth rates, thrive in swamp conditions and eat native 

foliage. During the dry season, ranchers would allow the cattle to graze on the rich 

wetland vegetation of the lowland Pantanal and then during the annual inundation with 

the seasonal rains, they would retreat to higher upland Cerrado habitat on the wide 

expanses of ranch land typical to these fezendas. Ranchers were able to move through the 

landscape throughout the year due to the large size and variety of vegetation on their 

ranches without substantial land conversion. For this reason, this form of cattle ranching 

was viewed as highly sustainable and supported the vast biodiversity of the biomes.  

Yet over time, farms were divided and fragmented as they were passed down to 

next generations. Ranches no longer contained both upland and lowland habitat that 

ranchers could use in rotation as grassland regenerated. Consequently, ranchers began 

converting to Nelor cattle species which are faster growing and could be raised on hay as 

opposed to the Pantanal native vegetation. However, this change in livestock species 

required better management of pasture lands greatly changing the historically subsistence 

ranching. To support this new method of ranching, ranchers began burning grasslands at 

the end of the dry season to accelerate vegetation regeneration to make pasture land more 

productive. Despite the rapid regeneration of grass vegetation with fire, many native 

flood tolerant flora species could not withstand this atypical regime. Over time the area 

became typified by more fire resistant vegetation, successional grassland species and 
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exotic grasses introduced for grazing preference. Great variation began to appear among 

the various pasture fragments and remnant fragments due to the intensive deforestation 

for conversion to cattle ranching leaving patches isolated and disconnected (Cáceras, 

2010a). With this introduced fire regime, fauna were driven to seek refuge during burning 

events from converted Cerrado habitat to the more untouched Pantanal wetland. Acurí 

palms (Schealea phalerata), which are resistant to fire and herbivory by ranch cattle, 

began to dominate the landscape and provide key refugia for native fauna (Alho, 1988, 

Junk 2006, Trolle, 2003).  

In the 1970’s, the Brazilian Corporation for Agricultural Research (EMBRAPA), 

began an expansive development program to take advantage of the economic potential of 

the Paraguay River Basin. Through soil enhancements with various new fertilizers and 

inexpensive land prices, the Cerrado and Pantanal exploded with enhanced cattle 

production as well as cash crops and sugar cane biomass fuel production (Alho, 1988, 

Encyclopedia, 2011, Junk, 2006). Highways were constructed into the western interior of 

Brazil and the government encouraged inward migration for economic development. 

Farming on the plateaus surrounding the Pantanal floodplain rapidly established with 

monocultures of soybean, rice, corn, beans, millet, wheat, barley, cotton and sugar 

production. Additionally, illegal sawmills began cropping up in this region, deforesting 

the gallery forest that lined the complex stream network of this region (Alho, 1988, 

Encyclopedia, 2011, Ferreira, 1994, Jácomo, 2013). Ranchers also closely controlled 

hunting on properties to maintain ranching integrity. However, through the 1960’s and 

70’s, illegal poaching for hides greatly reduced many common species. The populations 

of jaguars, otters and deer, in particular, have yet to rebound to this day despite stricter 
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governance put in place mid-80’s (Cáceras, 2010a, Junk, 2006). 

In 1977, Mato Grosso do Sul state separated from Mato Grosso state and 

established Campo Grande as the capital. Better infrastructure was required to support 

this new capital and with the new infrastructure came a greater population. By the 1980’s 

the region saw a high rate of colonization from other neighboring states. This 

immigration nearly doubled the population and grew the conversion of land to 

agricultural and livestock production by 37% to take advantage of the state’s economic 

opportunities. This southwest region of Brazil was now the new agricultural frontier for 

the country (Cáceras, 2010a, Encyclopedia, 2011). Development was still isolated around 

roadways yet continued to creep into the surrounding native habitat as these industries 

continued to grow.  

By 2002, 35% of all Brazilian crops were produced in the Cerrado. More than 

500,000 km2 of lands had been deforested to plant pastures, clearing 15% of woodlands. 

At this time, well above 50% of the remaining Cerrado habitat had been converted to 

support this strong agricultural and livestock initiative (Cáceras, 2010a, Encyclopedia, 

2011, Seidl, 2001). Nearly 95% of lands of the Pantanal wetlands became acquired and 

privately owned, with 118,000 km2, or roughly 80%, invested in cattle ranching. Herd 

size had expanded to 3 million head valued at US$ 1.340 billion (Seidl, 2001). The region 

has become threatened with environmental degradation, deforestation, fire and pollution, 

leaving the landscape highly fragmented with a network of pasture fragments (Cáceras, 

2010b). The southwest of this region greatly suffered from deforestation. The 

profitability of land increased with conversion to cattle ranching, making lands not yet 

utilized highly vulnerable to development.  As of 2009, only 35% of the Cerrado remains 
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unchanged (Casella, 2013, de Carvalho, 2014, Seidl, 2001).  

The Cerrado and Pantanal were not the only regions affected by this governmental 

initiative for westward expansion. Deforestation in the southeastern edge of the Amazon 

region has been more intense than other regions of the country due to the influx of road 

building in the 70’s and 80’s that brought migration from other states. By the mid-80’s it 

had reached alarming proportion with the paving of major roads from Sao Paulo and 

Southeastern regions and the boom in soybean agriculture (Barni, 2015).  

The upper Paraguay River Basin has lost 60% of native vegetative cover and 80% 

of lands are now used for agriculture, mainly soybean, as well as livestock production 

and gold mining (Alho, 2011a, Ferreira, 1994). Consequently, levees along the rivers of 

this region that lead into the Paraguay River have been established to maintain the 

economic use of the lands. Closure of levee breaks due to pressures from ranchers who 

have experienced damage to properties from flood breaches results in a more direct 

inundation of the Paraguay River from elevated river levels. As land continues to be 

converted to production land, the pressure to manage hydrology in the upper basin may 

result in a quicker divergence of rain pulse waters to the lower river leading to more 

intense flooding in the Pantanal region. Concurrently, land conversion has resulted in 

high levels of erosion leading to sedimentation in the lower basin, which hinders 

navigation and raises the riverbed. This continued land alteration could potentially lead to 

shifts in the geomorphology of the river course and locations of exceedance of the bank 

full flow of the Paraguay River. Conversely, continued land alteration could lead to 

backwater flooding of the upper basin as sedimentation hinders drainage which would 

lead to lateral levee breaks inundating typically dry areas threatening economies of those 
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areas (Ferreira, 1994).  

Currently, the Cerrado-Pantanal region produces 58% of Brazil’s soybean 

production, a quarter of grain production and supports 40 million head of cattle 

(Encyclopedia, 2011). More recently, tourism and fishing have become new major 

industries, taking advantage of the unique Pantanal wetland and its vast biodiversity, with 

46,000 visitors and $36 million in 1995, to a mass influx of visitors with the Pantanal 

region hosting a World Cup 2014 event (Federation, 2014, Seidl, 2001). However, it is 

thought that overfishing and the secondary environmental degradation from tourism have 

left their viability as sustainable economic futures questionable for the area (Alho, 2011b, 

Trolle, 2003). 

2.4 Cerrado-Pantanal Faunal Species 

2.4.1 Species Characteristics 

These unique biomes support a diverse and abundant faunal community and boast 

the highest level of Neotropical diversity and Neotropical mammal populations (over 520 

different species) in the world (Caceres, 2008, Fischer, 2003). Amphibians list 200 

species for the Paraguay River Basin and 135 native species in the Pantanal and 25 

endemic, 40 species of anuran amphibians. Reptiles list 167 species for the Paraguay 

River Basin and 30 endemic species in the Cerrado-Pantanal with 63 snake species, 25 

lizard species, 3 turtle species, 2 crocodilian species and 2 amphisbaena species. 

Mammals list 194 species for the Cerrado and 93 species for the Pantanal, with 14 

endemics. Invertebrate species have yet to be fully recorded and estimates are as high as 

20,000 species for this rich biodiverse region (Alho, 2011a, Encyclopedia, 2011, Junk, 

2006). Bird surveys of the region list 444 species in the Pantanal and 837 species in the 
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upland Cerrado, but it is estimated that between 600 and 700 species of migratory birds 

use this biome as a winter stopover of the Central Brazil, Rio Negro and Cis-Andean 

regions greatly increasing these numbers (Alho, 1988, Alho, 2001a). The Pantanal 

wetland serves as a distinct region for waterfowl that include 19 parrot species, 13 heron 

and egret species, 6 ibis and spoonbill species, 5 macaw species, 5 kingfisher species and 

3 stork species (Alho, 1988).  

Due to the location of these biomes in southwest Brazil, stacked below the 

Amazon biome on the South American continent and away from the major population 

centers along the eastern seaboard, the region serves as a major habitat for numerous 

species typical to this distinct region but also those who have been forced to relocate with 

increasing development and habitat loss. Thus, this region has become a refugia to 

numerous faunal species. There exists high migration through the Cerrado-Pantanal 

region due to remnant dense forest fragments that are less frequent in the more developed 

eastern part of the country. Additionally, with the high spatial and temporal variability of 

the seasonal rain pulse and flood pulse, many species migrate to the lower Pantanal River 

Basin to avoid flood waters of the upper basin and to forage on the rich explosion of 

floral species whose growth is timed with the onset of the rainy season (Caceres, 2008, 

Fischer, 2003).  

Most notable fauna are jaguar (Panthera onca), giant anteater (Myrmecophaga 

tridactyla), coati (Nasua nasua), blue hyacinth macaw (Anodorhynchus hyacinthinus), 

jabiru stork (Jabiru mycteria), anaconda (Eunectes sp.), the infamous piranha 

(Serrasalminae), caiman (Caiman crocodulus), common-boa (Boa constrictor), southern- 

crested caracara (Polyborus plancus), 6-banded armadillo (Euphractus sexcinctus), great  
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Table 1. Cerrado-Pantanal Common Mammal Species  

Common Name Scientific Name IUCN Habitat 

Black howler Alouatta caraya LC forest5 

Pantanal Deer Blastocerus dichotomus VU marsh5 

Southern naked-tailed armadillo Cabassous unicinctus LC Cerrado3 

Brazilian guinea pig Cavia aperea LC Cerrado3 

Black-striped capuchin Cebus libidinosus LC Cerrado3 

Crab-eating fox Cerdocyon thous LC Cerrado5 

Maned wolf Chrysocyon brachyurus NT Cerrado3 

Agricol's gracile opossum † Cryptonanus agricolai DD Cerrado2 

Lowland paca Cuniculus paca LC forest, gallery3 

Azara's Agouti Dasyprocta azarae VU forest, Cerrado, marsh5 

Nine Banded armadillo Dasypus novemcinctus LC Cerrado5 

White-eared opossum Didelphis albiventris LC gallery, Cerrado2 

Tayra † Eira barbara LC Cerrado5 

Six banded armadillo Euphractus sexcintus LC forest, Cerrado5 

Lesser grison Galictis cuja LC Cerrado1 

Gracile opossum Gracilinanus agilis LC Cerrado2 

Capybara Hydrochaeris hydrochaeris LC marsh, river5 

Ocelot Leopardus pardalis LC forest5 

Neotropical otter Lontra longicaudis LC river1 

Hoary fox Lycalopex vetulus LC Cerrado3 

Red brocket deer Mazama americana DD forest5 

Brown Brocket Deer Mazama gouazoubira LC Cerrado5 

Gray short-tailed opossum Monodelphis domestica LC Cerrado2 

Pygmy short-tailed opossum Monodelphis kunsi LC Cerrado2 

Short-tailed opossum Monodelphis spp. LC Cerrado5 

Giant anteater Myrmecophaga tridactyla VU forest, Cerrado, marsh5 

South American coati Nasua nasua LC forest5 

Pampas deer † Ozotoceros bezoarticus NT Cerrado5 

Jaguar † Panthera onca NT marsh, Cerrado3 

Collared peccary Pecari tajacu LC forest, Cerrado, marsh1 

Giant armadillo † Priodontes maximus VU forest5 

Crab-eating racoon Procyon cancrivorus LC Cerrado5 

Giant otter Pteronura brasiliensis EN river5 

Cougar Puma concolor LC Cerrado5 

Jaguarundi Puma yagourundi LC Cerrado4 

Brazilian cottontail Sylvilagus brasiliensis LC Cerrado3 

Collared anteater Tamandua tetradactyla LC forest, Cerrado5 

Brazilian Tapir Tapirus terrestris LC Cerrado5 

White-lipped peccary Tayassu pecari VU gallery, Cerrado5 

† increasingly rare or uncommon with conservation threat   
1From Cáceras (2008a,b) 4From Junk (2006)   
2From Cáceras (2010a) 5From Trolle (2003)   
3From Cáceras (2010b)    
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armadillo (Priodontes maximus), collared anteater (Tamandua tetradactyla), capybara 

(Hydrochaeris hydrochaeris) and the crab-eating fox (Cerdocyon thous) (Table 1) 

(Fischer, 2003, Hannibal, 2014, Seidl, 2001). 

2.4.2 Species Life History Traits 

Mammals 

Artiodactyla 

White-lipped Peccary (Tayassu pecari) & Collared peccary (Pecari tajacu) are 

social frugivorous-omnivore ungulates that exhibit nocturnal and diurnal habits and 

forage on fruit, herbs and small vertebrates and invertebrates. The species utilizes both 

forest and open habitats and are highly dependent on the heterogeneous xeric shrubland 

matrix of the Cerrado and Pantanal. Home range extends from 1500-10,000 ha and 

dispersal is male dominated spanning 150 km2. They exhibit a wider home range in the 

wet season than dry, when reduced water availability restricts movement. Herds can 

range from 20-100 individuals with populations in the Cerrado averaging 75 members 

and can often exceed 300 with ample food supplies. The species will often travel in 

subgroups of 5-10 using dense forest cover for shelter and open habitat for foraging. 

They are considered ecosystem engineers for their foraging strategies and are important 

prey species for jaguars (Blondo, 2011, Jácomo, 2013, Trolle, 2003).  

In more recent years in the highly converted Cerrado-Pantanal region to 

agriculture and pasture land, the species has shown a shift in home range and foraging 

strategies. The species extensively feeds on cash crops (mainly corn but also soybean, 

sorghum and millet) and is considered a crop raider in the local community. The species 

feeds on crops in the dry season when preferential crops are in full harvest (corn and 
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soybean) and disperses in the wet season in search of more natural fruiting plants of the 

gallery forests when undesirable crops are harvested (millet wheat and barley). The 

species has shown a significant adaptability to habitat fragmentation and highly altered 

landscapes but a sensitivity to anthropogenic impacts has been observed more recently, 

especially hunting pressure from farmers defending their economic gains. Both species 

are now considered highly common in Pantanal due to resource availability, yet the 

white-lipped peccary is listed as Vulnerable on the IUCN Red List due to habitat loss and 

the CITES Appendix 2 for illegal fur trade (Biondo, 2011, International, 2015, Jácomo, 

2013, Trolle, 2003).  

Pampas Deer (Ozotoceros bezoarticus), Brocket Deer (Mazama sp.) & Marsh 

Deer (Blastocerus dichotomus) are terrestrial Cervids that depend upon the marsh habitat 

of the Cerrado and Pantanal and forage on native grassland species and aquatic 

vegetation. Due to clearing of the native habitat and land conversion for agriculture and 

cattle ranching the region has become highly fragmented. Currently the marsh deer is 

listed as Vulnerable and the Pampas deer as Near Threatened on the IUCN Red List 

(International, 2015, Trolle, 2003, Harris, 2005).  

Carnivora  

Canidae 

Crab-Eating Fox (Cerdocyon thous) are small canids measuring 4-13 kg in size. 

The species are nocturnal opportunistic omnivores foraging on small mammals and 

rodents, birds, insects, frogs, snakes and lizards, turtle eggs, fruits and aquatic crustacean 

and mollusk species contributing to its naming. The species shows a wide distribution (5 

km2) in grassland, open Cerrado savannah and gallery forest habitat throughout the 
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entirety of the Cerrado biome. The species adapts easily to deforestation and shows a 

preference for agricultural and cattle ranch lands with high disturbance. In the Cerrado-

Pantanal, the species is most often found in association with remnant gallery forest and 

along the edges of livestock pasture and utilizes fragment edges as corridors for 

movement (de Carvalho, 2014, de Souza, personal communication, 2015, Pedó, 2006, 

Trolle, 2003).  

Though, in the highly fragmented landscape of this region, the opportunistic 

species lives in close proximity to humans and forages on the most abundant food 

resource, including human food and carrion sources. Movement through the urbanized or 

converted habitat fragments often brings the species into conflict with humans. The 

species uses the artificial habitat of the road verge as corridors for movement and will 

forage on wildlife killed along the roadway. Due to the species being light-inhibited, 

meaning that the species will freeze with movement and light to avoid predation, these 

foxes are often the victims of collisions. The species is predominantly the most frequently 

hit faunal species of the roads surveyed throughout the Cerrado biome (Cáceras, 2008b, 

2010a, de Carvalho, 2014, Pedó, 2006, Trolle, 2003).  

Maned Wolf (Chrysocyon brachyurus) are the largest canid in South America, 

standing 70-90 cm in height and 20-30 kg in weight. The species are opportunistic 

omnivores foraging on fruit, birds, reptiles, rodents and other small vertebrates. 

Currently, the species is listed as Near Threatened on the IUCN Red List in the Cerrado-

Pantanal biome (International, 2015, Jácomo, 2009, Vynne, 2014).  

Felidae 

Ocelot (Leopardus pardalis), Cougar (Puma concolor) and Jaguarundi (Puma 
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yagouaroundi) are nocturnal felid carnivores common in the Cerrado-Pantanal. The 

species frequent non-inundated grassland habitat of savannah grasslands and pasture 

lands to forage for small mammals such as agoutis, armadillos and peccaries and use the 

closed Cerrado and gallery forests for resting. More recently, the species have shown a 

home range shift to wooded vegetation in proximity to human settlements. All three cat 

species are listed as Least Concern on the IUCN Red List but have been placed on the 

CITES Appendix I for the jaguarondi and Appendix II for the ocelot and cougar to 

protect against illegal pet trade and fur trade (Convention, 2015, International, 2015, 

Trolle, 2003).  

Pantherinae 

Jaguar (Panthera onca), the largest cat species in the Americas, are solitary 

opportunistic predators that feed on medium to large prey species feeding predominantly 

on the giant anteater (Myrmecophaga tridactyla) as well as Brazilian tapir (Tapirus 

terrestris), capybara (Hydrochaeris hydrochaeris), peccary species and opossum 

(Didelphidae). Home range is 150 km2 and the species is highly dependent on water 

bodies and uses dense riparian gallery forest patches for foraging which increases hunting 

success. They are known in the Cerrado-Pantanal region to selectively use domesticated 

cattle as a preferred food source and have shifted home range to locations of high 

intensity cattle ranching (Azevedo, 2012, Sollmann, 2013, Zeilhofer, 2014). The largest 

extensively managed cattle ranch in the Pantanal reported from 1993-1996, 1700 cattle, 

roughly 1/3 of their herd, killed by jaguars. For this reason, the species is hunted by 

ranchers in defense of their economic interests (Seidl, 2001).  

The species is federally protected by Article 1 of Federal Law 5197 which 
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considers wild species, offspring and their breeding areas property of the state though 

weak regulation and enforcement exists in favor of policy for agricultural and livestock 

advancements in the western regions of the country (Petracca, 2014, Seidl, 2001). 

Currently, the species is now thought extinct from the Cerrado habitat and the remaining 

viable populations are located only in the Pantanal and provide source dispersal to sink 

populations in the surrounding areas (Cáceras, 2010a). The species is listed as Near 

Threatened on the IUCN Red List and listed on the CITES Appendix I for habitat loss 

and top conservation focus (Convention, 2015, International, 2015).  

Giant Otter (Pteronura brasiliensis) are large social semi-aquatic mustelids that 

forage on crustacians, mollusks, reptiles, amphibians and water birds of the Pantanal. 

During the 1950’s-60’s, the species suffered devastating population decline due to 

excessive hunting for fur trade and was listed on the IUCN Red List as Endangered. More 

recently, populations have begun to rebound in the Pantanal (International, 2015, Ribas, 

2012, Silva, 2014, Trolle, 2003).  

South American Coati (Nasua nasua) are small diurnal omnivores that live in 

groups of up to 30 individuals in the riverine gallery forests and closed Cerrado forest 

habitat of the region. The species is threatened by deforestation as well as illegal pet trade 

in Brazil (Trolle, 2003, Emmons, 1997).  

Lagomorpha 

Brazilian Cottontail (Sylvilagus brasiliensis) are small nocturnal herbivores that 

dominate the Cerrado grasslands and open savannah. The species is often found in 

agricultural and pasture lands being drawn to the cultivated pasture and crop species for 

foraging (Emmons, 1997).  
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Perissodactyla 

Brazilian Tapir (Tapirus terrestris) are large (1 m in height, 2 m in length ranging 

from 200-250 kg in weight) terrestrial and semi-aquatic nocturnal herbivores that typify 

the marshlands and gallery forests of the Pantanal. The species serves as prey to caiman 

and large felid cats. The species is listed as Vulnerable on the IUCN Red List due to 

habitat destruction and for CITES Appendix II in association with skins trade. 

(Andrewin-Bohn, 2013, Cáceras, 2010a, Convention, 2015, Huijser, 2013, International, 

2015, Luxenberg, 2014, Trolle, 2008). Due to their large body mass and abundance in 

this region, the species has become a threat to drivers as collisions become more frequent 

with the species (Haddad, 2005).  

Primate 

Black Howler Monkey (Alouatta caraya) and Capuchins (Cebinae) are arboreal 

diurnal omnivores that forage on fruit and insects through the gallery forests and dense 

closed forest structures of the Cerrado and Atlantic Forests. Black howlers are common 

in Acurí forests, however the Cerrado has a low richness of arboreal mammals due to the 

lack of closed canopy continuous through the landscape (Cáceras, 2010b, Trolle, 2003). 

The man of these monkey species are listed on the CITES Appendix II for illegal pet 

trade (Convention, 2015).  

Rodentia 

Common Agouti (Agouti paca) and Azara's Agouti (Dasyprocta azarae) are small 

frugivorous that are prevalent in the gallery vegetation and open savannah of the Cerrado 

biome. The species forage on a wide variety of plant species and exhibit a wide home 

range in the dry season, depending highly on the fruit of the Acurí palm on the tree 
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islands of the Pantanal (Cid, 2013, Trolle, 2003). In previous years the Azara’s Agouti 

has been listed as Vulnerable on the IUCN Red List despite its current listing as Data 

Deficient. For the purposes of this study the species will be considered by its previous 

listing of Vulnerable. (Cáceras, 2008b, International, 2015). 

Capybara (Hydrochaeris hydrochaeris) are social semi-aquatic medium to large 

size herbivores standing 50 cm tall and ranging 50-60 kg in weight and are highly 

dependent upon water bodies. The social species grazes in groups more predominantly at 

night and forages on grasses, aquatic plants, and fruit. Home range can reach over 10 ha 

and dispersal is greatest with the seasonal rains from November to May as new 

vegetation and water is most widespread, while in dry season groups congregate around 

persistent water bodies. Troop size can reach 20 individuals yet the species will forage in 

subgroups of 4-5 individuals. The species is found in marsh habitat, open watersides of 

the Pantanal wetland but shows a selective preference to disturbed cattle ranch land and 

planted pasture and sugar cane agriculture of the Cerrado-Pantanal region. Due to the 

decrease of top predators in the region, their high reproductive rate and prevalent food 

sources in planted pasture and agricultural lands, populations in the region have grown 

considerably. Coupled with their high rates of movement and the fact that they do not 

avoid crossing roadway, they have become one of the predominant wildlife vehicle 

collision species. Their large size and group dynamic behavior poses a serious threat to 

drivers. As land conversion in this region continues, this threat may become of primary 

focus for road managers (Alho, 1987, Bueno, 2013, Huijser, 2013, Mones, 1986, Trolle, 

2003).  
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Xenarthrans  

Ten of 23 Neotropical terrestrial xenarthrans that are endemic to the Neotropics are 

found in the Cerrado biome, three of which are listed as vulnerable giant armadillo 

(Priodontes maximus), giant anteater (Myrmecophaga tridactyla) and the 3-banded 

armadillo (Tolypeutes tridacyla). The placental mammals are highly specialized and 

serve important ecological roles through nutrient cyclers and serving as prey for top 

canids and felid predators. Most members of this group are nocturnal with the exception 

of the carnivorous 6-banded armadillo (Euphractus sexcintus) (Zimbres, 2013). 

Marsupials show a successful adjustment in highly fragmented and disturbed landscapes 

of the Cerrado as seen in abundance studies of the region (Cáceras, 2010a).  

Giant Armadillo (Priodontes maximus) are large insectivore marsupials 150 cm in 

length and weighing 50 kg. The species serves as ecosystem engineers due to their 

specialized digging and burrows serve as shelter from predation as well as thermal 

regulators. Since the species only use their constructed burrows for no more than 3 days, 

they provide shelter from predation or for resting for numerous species. Currently, the 

species is considered rare in the Cerrado but shows low densities in the Pantanal. The 

species is listed as Critically Endangered on the IUCN Red List and the CITES Appendix 

I for illegal trade of tail and feet. This classification is mainly due to ranch workers 

killing them on sight due to legend that they bring bad luck (Convention, 2015, Desbiez, 

2013, International, 2015, Porfirio, 2012, Trolle, 2003).  

Giant Anteater (Myrmecophaga tridactyla) are large solitary nocturnal insectivores 

20-30 kg in size, are a ground dwelling species and can use their tail as a third appendage 

to assist in standing to reach termite nests in trees. The species is found in dry forests, 
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savannah and open grassland of the Cerrado biome. The species requires forested patches 

as part of their home range and have suffered greatly by the high rate of deforestation in 

this region. The species is sensitive to habitat fragmentation and anthropogenic 

disturbance and will alter diet and activity pattern in response. Little is known of their 

viability in highly fragmented landscapes. Currently the species is listed as Vulnerable on 

the IUCN Red List and CITES Appendix II for illegal fur trade (Casella, 2006, 

Convention, 2015, International, 2015, (Zimbres, 2013).  

Collared Anteater (Tamandua tetradactyla) are large nocturnal insectivores that feed 

on social ants and termites. The species is found in grasslands adjacent to gallery forests 

and transitional forests due to their ability to climb trees for foraging. In the Cerrado 

population density is 7 individuals per 100 ha and home range varies from 100- 375 ha 

depending on food resource availability (Fronta, 2012, Hayssen, 2011, Zimbres, 2013). 

6-banded Armadillo (Euphractus sexcintus) are diurnal carnivore-omnivore found in 

grassland and open Cerrado habitat. The species is adapted well to habitat alterations and 

will shift home range to disturbed agriculture and pasture land in association with human 

development. Due to the species opportunistic foraging strategy, often these locations 

offer easier food resource availability and the species is known to scavenge (Bird, 1999, 

Trolle, 2003, Zimbres, 2013).  

9-banded Armadillo (Dasypus novemcinctus) are solitary nocturnal generalists that 

are found in a variety of habitats throughout the Cerrado biome. The species adapts well 

to disturbance and will alter home range and foraging strategies in highly fragmented 

landscapes (Chapman, 1982, Schmidly, 2004, Trolle, 2003, Zimbres, 2013). 

Opossums (Didelphidae) are small to medium sized semi-arboreal omnivore 
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marsupials that live in a wide variety of habitats. The species tolerates disturbance well 

and is observed inhabiting lands adjacent to cultivation and human development 

(International, 2015).  

Carrion Birds 

Southern crested caracara (Caracara plancus), Black Vulture (Coragyps atratus) 

&Turkey Vulture (Cathartes aura) are diurnal scavengers that use their highly developed 

sense of smell to locate carrion food resources such as wildlife killed on roadways or 

dead fish along water bodies. The species are habitat generalists and roost in large 

community groups for the vultures and solitary for the caracara, in the closed canopy of 

the Cerrado. The turkey vulture shows habitat preference to Cerrado over Pantanal 

habitat. However, these diurnal scavenging birds will take advantage of food source 

availability and will inhabit the open areas and closed canopy artificial cordilherira of the 

roadway. These opportunistic species are not averted by traffic volumes and will forage 

on killed faunal on the roadway waiting till the last minute to hop away from danger. 

Thus, the grouping are frequently found in collisions clusters with other killed faunal 

species (Farmer, 2008, Birdlife, 2015, Cáceras, 2010b, Ratton, 2014a).  

Reptiles  

Yacare Caiman (Caiman yacare) are medium sized diurnal carnivore reptiles 

reaching 2.5-3 m full grown. The species are water dependent and forage highly on the 

abundant Pantanal fish diversity and on aquatic vertebrates and invertebrates depending 

on availability. They live in the various water courses that make up the extensive stream 

network of the Pantanal floodplain but have been observed in rice irrigation canals as 

well as the borrow ditches along roadways where fish abundance is great. Populations in 
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the Pantanal are estimated at 35,000,000. At the onset of the rainy season, the species will 

leave their home water bodies and travel long distances leaving them vulnerable to 

predation and conflict with humans. The species has been known to be predated upon by 

the giant otter as well as jaguars and other felid species. Currently, the species is listed on 

the IUCN Red List as Least Concern however is listed on the CITES Appendix II due to 

extensive illegal skin trade throughout the 1960’s and 70’s that persists today. The 

species remains under pressure and is supported in large by its fast reproductive rate and 

larger clutch size (~20-30 eggs). In more recent years the species has been explored for 

domesticated harvesting products such as hamburger and sausage meats (Azevedo, 2012, 

Convention, 2015, Crocodilian, 2012, International, 2015, Mourão, 1995, Fernandes, 

2013, Ribas, 2012).  

2.4.3 Cerrado-Pantanal Threatened & Endangered Species 

Despite the local abundance of numerous faunal species, many that are considered 

common for this region are in fact threatened globally as urbanization and modernization 

claim critical habitat (Table 1). Consequently, many Brazilian species have narrow 

habitat parameters that make them less adaptable to home range shifting outside of the 

country as pressures continue to increase. Thus, the Cerrado and Pantanal biomes provide 

the last breeding home range for many and conservation of this area may prove critical 

for persistence of the species globally (Alho, 2011a, Fischer, 2003). Additionally, this 

region serves as critical waterbird breeding territory and is thus of high importance for 

conservation as deforestation threatens gallery forest and as future navigation and 

damning of the Paraguay River for hydropower are proposed (Junk, 2006).  

At present, the area is extensively threatened by habitat conversion for 
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urbanization, mining, agriculture, cattle ranching and the transportation networks 

associated with these developments. Currently, only 5.5% of the Cerrado’s expansive 2 

million km2 is protected and the landscape remains highly fragmented. 5% of the 

Pantanal is protected yet conservation areas are isolated (Encyclopedia, 2011, Evans, 

2013, Fischer, 2003).  

2.5 Study Site 

Highway BR-262 is an east-west road 2300 km in length bisecting the South 

American Continent from the Atlantic coast of Brazil through Bolivia to the Pacific 

Ocean in Peru and encompasses four states in Brazil: Esprititu Santo, Minas Gerais, Sao 

Paulo and Mato Grosso do Sul (Figure 5) (Google Maps, 2015, Ratton, 2014b). The  

 

Figure 5. Map of BR-262 in the State of Mato Grosso do Sul, Southwest 

Brazil  

highway was part of a Brazilian policy to expand a farming network into the western 
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portion of the country and now serves as a trucking route linking the three countries 

(Casella, 2013). 

This study takes place in the state of Mato Grosso do Sul, a state approximately 

360,000 km² in size. Vegetation is deciduous and semi-deciduous forest with several 

transition zones between the Amazonian physiognomic zone, Cerrado savannah habitat, 

the Pantanal rich wetland, transitional forest and a small portion of Atlantic Forest biome 

to the south (Casella 2006, Cáceras, 2010b). The dominant economy is agricultural and 

more predominantly cattle ranching which has left the landscape highly fragmented 

(Figure 6) (Caceres, 2008, 2010).  

The study site is a 215km segment of highway BR-262 between the twin cities of 

Anastácio/Aquidauana (S 20° 29' 57.2" W 55° 48' 50.2") at the intersection of BR-419 

and the east side of the Paraguay River bridge (S 19° 31' 14.4" W 57° 25' 13.1") in the 

state of Mato Grosso do Sul, Brazil (Figure 5). The topography of the study area is of 

higher elevation in the eastern region at Aquidauana that is sited along the Campo Grande 

ridgeline, while the western section drops significantly into the Rio Paraguay Basin 

(Figure 3).  

2.5.1 Aquidauana & Miranda 

Aquidauana and its twin sister city Anastácio (herein solely referred to as 

Aquidauana) is a moderately sized city (70,000 inhabitants per 2010) located 145km west 

of Campo Grande. Campo Grande is the capital city of Motto Grosso do Sul state located 

in the southwest region of the state (Figure 5) and one of the largest cities comprised of 

765,000 inhabitants in 2010 (Caceres, 2012). Aquidauana lies on the Campo Grande 

ridgeline with a mean elevation of 192 mamsl and is typified by upland Cerrado habitat. 
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This region has been intensively ranched for cattle for decades with forest and pasture 

fragments in a mosaic across the landscape (Cáceras, 2010b, Seidl, 2001). Fragment size 

 

Figure 6. Land Use of Brazil’s Southwest Region  

in this region is most frequently 40-150 ha and no larger than 1000ha and isolation 
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between fragments can range from 0.1 – 1.7 ha which proved difficult for small and 

medium species to disperse across (Cáceras, 2010b). Cattle are ranched from fragment to 

fragment, being herded across BR-262 depending on availability of pasture land.  

Miranda is a small city (25,500 inhabitants) 70 km to the west of Aquidauana 

along BR-262. Upland elevation between Aquidauana varies between 180 mamsl and 280 

mamsl as the roadway travels through low-lying mountains. Miranda sits on the transition 

between upland Cerrado habitat and lowland mixed Cerrado-Pantanal wetland habitat 

with an elevation of 131 mamsl leading to a unique mix of habitat and climatic 

conditions. The town is bordered by the Pantanal wetland to the northwest and Cerrado to 

the east and south east. The Miranda River flows through the town in a north-south 

direction. Recently the town has experienced a flux of infrastructure development to 

support the agricultural and livestock production in this area (Brazil-Arab, 2013, de 

Souza, personal communication, 2015).  

2.5.2 Miranda’s Agricultural Lands 

West of Miranda, the matrix of rich Cerrado habitat and Pantanal wetland has 

been converted expansively to agricultural and livestock production. This region is 

typified by small cattle ranches utilizing the rich grasslands of the floodplain and 

agricultural production of soybeans, rice, beans, cotton and sugar cane in the alluvial 

soils. Development remains close along the BR-262 roadway and is bordered by low-

lying Pantanal wetland (85 mamsl), the Miranda River which flows through the 

expansive wetland to the north and by higher floodplain elevation (~100 mamsl) with the 

rise the Serra Bodoquena Morro Azeite and Morro Azul low-lying mountains (180 

mamsl) to the south (Figure 5). Fazenda San Francisco lies 30 km to the west of Miranda 
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and is an expansive rice farm on the north side of BR-262 extending into the Pantanal 

wetland.  

2.5.3 Pantanal Wetland 

Low-lying Pantanal flood basin lies to the western extent of the study region at 

~80 mamsl (Figure 5). Rich biodiversity typifies this region that take advantage of the 

rich alluvial soils of the Paraguay River Basin. Seasonal inundation drives species 

composition and inundates the region through the months of April to June. This 

expansive unimodal inundation then results in relatively low land conversion for 

economic production in this western region with cattle ranching remaining subsistence 

and thus biodiversity flourishes. The vast water fowl and wildlife can be seen grazing in 

wetlands throughout the year. The low elevation of this region and seasonal flooding 

required that BR-262 be constructed as a causeway 4m above the surrounding wetland 

with frequent bridges and culvert structures. The South Pantanal State Park (Figure 5), 

lies around 120 km of the old BR-262, referred to the “Estrada Boiadeira”, meaning 

“The Cowboy Road”, before it was redesigned and rerouted to the south. The roadway 

consists of 71 elevated bridges over the many waterbodies and has become a popular 

destination for ecotourism (Ecology, 2015). The Buraco das Piranhas or Hole of 

Piranhas, a well-known faunal observation point for many travelers that is a notable for 

its Yacare caiman population, sits at the intersection of the park road (EPP) and BR-262 

102 km west of Miranda (Pantanal, 2006).   

2.6 History and Development of BR-262 

Originally the road from Campo Grande to Corumbá at the Bolivian border 

(Figure 5), ran through the Pantanal wetland consisting of numerous wooden bridge 
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structures and was only passable during the dry season when flood waters had receded. 

Most travel was done in the region on foot, via boating on the extensive stream network 

or primitive dirt roads. As economic development grew in the region, a demand for a 

more extensive transportation infrastructure to support crop exportation brought forth 

road improvements. Prior to the 1980s, the section of road from Aquidauana to Corumbá, 

was poor, without pavement and flooded annually with the wet season. From 1982 to 

1986, the road was rerouted to the south on higher elevation lands from the existing 

roadway through the South Pantanal State Park (Figure 5) and was paved. Further 

improvements were made between 1996-1998 which included raising the road above the 

surrounding landscape and the installation of bridges and culverts (Casella, 2013, 

Ecology, 2015). Construction was conducted by excavating soils surrounding the road to 

create the raised roadway 4 m above the surrounding wetland in the Pantanal resulting in 

borrow ditches or ponds lining the roadway at various sections (Seidl, 2001, BR262, 

2013). Subsequently, this raised roadway then mimicked the cordilherira or tree islands 

of the marsh and grassland habitat and large trees and woody vegetation began to 

colonize along the roadway.  

At present, the study segment of BR-262 is a two lane paved highway with 

roughly 1.5 m of shoulder pavement bordered by 4 m of road verge that is maintained 

only in urban sections of the highway. In the more rural western sections of the road, the 

surrounding habitat touches the pavement (de Souza, personal communication, 2015).  

Currently, two concessions for improvements to 376 km of the eastern extents of 

BR-262 totaling US $835 million have been set for restoration, maintenance, road 

widening and other improvements in an effort to enable agriculture and livestock 
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production in the west to reach ports on the Atlantic coast faster. These improvements 

will provide a greater link between the rural production lands of Mato Grosso do Sul and 

the east coast markets, further increasing traffic and vehicle speeds and, therefore, 

proportionally increasing wildlife-vehicle collisions (Brazilian-Arab, 2013, BN, 2013). 
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CHAPTER 3 LITERATURE REVIEW 

3.1 Road Ecology 

Roads move people, goods, and services around the globe, yet this expansive 

network poses a significant threat to the natural environment (Clevenger, 2006). Roads 

are vectors of socioeconomic development and are vital for the growth of a country, yet 

studies worldwide have shown that roads often lead to habitat degradation and the loss of 

ecological processes at the population, community and ecosystem levels. Roads decrease 

connectivity and reduce permeability resulting in barrier effects, reduced genetic change, 

shifts in density and sex structure and increases in the pressures against population 

viability (Bager, 2013, Bissonette, 2008, Cáceras, 2010a, Caro, 2014). Further, the 

construction of roads modifies habitat conditions leading to microhabitats with altered 

acoustic, light and climatic conditions and creates new environmental features, such as 

artificial roadside corridors, with irregular occupation and often typified by secondary 

vegetation (Fisher, 2003). Additionally, construction of roadways leads to exotic 

dispersal that facilitates the incursion of weeds and disease, pollution and further 

environmental degradation (Coelho, 2008, Fisher, 2003).  

As road construction has been implemented in rural areas, connecting these 

regions to urban centers, great levels of migration have followed to take advantage of 

new frontiers. Rural areas then experience a high degree of deforestation as lands are 

converted for habitation and industries such as agriculture, timber and livestock 



40 

production, mining for natural resources, biofuel production and hydroelectric power 

(Ferreira, 1994, Seidl, 2001). This deforestation creates small isolated fragments of 

natural and converted habitat across the landscape. This altered landscape thus creates a 

mosaic of resources arranged heterogeneously across the habitat network which forces 

wildlife to move to maintain connectivity with resources. The resulting movement across 

a patchy habitat impacts ecological processes, individual fitness and population structure 

while altering life history, foraging dynamics and species diversity (Bissonette, 2008, 

Cáceras, 2011, van der Ree, 2007). Habitat fragmentation is the leading cause of flora 

and fauna species and population issues due to the difficulty maintaining minimum viable 

populations. Nested subsets of communities are part of a broader community that are 

living in small habitat fragments across the landscape mosaic, thus metapopulations in 

these highly fragmented landscapes exhibit high levels of instability where local 

extinction is common (Cáceras, 2010b). Urban areas and areas of high anthropogenic 

change exacerbate this threat (Teixeira, 2013c). 

Since fauna species have varying requirements for habitat range, this 

fragmentation has greater ramifications for certain species over others, especially in more 

rural and suburban areas where home ranges are largest (Cáceras, 2011). Fragment size is 

of critical importance in determining diversity and richness patterns especially where 

mammal species loss is greatest in small fragments. Open areas and forest edges act as 

barriers for many species from mobility as many small and medium fauna species avoid 

crossing land spans of open habitat and risk predation. Arboreal species are extremely 

impacted by fragmented landscapes as canopy means of corridor movement are greatly 

impeded and frequently species are forced to leave safe forested structure and cross 
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fragments on the ground and often in contact with roadways (Cáceras, 2010a). Most 

importantly, this movement leads to a greater level of wildlife mortality (van der Ree, 

2007). 

As these areas are further threatened by global development, the natural 

environment and its biodiversity are at greatest risk (Clevenger, 2006). Therefore, future 

transportation planning policy needs to better consider the direct, indirect and invisible 

effects of roads.  

3.2 Wildlife-vehicle Collisions 

Beginning in the 1980s, studies in the United States, Europe and Australia have 

investigated the impact of roads on the natural environment. Out of this era, a movement 

of road system planning was developed to assess the extent of detrimental effects that 

road systems create and to develop mitigation measures that seek to conserve ecosystems 

fragmented by these systems (van der Ree, 2007).  

One aspect of this new field of road ecology addresses the causes of mortalities of 

wildlife on road systems, with small to large wildlife being equally vulnerable. It has 

been estimated that there were 1.5 million wildlife-vehicle collisions which occurred in 

the United States for the 2002 year alone resulting in 150 human fatalities and $1.1billion 

in damages (Clevenger, 2006). Yet, the damage to ecosystems and its vulnerable wildlife 

is often overlooked. At a global level, wildlife-vehicle collisions exceed hunting, 

especially for vulnerable threatened and endangered species, and exceed natural mortality 

(Clevenger, 2006, Coelho, 2008). Collisions are dependent upon a suite of factors ranging 

from the size of the fauna to the characteristics of the landscape to the customs of the 

driver. Studies have shown these collisions are spatially clustered, typically around 
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wildlife’s home range, corridors of movement and abundance distribution. Other factors 

in these collisions include local topography, vegetation, traffic rates, road construction, 

vehicle speeds and road verge mechanics. Collisions are often dependent on breeding and 

recruitment seasonality of species abundant in ecosystems fragmented by roadways and 

by the seasonality of the region. Collisions have been found to coincide with agricultural 

harvest and other production related timeframes as well as foraging habits of the species 

themselves (Bager, 2013, Bissonette, 2008, Cáceras, 2010a, Coelho, 2008, Fisher, 2003, 

van der Ree, 2007). Despite this understanding, knowledge is infrequently applied to 

transportation planning. 

Many studies of North America and Europe focus on large mammal species, 

namely deer, moose, elk and bears, yet Brazil has few comparative large species and a 

larger predominance of small to medium species. The difference in biomass of vulnerable 

species for these road ecology studies then makes the lessons learned less applicable in 

Brazil. There has been a lack of understanding as to the parameters involved in collisions 

in Brazil due to the differences in habitat, seasonality and natural history characteristics 

of native species. However, more recently, there has been an increase in research 

observing the effects of Brazil’s expansive network of roads and the specific and 

significant role they have in affecting this country’s great wealth of biodiversity 

(Barcellos, 2013, Bueno, 2013, Casella, 2006, Catella, 2010, Cáceras, 2010a, 2010b, 

2011 2012, Coelho, 2008, 2012, de Carvalho, 2014, de Souza, 2014, Fisher, 2003, 

Huijser, 2013, Jambersi, 2013, Melo, 2007, Truci, 2009, Teixeira, 2013a).  

In Brazil, collision frequency is higher on roads with greater traffic rates, however 

more rural roads with low traffic volumes that cut through critical flora and fauna habitat 
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or along protected areas show alarming collisions rates and loss of species. In these 

regions, the roadway pressures threaten species differently leaving some more vulnerable 

than others (Cacella, 2006). Many of these road ecology studies measure the magnitude 

of and species lost through wildlife human conflicts on roadways, yet few relate road 

ecology to conservation planning (Cáceras, 2012). 

Additionally, categorizing the temporal and spatial characteristics of wildlife-

vehicle collisions with the assistance of geospatial programs and modeling has added a 

new aspect to analyses. Remote sensing and GIS analyses have been able to show 

linkages between land cover, land use, faunal corridors of movement, topography and 

other landscape dynamic factors and collisions (Casella, 2006, Clevenger, 2002). This 

new focus can provide insight to planning of new roads with considerations of how the 

surrounding landscape can affect faunal species as well as the effect roads will have as 

landscapes continue to change over time through probabilistic indices (Casella, 2006). 

This latter application provides paramount support for the Cerrado-Pantanal region as 

agricultural and ranching pressures continue to increase native land conversion.  

3.3 Spatial Clustering of Wildlife-vehicle Collisions 

These collisions are most often clustered into concentrated hotspots rather than 

occurring randomly across roadways (Cáceras, 2012, Clevenger, 2003, Teixeira, 2013a). 

Thus, certain areas and times are more susceptible to incidence of occurrence. Wildlife-

vehicle collisions are driven by a wide suite of factors. Physical mechanics of the 

roadway and road footprint such as the width, length, layout, slope, speeds and condition 

of the roadway have a great effect on the vulnerability of wildlife to drivers (de Carvalho, 

2014, van der Ree, 2007). Road verge characteristics such as vegetation on or along the 
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roadway, artificial habitats, growth of foraging floral species on the road verge and use of 

the road verge as corridors additionally affect collision frequency and location. Roadway 

factors relating to driver behavior such as layout of roadway, degree of sinews, slope, line 

of sight, visibility and speed affect the driver’s ability to avoid collisions with fauna 

(Clevenger, 2003, Hobday, 2008, van der Ree, 2007). In fact, high speed is considered 

one of the top factors affecting occurrence of collisions due to driver reduced response 

time (Hobday, 2008, Glista, 2009).  

Construction of roadways and the alterations to the natural landscape around the 

roadway can create hotspots of collisions (Seidl, 2001). Landscape characteristics such as 

existing wildlife corridors along water courses and forest cover adjacent to the roadway, 

land use and habitat fragmentation have a great effect on collisions and their spatial 

clustering. Clustering of collisions depends on biological factors of wildlife such as 

population density, abundance of species, migratory patterns through home range, diet, 

foraging strategies, temporal activity and predator-prey interactions (Cáceras, 2012, 

Hobday, 2008). Additionally, collisions can peak at temporal times of year and between 

years associated with biological factors such as variations in rainfall affecting resource 

availability, the timing of mating season and years of larger clutch sizes resulting in 

greater recruitment of viable juveniles (Cáceras, 2012). The temporal clustering of 

collisions can also be affected by anthropogenic factors such as fire, agricultural 

harvesting, vacations and peak traffic flows. Species may alter their spatial home range, 

foraging strategies and activity times in response to anthropogenic disturbance leading to 

heightened collisions and clustering in distinct spatial and temporal locations (Hobday, 

2008).  
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3.4 BR-262 Road Dynamics 

3.4.1 Wildlife-vehicle Collisions Rates 

Wildlife vehicle collision rates for BR-262 are typically higher than other regions 

of the country due to the great abundance of faunal biodiversity having large home ranges 

along the roadway. Also, much of Brazil’s eastern region has experienced intensive 

development and the Cerrado-Pantanal biome serves as final refugia for many species. 

Fisher (2003) compared a decade of collisions from 1992 to 2002 of 1350 km of federal 

highways surrounding the Pantanal. It was found that the rate of 0.0074 individuals/ km/ 

month in 1992 increased eight fold to 0.499 individuals / km/ month in 2002. Similar 

studies of the Cerrado-Pantanal region and around the country found rates ranging from 

0.003 to 0.460 individuals/ km/ month (Table 2). These alarming rates of lost  

Table 2. Brazilian Wildlife-vehicle Collisions Rates  

Studies indiv/km/m Roads 

Pereira (2006) 0.003 PA-485 

Cherein (2007) 0.008 BR-116, BR-282, BR-470 

Ferriera de Cuhina (2010) 0.014 GO-060 

Caceres (2010) 0.064 BR-262 Campo Grande - Miranda 

Turch & Bernarde (2009) 0.078 RO-383 

Rosa & Mauhs (2004) 0.082 RS-040 

Melo (2007) 0.134 BR-070 

Fischer (1997)  0.180 Western Cerrado 

Barcelos (2013c)  0.181 BR-262 Aquidauana - Corumbá 

Fischer (1997)  0.190 Pantanal 

Prado (2004) 0.190 Eastern Cerrado 

Coelho (2008) 0.210 RS-389 

de Carvalho (2014) 0.262 MS-080 

Coelho (2008) 0.460 BR-101 

 

3.4.2 Parameters Influencing Collisions on BR-262 

Roads that run along or bisect critical habitat and protected areas often show a 
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higher collision rate due to the great abundance of fauna in these regions (Bager, 2010, 

Cacella, 2006). The western extent of the Pantanal biome, where the Paraguay River 

bottlenecks through a relatively narrow topographic region results in intensive unimodal 

flooding that has prevented extensive development. Due to this, the region stands as last 

refugia to many wildlife species and suffers greatly from collisions on BR-262 that 

bisects this critical habitat. Consequently, the highly fragmented landscape of the Cerrado 

biome has suffered greatly from elevated rates of collisions from roadways that interfere 

with species home range movement (Bueno, 2013). 

Often times the ways in which species interact with the landscape and roadway 

determines their vulnerability to collisions. Many of the species of this region utilize the 

gallery forests along the expansive stream network for corridors of movement, safety, and 

resting habitat from the summer time temperatures. As land conversion for economic 

development has taken place, the habitat has become fragmented and gallery forests 

isolated. Medium and large mammal species will travel long stretches of uncovered 

savannah and pasture land between suitable habitats, often coming in conflict with the 

roadway resulting in collisions (Cáceras, 2010a, Casella, 2006). Conversely, small and 

medium mammals are most effected due to smaller home range and their likelihood to 

frequently cross roadways as they move within this landscape mosaic (Bueno, 2013). 

Many species in response to this anthropogenic disturbance have altered habitat and are 

found in collisions outside of historic life history habitat use. Armadillo, peccary, anteater 

and opossum species are found in collisions associated with cattle ranching and cash crop 

agricultural lands due to food source availability (Seld, 2001, Zimbres, 2013). 

Additionally, typical upland Cerrado species such as the armadillos and anteaters, have 
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shown a prevalence in urbanized areas and thus higher frequency in collisions in these 

regions (Cáceras, 2012, de Carvalho, 2014). Species such as the crab-eating fox which 

utilize the artificial habitat of the roadway are found in collisions due to their frequency 

on the roadway (Cáceras, 2012).  

For many mammal species, diet is a significant parameter in determining threat of 

collisions. Often omnivores are more vulnerable than carnivores and herbivores to 

collisions due to their opportunistic foraging strategies (Cook, 2013). Consequently, 

scavenging species that feed on fauna killed on the roadway such as caracara and vultures 

as well as the crab-eating fox and the 6-banded armadillo will often be killed on the 

roadway while foraging (Farmer, 2008, Bird, 1999, Cáceras, 2008a, Pedó, 2006).  

Most of the species of this region exhibit nocturnal habits in native habitat, yet 

due to the great degree of anthropogenic land conversion of this region, many of the 

species show an altered mixed diurnal-nocturnal behavior with heightened crepuscular 

frequency when visibility of drivers on the roadway is most compromised (Casella, 

2006). This alteration to habit often brings species into contact with the roadway during 

daytime activities when traffic volumes are greatest. Light-inhibited species such as the 

crab-eating fox and giant anteater are at highest vulnerability to collision due to their 

freezing tactic to avoid predation. Despite the fox’s agility and ability to avoid predation, 

the species is active at night and often travels or forages along the roadway and will 

respond to oncoming vehicle headlights by freezing, thus resulting in high frequency of 

collisions (Cáceras, 2011). 

Seasonality of a given habitat has a significant effect on wildlife-vehicle 

collisions affecting species spatially as well as temporally (Caceres 2012). Collisions in 
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Northern Brazil are correlated to the agricultural harvests during the dry season when 

more vehicles are on the roadway while Central and Western Brazil have higher 

collisions in the rainy season due to species being greatly affected by the seasonal rains in 

this region (Cacella, 2006). In the Cerrado-Pantanal region, large cats and carnivores 

show a spatial difference in habitat use and thus collisions are located in varying loci 

throughout the year (Caceres, 2012). The breeding season, when searching for mates and 

recruitment to new habitats is high, will have a greater rate of collisions than the dry 

season, when resources are scarce and species are forced to expand home range for 

foraging (Cáceras, 2012). The Yacare caiman suffers greatly from collisions in their 

region with the onset of the seasonal rains as the species travels long distances in 

conjunction with mating and nesting habits (Azevedo, 2012). Consequently in dry season, 

many species that are water dependent will shrink their home range to stay in close 

proximity to year round ponds and lakes as ephemeral wetlands dry and disappear 

(Damasceno-Junior, 2005, Junk, 2006).  

Species commonly found killed on roadways of the Cerrado-Pantanal region 

include the capybara, Yacare caiman, crab-eating fox, the giant and collared anteaters, 

crab-eating raccoon, 6-banded and 9-banded armadillos, red legged seriema, marsh deer, 

yellow anaconda, common ameiva and the great reah, which many are highly common 

species of this region (Table 1) (Barcelos, 2013c, Carvallo, 2014, Casella, 2006, Cáceras, 

2011, 2012, Fischer, 2003). However, species that share this same habitat, such as the 

maned wolf, giant otter, tapir, peccary and felid species, many of which are threatened or 

CITES listed species, are less frequently represented in collision studies due to agility in 

escape or roadway avoidance (Cáceras, 2012, Trolle, 2003). Despite their representation 
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in collision studies, their vulnerability to the biological and physical effects of roadways 

and the anthropogenic development linked with their construction remain.  

The speed limit of BR-262 for the majority of the study area is 80 km/ hr, yet due 

to its linear layout and lack of enforcement, drivers are able to travel at speeds well above 

the posted limit (de Surza, personal communication). In this, reaction time of drivers is 

greatly reduced as well as wildlife’s ability to avoid collisions (Barcelos, 2013c, Hobday, 

2008).  

3.4.3 Cerrado and Pantanal Regional Studies 

 Fischer (2003), found that wildlife-vehicle collisions of 1350 km of roadways 

from Cáceras to Corumbá surrounding the Pantanal biome had increased 8-fold in a 10 

year span (1120 collisions/yr. in 1992 to 8090 collisions/yr. in 2002). It was estimated 

that collisions for the time of the study of roads of the Cerrado and Pantanal biome were 

roughly 15,000 collisions annually, with 10,000 for mammals alone. In a study of BR-

262 from Campo Grande to Corumbá (Figure XX), Fisher found of species killed on the 

roadway, 16 species were listed as threatened and endangered on the IUCN Red List 

(Fischer, 2003).  

Cáceras (2012), in a study of BR-262 from Campo Grande to Aquidauana (Figure 

5), found the crab-eating fox, 6-banded armadillo, giant anteater, 9-banded armadillo and 

the collared anteater as the most common species affected. The crab-eating fox was most 

frequently hit in the dry season, Cingulatas such as the collared anteater and 9-banded 

armadillo were most frequent in the wet season and the 6-banded armadillo and mammals 

such as the giant anteater were equally vulnerable throughout the year. Yet, spatially, the 

anteaters were hit more frequently near Miranda and the 9-banded armadillo near water 
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bodies and the giant anteater and the crab-eating fox were found to be hit in relation to 

each other throughout the study area showing a common habitat preference. Seasonally, 

November to March showed a peak in collisions for the crab eating fox, 6-banded 

armadillo and other armadillo and anteater species, while May and July showed unique 

peaks for both the crab-eating fox and the giant armadillo. In this, it was found that 

seasonality played a greater role than traffic volume in collisions on this roadway. The 

study also showed the spatial orientation of collisions near protected / critical habitat of 

the Pantanal, which suggests the importance in mitigation efforts for conservation in this 

highly pressurized region (Cáceras, 2012). 

de Carvalho (2014), in a study of MS-080 that extends northward from Campo 

Grande through upland Cerrado habitat to Rochedo (Figure 5), found that birds were 

most vulnerable on the roadway, with the Red-legged seriema (Cariama cristata) most 

frequently hit (n=33) followed by the crab-eating fox (n=21) and 6-banded armadillo 

(n=12). It was found that collisions were highest in April and lowest in August, with the 

majority of collisions occurring in proximity to Campo Grande where the roadway is 

long, straight and down sloping encouraging higher velocities for the vehicles and 

comprised of habitat suitable for foraging on the road verge.  

3.5 Mitigation  

In North America and Europe, mitigation is aimed at minimizing human threat 

and damages resulting from a narrow range of large ungulate species (Badger, 2010). In 

the United States in 1998, ~1 million wildlife-vehicle collisions resulted in 211 human 

fatalities, 29,000 human injuries and US$1bil dollars in damages (Huijser, 2009, Niemi, 

2014). Cost-benefit analysis looks at the threshold value for where the cost of 
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implementation of mitigation structures and programs exceeds the dollar value of direct 

and indirect costs of collisions. However, these studies lack the valuation of loss to 

biodiversity or ecosystem services (Huijser, 2009). Mitigation often focuses on 

addressing species that pose a threat to humans rather than species with low population 

survivability probability or species which are critical for biodiversity in ecosystems 

(Huijser, 2009, Teixeira, 2013c). Mitigation in Brazil is focused on conservation of a 

larger range of species, many of which are small to medium in size, with limited budgets 

(Badger, 2010). However, mitigation is reactionary rather than being proactive informing 

road planning (Hobday, 2008). Environmental Impact Studies of roadways in Brazil only 

look at the impacts from the direct road footprint and rarely legitimize the indirect effects 

that roads have on community structure, fragmentation, migration and deforestation 

(Barni, 2015). These studies do not take into consideration collisions or cost benefit 

analysis in planning (Huijser, 2009).  

Since there is such variability across the globe in success and effectiveness of 

mitigation structures, efforts should be made to address the specific needs of the species 

of concern and the local biological and physical characteristics of the landscape. 

Mitigation should be S.M.A.R.T. – Specific, Measurable, Achievable, Realistic and 

within a specific Timeframe (van der Ree, 2007). Mitigation efforts must then take into 

question whether the negative effects of the road are being reduced to the degree that the 

rate of collisions in the local population is acceptable. If road construction and 

management agencies are addressing the negative effects of roads and traffic yet wildlife 

populations and/or target species are still in decline despite the observed use of crossing 

structures, these parameters suggested by van de Ree should be revisited. 
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Mitigation efforts may often be mismatched due to discrepancies between 

observed and biological distribution with disturbance or stress to the species (Lomolino, 

2004). Correct placement of mitigation structures is often challenging to match the needs 

of the community and stresses the need for knowledgeable biologists and wildlife 

ecologists to be involved in the assessment and planning process. Thus, successful 

mitigation must stem from a confident awareness of collision patterns and causality in the 

ecosystem (Hobday, 2008). Fischer (2003) suggested monitoring rare and endemic/ 

endangered species occurrence to locate and identify wildlife corridors and critical road 

hotspots of collisions.  

In attempting to mitigate the impact of roads, specifically the impacts to fauna, 

there exist three categories of mitigation efforts: those that alter the behavior of the 

wildlife, those that alter the behavior of drivers and those that seek to address the ways in 

which the roadway interacts with the local landscape. Each type has its advantages and 

varying degrees of strengths in different ecosystems and habitat types. 

3.5.1 Wildlife Related Mitigation 

Different species prefer different mitigation options. Yet, it is extremely 

expensive to construct mitigation for every species. Mitigation can then be single species 

focused for a target species or multi-species focused to reach a range of species with 

similar habit and habitat parameters. Often times this means of mitigation is most 

applicable when budgets are tight and justification is complex (Teixeira, 2013). 

Wildlife protection systems are structures that reduce the barrier to permeability 

of the roadway by enhancing natural corridors or facilitating artificial routes. Whether 

under or over the roadway itself, these structures facilitate the safe passage of animals 
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through the landscape and reduce the frequency of collisions. The effective functionality 

of these structures relies on the ability to prevent wildlife from accessing the roadway and 

facilitates the crossings at locations that mitigate for the threat of collisions (van der Ree, 

2007). Historically, the placement of WPS have been a one size fits all method that 

ineffectively matches the needs and stress responses of the wildlife community 

(Bissonette, 2008). Best management practice in statistically and scientifically placing 

safe crossing structures in critical locations has shown to avoid the mismanagement costs 

and missed opportunity costs to the natural environment of installing inefficient or 

insufficient mitigation structures.  

For effectiveness, mitigation structures must 1) reduce the rate of wildlife-vehicle 

collisions, 2) maintain habitat connectivity, 3) maintain genetic interchange, 4) ensure 

biological requirements are met, 5) allow for dispersal and recolonization and 6) maintain 

metapopulation processes and ecosystem services (van der Ree, 2007). Additionally, 

these types of mitigation should be implemented at locations that have a high probability 

of being used by target species and should be informed by the main species killed on the 

roadway, as well as vulnerable species, critical areas and habitat dynamics around the 

roadway (Badger, 2010). Badger (2013) found that incorrectly installed mitigation in a 

wetland habitat did not reduce collisions but relocated them. It was also found that 

fencing along roadways without safe crossing structures actually increases the frequency 

and concentration of collisions. Quality and characteristics of structures are as important 

as placement. The substrate inside of structures should be considered as well as the 

vegetation, slope and physical features of the approach for attracting usage (Glista, 2009).  

Cost benefit analysis of mitigation measures for large ungulates in North America 
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ranged from 40% effectiveness of fencing with a $7512 (US$2007) cost per percent 

reduction while elevated roadways and road tunnels both had a 100% effectiveness yet 

cost $923,555 and $1,479,547 per percent reduction respectively (Huijser, 2009). 

Mitigation action items, however do not always have to be newly installed engineering 

structures and can be implemented in conjunction with existing structures. Wildlife often 

use watercourses as corridors of movement and will travel under bridges to avoid contact 

with roadways. Yet, as the seasonal rains and flood pulse of this region fill the Pantanal 

wetland, safe passage becomes less successful. Creating dry paths above the floodwaters, 

in conjunction with these structures can prove to be cost effective and successful in 

facilitating movement while reducing the wildlife use of the roadway, as existing wildlife 

corridors are encroached upon and disturbed (Niemi, 2014).  

3.5.2 Driver Related Mitigation 

Hobday (2008) found that altering driver behaviors on the roadway had a greater 

impact on reducing the threat to wildlife by road systems than altering the fauna behavior 

through wildlife protection systems. Drivers that are aware of potential fauna conflicts 

can mitigate for collisions themselves. Through measures that bring awareness and 

importance to the issue of wildlife vehicle collisions, drivers play an active role in 

reducing threat on the roadway and often can be more economically implemented that 

physical structure (Barcelos, 2013c, Glista, 2009). However, this form of mitigation, 

though highly effective, can be sometimes the most difficult to effectively implement due 

to the necessity of the drivers buy-in (Glista, 2009). 

High speed is often the greatest factor in determining the frequency of collisions 

as well as linearity and drivers visibility of the roadway (Glista, 2009, van der Ree, 
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2007). Mitigation that seeks to slow speeds and improve driver’s reaction ability can be 

highly effective in reduction collision frequency and specifically at critical points that 

exhibit hotspots of vulnerability.   

3.5.3 Landscape Related Mitigation 

The cost of wildlife protection structures can often be quite expensive and outside 

of feasible community budgets. Alterations to the landscape, on the other hand, can be 

highly effective at keeping fauna away from the roadway and improving driver’s ability 

to mitigate for collisions (Hobday, 2008). Vegetation management, which is a low cost 

mitigation item for each application was shown to provide a 38% effectiveness in 

reducing collisions (Huijser, 2009). For continued effectiveness, vegetation management 

must be maintained and due to its low individual cost, can be easily incorporated into 

local transportation budget (Ratton, 2014b).  

It was also observed de Carvalho (2014) for analysis of collisions on MS-080, that 

vegetation management was conducted along the road verge in June in efforts to 

minimize fuel loads for the fire prone region showed a significant decrease in collisions.  

This reduction suggests the success of this inexpensive routine activity in mitigating 

collisions. Additionally for this study, it was observed that collisions decreased during 

temporal times of great lunar light suggesting that vegetation removal allowed greater 

lunar visibility on the roadway and the use of light for increased visibility of the driver as 

successful mitigation item.  

3.6 Government Initiative for BR-262 

The Brazilian Institute of Environment (IBAMA), in compliance with Brazilian 

Resolution No. 237/1997, mandates an environmental management plan in relation to 



56 

road construction permitting. A working alliance between the Technological Institute of 

Transport and Infrastructure (ITTI) and the Federal University of Paraná (UFPR) was 

established to provide oversight and management of BR-262 for the National Department 

of Transport Infrastructure (DNIT). The partnership has embarked on numerous agendas 

in fulfillment of the resolution’s goals of “preservation, improvement and recovery of 

environmental quality conducive to life” to maintain socio-economic development while 

promoting and protecting the dignity of Brazil’s people (Ratton, 2014b, Scheider 

Kominiski, 2013). The BR-262 revitalization program, as part of Management of the 

General Environment of DNIT, looks to address the current environmental and social 

issues affecting the communities along BR-262 between the coast and Corumbá at the 

Bolivian border (Catella, 2010, Bazza, 2012). Specific to the stretch of BR-262 between 

Aquidauana and Corumbá, a 13 point program with the slogan “Faço parte desde 

Caminho” translated “I am part of the path” has been developed focusing on “preserving 

the wealth of natural flora and fauna” that this region is best known for (BR-262, 2015, 

Departamento, 2012).  

3.6.1 Faço parte desde Caminho Program  

The BR-262 Faço parte desde Caminho program sought to create an identity and 

give a voice to a much under-represented region of the country. The goal was to front a 

multifaceted campaign to address social and biological degradation of the roadway and 

its surrounding areas as well as to unite the communities in feeling a sense of ownership 

and pride for their unique resources and culture. The most notable programs of the plan 

are the environmental road construction, restoration of degraded areas, erosion 

prevention, water quality monitoring and waste management program for solid and liquid 
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effluents (Ratton, 2014b). In addition, the plan sought a community component that 

included an environmental education to promote awareness through education programs 

in the local schools. The plan also included a social communication program that 

campaigned on local radio and campaigns for drivers between Miranda and Corumbá to 

further promote this awareness (Departamento, 2012). These wide reaching goals were 

selected to help promote participation within the community and the integration of the 

community and the highway to trigger behavior change in the medium to long run. The 

intent then, is that as this region continues to modernize, the various communities will 

keep the key values of preserving biodiversity and the rich natural resources of this 

region without limiting economic and social development (Ratton, 2014b). 

3.6.2 Current Management 

DNIT has been operating a sustainable roads initiative with various projects along 

BR-262, since June 2011 as part of the Environmental Management Program to 

minimize, mitigate and compensate for the environmental impact of roads through the 

sensitive Pantanal region (Catella, 2010). Roadway rehabilitation and shoulder 

improvements were conducted by the cooperative agreement between ITTI/ UFPR on 

subsections of the 280 km stretch of BR-262 starting in 2011, including road verge 

vegetation management, shoulder stabilization for erosion control with vegetative 

planting and improvements to degraded sections of the roadway in identified locations 

(Ratton, 2014b). Throughout 2011 and 2012, localized roadway improvements were 

made to 20 km of the roadway surface from road markers 668 (180 km from 

Aquidauana) to marker 688 (15 km east of the Paraguay River Bridge) (Figure 5). Speed 

reductions accompanied the daily roadway activities (Figure 7) (de Souza, personal 
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communication, 2015).  

 

Figure 7. Completed Construction Work of BR-262 Between Aquidauana 

and Paraguay River Bridge (de Souza, personal communication, 2015)  

3.6.3 ITTI/UFPR BR-262 Wildlife Vehicle Collision Study 

Accident data of BR-262 in Mato Grosso do Sul between 2005 and 2011 showed 

a 58% increase in accidents for the roadway. A total of 1054 accidents were recorded 

with 43% (n=451) resulting from lane departures and 23% (n=242) from wildlife-vehicle 

collisions. Of these accidents, the majority of the lane departures came from an effort to 

avoid hitting fauna. Despite the fact that the majority of the collisions happened with 

small to medium sized fauna, a serious threat to drivers still remains, as 35% of collisions 

resulted in serious injury and 5% resulted in death. When analyzing these collisions 

temporally, it was found that 86% occurred during the night or early morning when 

driver’s visibility is most impaired and most fauna species of this region are active 

(Barcelos, 2013c).  

Based on these findings in 2011, the ITTI-UFPR partnership established a 

monitoring program of wildlife-vehicle collisions in 2011 of the 284 km stretch between 

Aquidauana and Corumbá. Since its initiation, monitoring has been conducted weekly 

and has identified collisions, the specific metrics of each occurrence and has recorded the 

locations with GPS, developing a robust database through time. Data from June 2011 to 

May 2012 was analyzed to identify critical locations of collisions to give statistical 



59 

validity to the recommendations for concentrated mitigation efforts (Departamento, 2012, 

Schneider, 2013, Jambersi, 2013, Universidade, 2012). 

The results from the study showed 610 wildlife-vehicle collisions comprised of 

427 mammals, 140 birds and 43 reptiles resulting in a rate of 0.181 indiv/ km/ m. The 

most frequently hit species were the Yacare caiman (n-=114), crab-eating fox (n=80), 

capybara (n=66), collared anteater (n=65), 6-banded armadillo (n=53), armadillo 

(Dasypus sp.) (n=45), crab-eating raccoon (n=25) and the giant anteater (n=25). In 

analyzing the spatial clustering of collisions through the modified Ripley’s K spatial 

analysis in Siriema v1.1, there were 35 critical points identified along the roadway. 

Important peaks of aggregated collision intensity above a threshold value of 4 (number of 

collisions observed – number of collisions simulated above which is considered a 

hotspot) are located at 1) kilometer marker 575 located 15 km west of Miranda in an area 

typified by intensive cattle ranching and agriculture, 2) marker 592 at Fazenda San 

Francisco rice farm, 3) marker 611 located in the middle of this agricultural area, 4) 

marker 636 at the end of the transition between this intensive land use and the Pantanal 

wetland, 5) marker 684 located in the middle of the wetland, 6) marker 697 located 6 

kilometers east of the Paraguay River bridge and 7) marker 703 located 3 kilometers east 

of the bridge. Additionally, the results from the social communications study showed 

speeding, careless driving and lack of visibility were felt to be the main causes of 

collisions in the area (Siriema, 2011, Jambersi, 2013, Universidade, 2012). 

3.6.4 Planned Mitigation 

 According to the results of the wildlife vehicle collision survey and social 

communications, various recommendations have been proposed to encourage active 
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participation from the community in preserving this unique ecosystem. Proposed 

measures include addressing signage, vegetation, speed controls, fencing and 

environmental education (Barcelos, 2013c). The cautionary and educational signage 

program would display signage representing the Pantanal-specific faunal species most at 

threat in that region. Green (2000) and Huijer (2008) found that if drivers were alerted to 

an event, their reaction time was reduced from 1.5 seconds to 0.7 seconds. This initiative 

seeks to warn drivers with signage of the specific species that they are most likely to 

come into conflict with on the roadway.  

The vegetation suppression and maintenance program seeks to remove dense 

shrubs and trees from coming in contact with the roadway. Often species in a fragmented 

landscape use edges as corridors for movement. With vegetation growing into the road 

verge, fauna are forced into contact with the roadway to move between patches and are 

put at great risk. Additionally, species may graze on the weedy species that grow in the 

road verge and come into pressure with the daily traffic by seeking out these resources 

rather than in the safety of the more closed neighboring grasslands and Cerrado (Ratton, 

2014b, Barcelos, 2013c). Huijser (2009) found that there was a 38% reduction in 

collisions when vegetation was removed from the road verge and drivers had a clear line 

of sight. The struggle in this program is the high rate of regrowth and recruitment of 

weedy or pioneer species to newly cleared road verge. In some regions the program is 

planting “undesirable” vegetation to deter grazing on the roadway.  

The electronic speed controller program seeks to install speed reducers in critical 

locations of known corridors or hotspots of collisions. 20 pilot speed controllers have 

been installed to test the effectiveness on reducing drivers’ speeds and lessening the 
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pressure on fauna. Results of the pilot devices will help inform how and where future 

installations should be approached (Ratton, 2014b, Barcelos, 2013c, BR-262, 2015).  

The fencing program seeks to install fencing structures along the roadway to deter 

fauna from coming in contact with the roadway and forcing the use of culverts and 

bridges as safe crossings to maintain connectivity. Huijser (2009) found that fencing that 

was installed and maintained correctly reduced collisions by 80-95% depending on 

location and target species. However, the incorrect placement and use of fencing can 

create barriers to home range movement, resource acquisition and genetic gene flow that 

affect health and viability of species. The program seeks to pair speed controller devices 

at the end of fencing to help mitigate for any concentration of faunal movement not by 

the underpass structures (Ratton, 2014b, Barcelos, 2013c). 

Lastly, the BR-262 “Faço parte desde Caminho” program continues to work with 

the local community in implementing environmental education campaigns in the local 

school systems as well as for adults in the community as part of the Environmental 

Education Program (PEA). As part of the Social Communication Program (PCS) multiple 

books as well as a CD have been released to support the cultural identity of the 

community and its people. The program titled “Roadkill wildlife: Tragedy on the roads” 

continues to conduct road surveys throughout the year, handing out media that informs 

drivers as to the implications of wildlife-vehicle collisions to both fauna and the drivers 

themselves as well as collecting data as to the perceptions of drives in this region (BR-

262, 2015, Instituto, 2013a, 2013b). 

3.6.5 Application of this Study 

The results of this analysis will provide further insight into specific parameters 
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influencing wildlife vehicle collisions on BR-262 for the study area. This understanding 

can then best inform which mitigation action items should be implemented spatially and 

temporally to effectively and appropriately mitigation for collisions of these important 

biomes. By using analyses different that previous studies, new insights are hoped to be 

found that better explain how the fauna of this region interact with a highly fragmented 

landscape in the east and a remnant critical habitat in the west. Additionally, as this 

region experiences continued conversion for economic development and climate change, 

lessons learned in these analyses will help road and landscape planning for the future.  
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CHAPTER 4 METHODS 

4.1 Data Collection 

Wildlife-vehicle collisions data was collected by Julio Cesar de Souza, Vanessa 

Pereira da Cunha and associates between April 2011 and June 2012 along 215km of BR-

262 monthly, resulting in 15 sampling events and totaling 3,225km of roadway observed. 

When possible, the sample day was the 20th of the month with 30 days between sampling 

events. The trip along BR-262 was made by car with one driver and two to three spotters 

between the hours of five am and five pm, to sample collisions that had taken place the 

previous night and not been removed from the roadway by diurnal scavengers or 

repetitively hit by the day’s traffic, and to ensure a complete sampling event that included 

the temporal intensity of crepuscular road kill species of this region. The vehicle traveled 

at a constant speed of 50 km/h and the road kill was pulled to the road verge to reduce 

double sampling.  

Collinson et al. (2013) in a study of wildlife vehicle collision detection 

methodology, found that sampling conducted with one to two spotters who were 

experienced and who consistently sampled the study site and traveled at a rate of 50 km/h 

had the highest level of faunal detection. Traveling at rates greater than 50 km/h 

significantly decreased detection results while traveling less than 50 km/h resulted in a 

greater sampling effort that was less economical for the same level of detection.  

Fauna samples were identified by class, order, family and scientific name, then 
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photographed and the location recorded with handheld GPS so as to prevent double 

sampling. Samples that were difficult to identify, due to extent of impact or duration of 

exposure on the roadway, were marked as Not Identifiable (NI) and recorded with GPS 

locations only. Samples were limited to the roadway extent itself and only a few samples 

from the road verge were included in sampling due to their close proximity to the 

roadway.  

In many instances, when wildlife are hit by vehicular traffic and are not instantly 

killed, the species will move away from the roadway and die in the surrounding habitat. 

In the case of many bird collisions, hit fauna are thrown from the roadway are not easily 

recovered for sampling. Also, scavenging species may remove the hit fauna from the 

roadway for foraging in the protection of closed canopy and dense vegetation greatly 

reducing the true results of collisions collected along the roadway (Ratton, 2014a, 

Teixeria, 2013). Additionally, in this region the localized vegetation often grows in 

contact with the roadway itself, greatly increasing sampling effort of the road verge. Due 

to the construction of the roadway in the western section 4 m above the surrounding 

wetland, the slop of the raised roadway and the dense vegetation did not allow for 

sampling (de Souza, personal communication, 2015).  

A decision was made to sample only the roadway and include the samples to a 

maximum of 5 m on the road verge to remain consistent with the methodology utilized by 

numerous samplers on Brazilian roadways in this region. This allowed analysis of the 

data of this study to be more soundly compared and extrapolated to future scenarios 

(Bager, 2013, Barcelos, 2013c, Bueno, 2013, Cáceras, 2010a, 2010b,2011, 2012, Catella, 

2010, Coelho, 2012, de Carvalho, 2014, de Cunha, 2010, Fischer, 2003, Melo, 2007).  
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4.2 Analysis of Data 

The wildlife-vehicle collisions were analyzed in a variety of manners to evaluate 

the proposed hypotheses as factors influencing collisions on BR-262. To assess collision 

rates, the total number of collisions was calculated by dividing the extent of roadway 

(kilometers) by total frequency of sampling (months) to standardize for comparison to 

other roadways. Total species collected, as well as threatened and endangered species, 

were analyzed for trends and vulnerability to collisions. Species that were not identifiable 

(NI) were examined as to frequency of collisions yet since species were unknown, this 

class was not further included in certain analyses.  

4.2.1 Spatial Analysis 

The relationship between collisions and distance from urban areas was analyzed 

to determine the relationship between urbanization and frequency of collisions as 

suggested by Caceres (2010). For this study, Aquidauana and Miranda were considered 

urban centers and the western region of the roadway was considered rural. The data was 

transformed (square root) in order to adjust for homoscedasticity with the dependent 

variable and a regression analysis was used to assess the relationship collisions with 

distance from urban centers. Threatened and endangered species were separately 

analyzed in the same manner.  

To best test for the relationship between collisions and the ways in which the 

landscape influences collisions, the road was categorized into zones based on land use.  

The study area was categorized into five zones: 1) Upland Zone typified by higher 

elevation (mean 250 mamsl) Cerrado habitat found between Aquidauana and Miranda. 

The zone has higher urbanization and intensive cattle ranching and is 70 km in length, 2) 
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Agricultural Zone typified by converted Cerrado habitat west of Miranda in low-lying 

mixed Cerrado and Pantanal habitat used in historic sustainable or fragmented high 

production cattle ranching and intensive agriculture, with a mean elevation of 100 mamsl 

and 85 km in length, 3) Pantanal Zone 1 found west of Miranda’s agricultural and cattle 

ranch lands and is typified by inundated wetlands, riparian forests along waterways, open 

grasslands and elevated tree islands with a mean elevation of 90 mamsl and 25 km in 

length and 4) Construction Zone located between 180 – 200 km markers in which road 

repairs were conducted during the study period. The zone exhibited reduced speeds and 

human disturbance from daily activity not typical to this extent of the roadway at a mean  

 
Figure 8. Spatial Zones of Study Area  

elevation of 90 mamsl and 20 km in length, 5) Pantanal Zone 2 located to the west of 

road construction and is typified by frequently inundated Pantanal wetlands of the 

Paraguay River floodplain with a mean elevation of 85 mamsl and 15 km in length. 
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Collisions were batched into each zone and rates standardized by dividing the raw count 

by the length of each zone in kilometers (Figure 8). 

To test for differences in collisions between zones based on land use, the sample 

data was analyzed with the Games Howell test for unequal variance with the Bonferroni 

adjustment for Type 1 error applied for correction with MPV Version 3. The Bray Curtis 

similarity analysis and species percentage - species contribution (SIMPER) one-way 

analyses of dissimilarity was performed in Primer Version 6.1.5 to compare zones as to 

the composition and vulnerability of species affected by the roadway and land use 

pressures in collisions. These analyses were additionally used to assess threatened and 

endangered species vulnerability with distance from urban centers and land use.  

4.2.2 Temporal Analysis 

To test for seasonality, the wet and dry season were analyzed with a simple 

regression analysis to test for variation between seasons to determine if the wet season 

had a higher frequency of collisions than the dry season, as suggested by the literature 

(Melo, 2007, Coehlo, 2008, Caceres, 2010). Since 15 sampling events were conducted, 

the monthly data was averaged for the repeated months to evenly analyze the data 

seasonally. In no way was it felt that this diluted or underrepresented the true sampled 

data only it further communicated the annual and decadal variability of the regions 

climate trends.  

Further, collisions per month were compared to monthly precipitation and 

Paraguay River height to assess how the rain and flood pulses of this region influences 

vulnerability. Mammals and reptile collisions were analyzed by seasonality to assess how 

species’ life history traits affect collisions. Scavenging bird collisions were analyzed to 
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assess how seasonal resource availability affects vulnerability to collisions.  

Since collision frequency was hypothesized to be greater in wet season, a subset 

of months February-March-April were analyzed with the Bray Curtis Similarity Analysis 

(Primer Version 6.1.5) to determine the similarity of species vulnerability for appropriate 

mitigation planning that is species or class appropriate.  

4.2.3 Diet and Foraging Habit Analysis  

To test if temporal activity played a significant role in the vulnerability to 

collisions, the activity types of diurnal, nocturnal and diurnal/ nocturnal were analyzed 

with the Kruskal-Wallis analysis of variance in MPV Version 3.   

To test if diet played a significant role in a species’ vulnerability to collisions, the 

diet types of carnivores, herbivores, insectivores, omnivores and scavenger were 

analyzed with the Kruskal-Wallis analysis of variance in MPV Version 3. 

Analyzing the habitat of species for foraging and home range movement can 

greatly aid in addressing mitigation action items. For primates and other arboreal and 

scansorial species, “Monkey Bridges” and other canopy overpass structures have had 

great success at maintaining corridors of a scansorial species by eliminating the atypical 

habit of crossing roadways in moving through their home range (Teixeira, 2013b). For 

terrestrial and aquatic species, the use of underpasses and dry paths installed along 

existing culverts and bridges have proven highly successful in mitigating collisions 

(Bruno, 2013, Glista, 2009, Huijser, 2013, Niemi, 2014). The data were categorized 

according to the habitat of activity categories of 1) arboreal, 2) terrestrial/arboreal, 3) 

terrestrial, 4) terrestrial/scansorial, 5) scansorial, 6) terrestrial/aquatic and analyzed 

according to the Games Howell test for unequal variance in MPV Version 3.   
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All parameters were equally analyzed for IUCN Red List threatened and 

endangered as well as CITES listed species.  

4.3 Geospatial Analysis 

4.3.1 Spatial Autocorrelation 

Spatial autocorrelation is a measure of the degree that events throughout a 

landscape are statistically clustered or dispersed. Tobler’s first rule of geography states 

that everything is related, however things that are near are more related than distant 

things. The determination of the degree of clustering of collisions is then useful in 

understanding the various parameters influencing collisions both temporally and spatially 

along the roadway and in helping inform mitigation planning. There exist various tools 

for testing for spatial autocorrelation of collisions that have been used extensively in the 

field of road planning (Clevenger, 2003, ESRI, 2015, Snow, 2014). The following 

analyses were conducted using the spatial analysis and spatial statistic tool in ArcGIS 

10.2 (ESRI, 2013). 

Wildlife vehicle collision sampling of BR-262 was imported into ArcGIS and a 

500 m buffer was created along the roadway.  Due to poor satellite coverage during 

sampling, only GPS points that remained within the 500 m buffer were used in this 

analysis (n=463). To equally evaluate roadway, the collisions data was separated into 5 

km segments to analyze spatial variation on a localized level for mitigation purposes. 

Raster data of the study area was obtained and the following spatial analyses were 

conducted:  

Spatial Clustering 

The pattern and distribution of hotspots were identified to understand the spatial 
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and temporal criteria affecting wildlife-vehicle collisions. Analysis of spatial clustering 

can show trends and factors in spatial and temporal parameters leading to clustering of 

events. Collisions were analyzed as to their spatial clustering based over the study area.  

Ripley’s K Spatial Analysis 

Ripley’s K is a spatial statistical tool used to evaluate deviations from spatial 

homogeneity (Morelle, 2013). The analysis evaluates dispersion of events on varying 

spatial scales by assessing the number of neighboring collisions within a specified scale 

that is greater than of a random distribution (Clevenger, 2003, ESRI, 2015, Teixeira, 

2013a). Thus the tool measures the number of coincidental collisions at each occurrence 

on a one-dimensional scale (Clevenger, 2003, ESRI, 2015). Due to the linearity of BR-

262, this one-dimensional approach is deemed appropriate (Clevenger, 2003, Coelho, 

2012). The analysis summarizes spatial dependence of the range of distribution in a 

resulting k-value. The higher the k-value the greater the clustering, the lower the k-value 

the greater the dispersal (ESRI, 2015). The initial search radius is chosen based on a 

localized spatial scale on which mitigation items can be implemented and deemed 

effective and then step radii are then analyzed to assess the relationship of landscape on 

this clustering and dispersal (Teixeira, 2013a). Multiple distances of the step radii then 

show how patterns of distribution vary with scale (ESRI, 2015).  

In similar analyses, initial search radius values have ranged from 50 m to 100m 

with step radii ranging from 100 m to 500 m (Coelho, 2008, Morelle, 2013, Teixeira, 

2013a). For the purpose of this analysis of BR-262, the initial search radius of 5m was 

chosen with 10, 20, 30 and 40 steps at 500 m of each step radii to analyze the entire 215 

km of roadway.   
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Global Moran’s I Spatial Autocorrelation 

The Global Moran’s I assesses the degree of spatial arrangement and 

autocorrelation of a variable. The tool assumes homogeneity and assesses the degree an 

event at a specific location is similar to variables at neighboring locations, evaluating if 

the pattern of events are clustered, dispersed or randomly distributed (Anselin, 1995, 

ESRI, 2014, Gorr, 2012).  

Average Nearest Neighbor Analysis 

The Average Nearest Neighbor spatial statistical tool uses the ratio of average 

distance between location of events and their nearest-neighbor event over a random 

distribution. The tool analyzes how much clustering exists within the data set by 

comparing the observed mean distance of each wildlife vehicle collision to the nearest 

neighboring collision with an expected mean distance if the collisions were randomly 

distributed on the roadway. Z-score values are then obtained by subtracting the estimated 

mean distance from the observed distance and divided by the standard deviation of the 

samples. Ratios less than 1 describe significant spatial clustering of collisions (Gorr, 

2012, Morelle, 2013). For this analysis, collisions were analyzed on the roadway buffer 

as to their nearest neighboring collision.  

4.3.2 Hotspot Analysis 

Local Moran’s I Cluster Analysis 

The Local Moran’s I spatial statistical tool then assesses clustering of events with 

similar neighboring events on a localized level. The tool calculates the LISA value, a z-

score and p-value with positive values communicating areas of clustering and negative 

values communicating dissimilarity resulting in outliers (Anselin, 1995, ESRI, 2014, 
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Gorr, 2012). 

Kernel Density Analysis 

Surface elevation density of raster data is commonly illustrated with surface 

estimation through kernel density smoothing (Gorr, 2012). The kernel estimation of point 

pattern density then is conducted by assessing the weighted points and the influence of 

neighboring points where density is calculated (Ramp, 2005). This technique then assists 

in communicating the extent of clustering with neighboring events contributing to hotspot 

and far events contributing to lowspots (Gorr, 2012). A threshold elevation value is then 

selected that best communicates the clustering of the sample data. The area of analysis is 

then controlled by the bandwidth of the kernel with large bandwidths increasing 

smoothing effect (Ramp, 2005). There is no “gold standard” as to kernel density 

calibration, and rather expert opinion is most often the determining factor Gorr, 2012). 

Coelho (2012) Morelle (2013) and Ramp (2005) used 500 m radii in their analyses of 

wildlife-vehicle collisions in Brazil, Europe and Australia respectively. Morelle (2013) 

felt that a 500m bandwidth for the identification of hotspot zones was a reasonable scale 

at which mitigation should be implemented. However, Texeria (2013) emphasizes the 

importance of analyzing wildlife vehicle collision spatial occurrence on a large scale at 

first and then refining analysis on small scale as parameters and trends of the landscape 

and biology of the species become clearer.  

For this study a search radius of 1500m was chosen as the ideal kernel density for 

smoothing for clustering analysis.  

Getis Ord Gi* Hotspot Analysis 

Getis Ord Gi* spatial analysis communicates the location and extent of point 
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clusters over a two-dimensional space that are greater than are expected with chance. In 

this test, there may be a high raw count of collisions in a specific section of the road but 

this section will only be considered a hotspot and spatially autocorrelated if there are 

other sections nearby with high occurrence counts as well. The data must be aggregated 

from individual collisions point data to assess variations. The analysis communicates 

clustering with z-score values, where high z-values show positive spatial autocorrelation 

or clustering hotspots and low z-values show negative spatial autocorrelation or 

significant lowspots on spatial scales (ERSI, 2015, Gorr, 2012).  

For this study, collision point data was aggregated into 5 km segments to assess 

spatial clustering and hotspots on the roadway in a dimension that can be effective for 

mitigation planning and implementation. 

4.3.3 Land Cover 

Landscape dynamics often play a significant role in occurrence of wildlife-vehicle 

collisions (Rodger, 2009). To analyze the types of land cover in the study site, GLS2005 

(Landsat 30m pixel surface reflectance values bands 1-7, collection date 5/10/2006) was 

utilized from U.S. Geological Survey (USGS) Earth Explorer and an Iso Cluster 

Unsupervised Classification was performed according to five classes: open 

water/wetlands, gallery forest, scrub, grassland/pasture and urban/intensive agriculture. 

These five classes were selected based on Trolle’s (2003) distinct habitat classifications 

of the Pantanal flood basin and surrounding Cerrado area and consistent with Casella and 

Cácereas (2006) remote sensing analysis of the effects of landscape on the frequency of 

collisions for the same highway. Fauna species in this region are known to show a high 

habitat preference to open grasslands and Cerrado vegetation. Due to high fragmentation 
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and the mix-use landscape mosaic, species depend highly on remnant riparian forest 

habitat that grows on the banks of water features as corridors for moment (Casella, 2006). 

The land cover results were then used in analysis of the spatial statistics to assess the 

factors impacting collisions in relation to localized land use.  

All spatial autocorrelation and hotspot analyzes were conducted in relation to land 

cover classification in order to explain patterns and significant clustering of collisions.  
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CHAPTER 5 RESULTS 

5.1 Wildlife Vehicle Collision Results 

A total of 518 wildlife-vehicle collisions were recorded for the study area, 

comprising 40 species, 27 families and 32 orders. Mammals comprised 21species and 

60% (n=312) of the sampling effort, 12 bird species representing 19% (n=96), 7 reptile 

species representing 13% (n=67) and 8% (n=43) were unidentifiable (NI) (Table 3, Table 

4). 

5.1.1 Rate of Wildlife-vehicle Collisions 

The rate of wildlife-vehicle collisions was found to be 0.161 individuals/ 

kilometers/ month. This value is comparative in magnitude to: Fischer’s (1997) analysis 

of the Cerrado of 0.180 indiv/ km/ m and of the Pantanal of 0.190 indiv/ km/ m, 0.181 

indiv/ km/ m of BR-262 by Barcelos (2013c), 0.262 indiv/ km/ m of MS-080 by de 

Carvalho (2014), 0.190 indiv/ km/ m of eastern Cerrado by Prado (2004) and 0.134 indiv/ 

km/ m Melo (2007). Yet the rate of collisions was significantly higher than similar 

studies of this region and around Brazil (Cáceras, 2012, Cherein, 2007, de Cunha, 2010, 

Pereira, 2006, Rosa, 2004, Turci, 2009). 

5.1.2 Frequently of Collisions by Species 

The most frequently hit species of the study segment were: capybara 

(Hydrochaeris hydrochaeris) n=89, crab-eating fox (Cerdocyon thous) n=64, yacare 

caiman (Caiman yacare) n=60, southern crested caracara (Caracara plancus) n=47, 

collared anteater (Tamandua tetradactyla) n=33, black vulture (Coragyps atratus) n=26, 
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white-lipped peccary (Tayassu pecari) n=20, giant anteater (Myrmecophaga tridactyla) 

n=19, six-banded armadillo (Euphractus sexcintus) n=18, nine-banded armadillo 

(Dasypus novemcinctus) n=17, turkey vulture (Cathartes aura) n=11, as well as other 

significant species (Table 3, Table 4).  

Table 3. Mammal Class Wildlife-vehicle Collisions of BR-262 Aquidauana to 

Paraguay River Bridge  

Common Name Scientific Name Class Order IUCN CITES COUNT 

Capybara 

Hydrochaeris 

hydrochaeris Mammalia Rodentia LC  89 

Crab-eating fox Cerdocyon thous Mammalia Carnivora LC  64 

Collared anteater 

Tamandua 

tetradactyla Mammalia Pilosa LC  33 

White-lipped 

peccary Tayassu pecari Mammalia Artiodactyla VU II 20 

Giant anteater 

Myrmecophaga 

tridactyla Mammalia Pilosa VU II 19 

6-banded armadillo 

Euphractus 

sexcintus Mammalia Cingulata LC  18 

9-banded armadillo 

Dasypus 

novemcinctus Mammalia Cingulata LC  17 

Crab-eating racoon 

Procyon 

cancrivorus Mammalia Carnivora LC  9 

South American 

coati Nasua nasua Mammalia Carnivora LC III 8 

Pantanal deer 

Blastocerus 

dichotomus Mammalia Artiodactyla VU I 6 

Red brocket deer  Mazama sp. Mammalia Artiodactyla VU  5 

Tufted capuchin Cebus apella Mammalia Primates LC II 4 

Ocelot Leopardus pardalis Mammalia Carnivora LC I 4 

Brazilian tapir Tapirus terrestris Mammalia Perissodactyla VU II 4 

Collared peccary Pecari tajacu Mammalia Artiodactyla DD  4 

White-eared 

opossum 

Didelphis 

albiventris Mammalia Marsupialia LC  2 

Brazilian cottontail 

Sylvilagus 

brasiliensis Mammalia Lagomorpha LC  2 

Azara's agouti Dasyprocta azarae Mammalia Rodentia VU  1 

Tayra Eira barbara Mammalia Carnivora LC III 1 

Lesser grison Galictis cuja Mammalia Carnivora LC  1 

Neotropical otter Lontra longicaudis Mammalia Carnivora DD  1 

 

5.1.3 Threatened Species 

Collisions of threatened and vulnerable species were assessed according to the 
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ICUN Red List of Threatened and Endangered Species. Among species listed as 

Vulnerable were the white-lipped peccary (T. pecari) n=20, giant anteater (M. tridactyla) 

n=19, Pantanal deer (Blastocerus dichotomus) n=6, red brocket deer (Mazama sp.) n=5, 

Table 4. Ave and Reptilia Class Wildlife Vehicle Collisions of BR-262 

Aquidauana to Paraguay River Bridge  

Common Name Scientific Name Class Order IUCN CITES COUNT 

Southern crested 

caracara Caracara plancus Aves Falconiformes LC  47 

Black vulture Coragyps atratus Aves Cathartiforme LC  26 

Turkey vulture Cathartes aura Aves Cathartiformes LC  11 

Red-legged seriema Cariama cristata Aves Gruiformes DD  3 

Picazuro pigeon Columba picazuro Aves Columbiformes LC  2 

Blue-fronted parrot Amazona aestiva Aves Psittaciformes LC  1 

Peach-fronted 

parakeet Aratinga aurea Aves Psittaciformes LC  1 

Striped owl Asio clamator Aves Strigiformes LC  1 

Roadside hawk 

Buteo 

magnirostris Aves Accipitriformes LC  1 

Ringed kingfisher 

Megaceryle 

torquata Aves Coracifomes DD  1 

Pauraque 

Nyctidromus 

albicollis Aves Caprimulgiformes LC  1 

Tropical Kingbird 

Tyrannus 

melancholicus Aves Passeriformes LC  1 

Yacare caiman Caiman yacare Reptilia Crocodylia LC II 60 

Green iguana Iguanae iguanae Reptilia Lacertilios DD  2 

Neotropical rattle 

snake Crotalus durissus Reptilia Squamata LC  1 

Eastern indigo 

snake 

Drymarchon 

corais Reptilia Squamata LC  1 

Brazilian smooth 

snake 

Hydrodynastes 

gigas Reptilia Squamata DD  1 

Green cobra Philodryas olfersii Reptilia Squamata DD  1 

Golden tegu 

Tupinambis 

teguixin Reptilia Squamata DD  1 

 

and tapir (Tapirus terrestris) n=4 (Table 3) (International, 2015). Species listed in the 

Brazilian National List of Species Threatened with Extinction are: the giant anteater, 

ocelot (Leopardus pardalis) n=4, Pantanal deer and the red brocket deer (MMA, 2003). 

Species listed in the Appendices of CITES, the Pantanal deer and ocelot are listed on 

Appendix I as threatened with extinction or affected by trade, white-lipped peccary, giant 
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anteater, tufted capuchin (Cebus paella), n=4 and the tapir are listed on Appendix II as 

vulnerable unless more closely regulated (Table 3, Table 4) (Convention, 2015). 

5.2 Spatial Analysis Results 

5.2.1 Distance from Urban Centers 

It was hypothesized that wildlife-vehicle collisions would show an increasing 

trend with distance westward from urban centers as observed by Cáceras (2012) of BR-

262 between Campo Grande and Miranda. The transformed (square root) collisions 

showed no correlation (p=0.157) and instead a variable trend observed throughout the 

study area (Figure 9).  

 

Figure 9. Spatial Analysis of Wildlife-vehicle Collisions of BR-262 per 5 km 

Segment  

Threatened Species 

A spatial analysis was conducted of IUCN Red List Threateded and Endangered 

species listed as Vulnerable and CITES Appendix I & II to assess the degree of 

correlation between threatened species and distance from urban centeres as hypothesized 

by Cáceras (2012). Instead, the transfomed (square root) collsions showed no correlation 

(corr = -0.0642, t= -0.287, p= 0.7765, IUCN R2=0.0801, CITES R2=0.2128) (Figure 10). 

In asessing significant differences between land use zones for threatened species, the 
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Games Howell test for unequal variance showed a significant variance for the Upland 

Zone and the Agricultural Zone (q=4.226 for a 95% CI) and with the Bonferroni 

adjustment for Type 1 error, there existed a significant statistical difference of ranks 

between the Upland Zone and the Pantanal Zone 2 (M=3.065, -2.299 at 95% CI) and the 

Upland Zone and the Pantanal Zone 2 (M=4.566, -0.147 at 95% CI).  

 

Figure 10. Spatial Analysis of Threatened and Endangered Species  

One manner of explaining this result is that the Giant Anteater (M. tridactyla), 

classified as both vulnerable on the IUCN Red List and CITES Appendix II, frequents 

Cerrado closed forest, savannah and open grassland requiring a large homerange with 

forested patches (International, 2015). Yet, the species is a habitat specialist and shows a 

preference for areas distrubed or altered by human activity and has been recorded in open 

habitat in association with urbanization and argiculture. The species predominate the 

cattle ranch pasture land where termites are prevalent and travel among the pasture 

matrix while foraging encountering roadway frequently thus increase vulnerability. In the 

Cerrado-Pantanal biome, the sepecies is often recored in and around timber production in 
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upland Cerrado, on the edge of cattle ranching and argicultural development around 

Miranda, as well as urbanized areas near Aquidauana (Cáceras, 2010a, 2011, 2012, de 

Souza, 2014).  

The sample data is also skewed by the fact that not all threatened species are 

represented in collision data equally. Tapirs (T. terrestris) for example, are agile creatures 

that are skilled at avoiding collisions. Despite their advantage over other wildlife species, 

their populations in this area remain under pressure (IUCN Vulnerable Species and 

CITES Appendix II) and their predominance throughout the study area proves the values 

of addressing environmental threats in the entire region of concern, as well as target 

species (Bissonette, 2008, Convention, 2015, International, 2015). 

5.2.2 Spatial Zonation Analysis 

Analysis of Zonation 

Since wildlife-vehicle collisions only showed a slight increasing trend with 

distance westward from urban centers, the road was categorized into zones based on land 

use to best test for the relationship between collisions and distance from urban centers. 

The zones of Upland Zone, Agricultural Zone, Pantanal 1 Zone, Construction Zone, and 

Pantanal 2 Zone were analyzed with the Bray Curtis similarity analysis and it was found 

that there existed a 55% similarity between collisions in the Pantanal 1 and Pantanal 2 

Zones, a 65% similarity between the Upland and Agricultural Zones and a high degree of 

dissimilarity between all zones and the Construction Zone (Figure 11).  

These zones were then analyzed using the Games-Howell test for unequal 

variance and a significant variance existed for the Upland Zone and the Agricultural Zone 

(q=4.209 for a 95% CI) and for the Agricultural Zone and the Construction Zone 
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Figure 11. Spatial Zonation Bray Curtis Similarity Tree  

 (q=4.699 for a 95% CI). With the Bonferroni adjustment for Type 1 error, there existed a 

significant statistical difference of means between the Agricultural Zone and the 

Construction Zone (M= 3.295, 17.854 at 95% CI), Upland Zone and the Pantanal Zone 2 

(M= 4.103, -3.636 at 95% CI) and the Construction Zone and the Pantanal Zone 2 (M= 

4.438, -5.666 at 95% CI).  

Species per Zonation 

One manner of explaining the degree of similarity is through analyzing the 

species killed in each zone (Table 5). The upland zone is typified by higher elevation 

Cerrado habitat yet over time the landscape has been greatly altered by intensive cattle 

ranching. The Agricultural Zone, conversely, is typified by low elevation of mixed  

Pantanal wetland and Cerrado grassland and has historically supported a different 

niche of faunal species than the upland Cerrado.  However, as much of this lowland has  
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Table 5. Species killed per Zonation  

Scientific Name Upland Agricultural 

Pantanal 

1 Construction 

Pantanal 

2 Total 

Hydrochaeris 

hydrochaeris 7 42 11 1 21 82 

Cerdocyon thous 29 29 1  3 62 

Caiman yacare 1 25 14 4 10 54 

Caracara plancus 5 23 8 2 4 42 

NI 8 21 3 1 5 38 

Tamandua 

tetradactyla 12 20  1 2 35 

Coragyps atratus 3 12 8  2 25 

Tayassu pecari  7  3 9 19 

Myrmecophaga 

tridactyla 4 11   1 16 

Dasypus novemcinctus 10 5    15 

Euphractus sexcintus 10 4   1 15 

Cathartes aura 3 4 3  1 11 

Nasua nasua 4 1 1  1 7 

Mazama sp. 1 3  1  5 

Blastocerus 

dichotomus  2   2 4 

Leopardus pardalis 2 1 1   4 

Tapirus terrestris 1 3    4 

Cariama cristata 3     3 

Cebus apella 1 1    2 

Columba picazuro  2    2 

Iguanae iguanae   1 1  2 

Aratinga aurea  1    1 

Asio clamator   1   1 

Buteo magnirostris  1    1 

Crotalus durissus  1    1 

Dasyprocta azarae 1     1 

Drymarchon corais  1    1 

Eira barbara 1     1 

Galictis cuja  1    1 

Hydrodynastes gigas    1  1 

Lontra longicaudis   1   1 

Nyctidromus albicollis 1     1 

Philodryas olfersii   1   1 

Procyon cancrivorus   1   1 

Sylvilagus brasiliensis 1     1 

Tupinambis teguixin   1   1 

Tyrannus 

melancholicus     1 1 
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been converted to cash crop agricultural production and cattle ranching, a species home 

range shift has been observed for many of the more upland Cerrado species than for the 

disturbed low agricultural lands of the Agricultural Zone. Upland dry Cerrado 

xenarthrans species such as anteaters, armadillos and opossums are found greatly affected 

in the Agricultural Zone (Table 5). Additionally, traditional wetland species such as the 

Yacare caiman typical to the Pantanal 1 and 2 Zones were found in collisions to a higher 

degree than expected in the Agricultural Zone due to their habitation in irrigation ponds 

and borrow ditches of this area.   

To further analyze this trend, the species composition of each zone was analyzed 

with the Species Percentage Species Contribution (SIMPER) One-way Analysis Results 

of Dissimilarity. Results showed a high degree of shared species contribution (63%) 

between the Upland and the Agricultural Zone, 57% between the Pantanal 2 Zone and 

Agricultural Zone and 57% between the Pantanal 1 and Pantanal 2 Zones (Table 6). It 

was expected that the Pantanal zones would share species contributions to collisions due 

to their similarity of habitat, biological factors and lack of anthropogenic disturbance, 

however the similarity between the Pantanal 2 Zone and the Agriculture Zone is 

noteworthy. Consequently, the Construction Zone only shared a 24-35% similarity of 

species with all other zones. It can be said that the speed reductions in this zone greatly 

reduced the threat to slow and light-inhibited species. Additionally, the daily roadwork 

activities kept sensitive species away from the roadway greatly reducing collisions of 

these species.  
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Table 6. Zonation Species Percentage Species Contribution (SIMPER) One-

Way Analysis Results Of Dissimilarity Expressed In Percentages  

  Upland Agricultural Pantanal 1 Construction Pantanal 2 

Upland           

Agricultural 36.85         

Pantanal 1 57.77 55.32       

Construction 75.63 74.53 64.68     

Pantanal 2 51.25 43.2 42.8 56.09   

 

Rates of Wildlife-vehicle Collisions per Zonation 

 The rates of collisions per zone were calculated and the Pantanal Zone 2 showed 

a collisions rate of 0.280 indiv/ km/ m and Agricultural Zone 0.178 indiv/ km/ m (Table 

7). These two zones indicate a high level of priority for mitigation since both rank higher 

than the 0.161 indiv/ km/ m for the entire study area and many values of surrounding 

roads in Brazil.  

Table 7. Spatial Analysis of Wildlife-vehicle Collisions by Zonation  

Zone 

Length 

(km) Count 

Rate 

indiv/km/m 

Result 

Reduced 

10% 

Result 

Reduced 

38% 

Background 

(Dry)  

Needed 

Reduction 

Upland  75 116 0.103 0.093 0.064 0.05 52% 

Agricultural 80 213 0.178 0.156 0.107 0.05 72% 

Pantanal 1 25 56 0.149 0.134 0.093 0.05 67% 

Construction 20 15 0.050 0.045 0.031 0.05 0% 

Pantanal 2 15 63 0.280 0.252 0.174 0.05 82% 

Total  215 518 0.161 0.145 0.100 0.05 69% 

 

The Agricultural Zone’s rate of 0.178 indiv/ km/ m is less, proportionally, than 

the Pantanal Zone (0.280 indiv/ km/ m), yet still exhibits a significant threat to wildlife 

exists. The dramatic land conversion since the early 1980’s has significantly fragmented 

the Cerrado and eastern Pantanal habitat, greatly affecting natural corridors of faunal 

species. Additionally, this disturbance has become a false habitat for numerous species 

killed in this study. Mitigation focused in these zones will prove to be effective at 
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lowering the rate of collisions for the entire roadway and will aid in addressing 

conservation efforts for threatened species.  

The Construction Zone had a rate of 0.050 indiv/ km/ m. The construction 

activities of this segment of the highway during the entire sampling period provide a sub-

sampling event within the greater study. In studying the Construction Zone, a 

significantly different rate and species contribution existed in comparison to the other 

zones. Specifically the Construction Zone and the Pantanal 2 Zone, which both have 

similar elevation, habitat, species composition and hydrologic forcing in the seasonal 

rains and flood pulse, different which assists in drawing conclusions as to drivers of 

collisions in this region.  Inferences then, can then be made about mitigation 

opportunities.  

5.3 Temporal Analysis 

5.3.1 Seasonality Analysis per Class 

The sample data was compared between the wet season (October through April) 

and the dry season (May through September). It was hypothesized that a greater 

abundance of collisions would be observed in the wet season due to life history 

characteristics of the species of the region and the necessity for species to leave their 

natural habitat with the annual rains and inundation of the Paraguay River Basin. The wet 

season was found to have 69% (n=359) of the collisions compared to 31% in the dry 

season (n=158) however each class of species was affected differently (Figure 12).  
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Figure 12. Seasonality of Wildlife-vehicle Collisions on BR-262 in Relation to 

Precipitation Based on Accumulated Precipitation (mm) 1961-2010 at 

Corumbá Instituto Nacional de Meteorologia (INMET) Gauge # 83552 By 

Species Class a) All Species b) Mammals c) Reptiles d) Bird e) Not 

Identifiable (INMET, 2015)  

Mammals 

It was observed that for mammals, collisions took place throughout the year, with 

the greatest concentration in the wet season during the months of most intense rainfall in 

February through April (Figure 12 b). Additional peaks were observed in July and 

September and did not show a significant correlation with seasonality due to these peaks 
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(regression p=0.207, r2=0.154). However, in sampling methodology, mammals have the 

truest sampling representation of actual collisions, thus the greatest generalizations and 

trends can be analyzed from the data set. In comparing the seasonal rains of the Cerrado-

Pantanal region with mammal collision frequency, it can be said that the wet season had a 

greater volume of mammal collisions (n=211) than the dry season (n=101) despite 

sampling intensity. Additionally, in comparing collision with precipitation, the wet 

season peak in collisions does not coincide with the rain pulse and thus must be affected 

by other factors. The dry season peaks in July and September show that other factors of 

the landscape and species life history traits still have a significant role in influencing 

collisions.  Further analysis of this seasonal stratification will best inform mitigation.  

Reptiles 

It was observed for reptiles that the class was only present in collisions during the 

rain and flood pulse months. It was also observed that for reptiles, collisions for the class 

took place only in December through June, with only one occurrence each in September 

and November. Despite no correlation (p=0.115), the observed trend can suggest that 

collisions within this class still relate to the temporal swings of the intense rainfall and 

inundation of the region (Figure 2). The dominant species Yacare caiman, are known to 

travel great lengths at the onset of the seasonal rains, which are part of their mating and 

breeding season and to remain around permanent water bodies during the dry season 

(Azevedo, 2012). Mitigation planning during the months of February to May will be 

effective at addressing the species with special focus on the beginning rains in December 

and January that are highly variable.  
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Birds 

It was observed for birds that collisions were variable with seasonality. Three 

main carrion bird species dominated the class: Caracara plancus, Coragyps atratus and 

Cathartes aura. In analyzing trends of collisions, it was observed that the frequency of 

collisions was more closely related to available food sources from collisions on the 

roadway rather than from rain and flood pulse factors (correlation p=0.0218) (Figure 13). 

As collisions of all species increase in the wet season, primarily through February-

March-April, scavenging bird collisions increase with foraging opportunity on the 

roadway. Conversely, as collisions decrease with the end of the seasonal rains in May, 

the scavenging bird collisions decrease proportionally. However, there exists a peak in 

collisions of scavenging birds with the dry season in August when collisions of mammals 

decrease significantly. This peak could be explained by resource scarcity for scavenging 

birds when small mammals and reptiles move from their normal home range in search of 

resources when food sources and water are less available in the drying conditions of July-  

 

Figure 13. Seasonality of Wildlife-vehicle Collisions of BR-262 for 

Scavenging Birds  
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August-September Thus, for scavenging birds, the primary natural food sources are less 

available and foraging on the collisions on the roadway becomes more attractive, which 

greatly increased their threat of collisions. Mitigating for mammals and other collision 

classes will thus address for this category. 

Not Identifiable 

It was observed for species that were not identifiable (NI) that collisions were 

concentrated in the wet season primarily. Since these species were unable to be identified 

to class level, it can be assumed that mitigation for these species in the wet season 

months will prove effective.  

5.3.2 Rain & Flood Pulse Analysis 

Stratifying the seasonal rains and inundation patterns of this region in relation to 

collisions best qualify temporally when throughout the year the greatest threat to fauna 

exists. When comparing the seasonality of collisions with annual precipitation and the 

Paraguay River height, it can be found that collisions are concentrated when rain intensity 

coincides with Paraguay River flood height for the months February-March-April (Figure 

14). It can be said that collisions follow the upward trend as the Paraguay River height 

rises December through March and follow the downward trend of precipitation decreases 

April through June. Collisions then for this region of BR-262 are then bounded by these 

two factors.  

When the study samples were compared between the peak of rains (December 

through February) and the peak of inundation of the lower Paraguay River Basin (April 

through June) it was found that greatest frequency of collisions resulted from the 

synergistic effect of the biological and anthropogenic factors of the landscape. This can 
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be observed specifically for mammal collisions that show a shifting to overlap between 

the rain pulse and the flood pulse (Figure 12 b). Seasonal rains activate species life 

history traits for breeding and resource alterations as the growing season begins. As flood 

waters increase, home range displacement plays a role in collisions as water sources 

become more prevalent and burrows become inundated. Though, as natural corridors and 

habitat have been encroached upon by agriculture and ranching, this natural migration 

becomes constrained and brings fauna into conflict with BR-262 greatly increasing the 

concentration of collisions in this temporal window.  Implementing mitigation with 

greatest physical effort through this period of the year, rather than being spread evenly 

thought the calendar year, will prove most effective in reducing collisions. 

 

Figure 14 Seasonality of Wildlife-vehicle Collisions of BR-262 for All 

Collisions Relation to Precipitation Based on Accumulated Precipitation 

(mm) 1961-2010 at Corumbá Instituto Nacional de Meteorologia (INMET) 

Gauge # 83552) and Mean Water Level of Paraguay River 1979-1987 at 

Ladário Station (INMET, 2015, Junk, 2006)  

5.3.3 Species Seasonal Vulnerability Analysis 

Wildlife-vehicle collisions vulnerability varies between species and seasonally. 
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To best asses which species were most vulnerable in relation to the wet season, the Bray-

Curtis Cluster Analysis was conducted of the months February through April. The 

analysis showed various clustering of all species classes in similarity confidence intervals 

(Figure 15, Figure 16).  

 

Figure 15. Seasonality Bray-Curtis Similarity Cluster Analysis of February-

March-April for Most Vulnerable Species  
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Figure 16. Seasonality Bray-Curtis Similarity Cluster Analysis of 80% 

Confidence Interval Central Cluster of February-March-April for Most 

Vulnerable Species  

The Bray-Curtis Similarity Tree showed that, of the central cluster of greatest 

weight, the 6-banded armadillo and 9-banded armadillo shared 80% similar vulnerability, 

the giant anteater and the white-lipped peccary shared 88% similar vulnerability, and the 

capybara, Yacare caiman, crab-eating fox, collared anteater black vulture and Southern-

crested caracara shared 90-96% similar vulnerability (Figure 17).  
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Figure 17. Seasonality Bray-Curtis Similarity Tree  

Mitigation for these species during these months will prove to reduce collisions 

by the greatest degree. Consequently, the giant anteater and white-lipped peccary are 

listed as IUCN Vulnerable species as well as the Yacare caiman on the CITES Appendix 

II. Mitigation priority to these eight species will help reduce the major factors leading to 

collisions along the roadway as well as increase the conservation of vulnerability species 

in these important biomes.   

5.3.4 Seasonal Effect on Threatened Species 

 Analysis of the seasonal effect on Threatened and Endangered species and CITES 

Appendix I & II species of vulnerability during the rainy season showed no correlation 

(p=0.129 R2=0.2147) and a weak variance of means (ANOVA p=0.168). However, it can 

be noted that all threatened species show a greater vulnerability in February through June 

and a reduced vulnerability in the proceeding dry season months before the seasonal rains 

return (Figure 18). It can be said then, that mitigation implemented and enforced during 
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Figure 18. Seasonality of Threatened and Endangered Species  

the wet season will have the greatest impact on reducing the collision threat for these 

species. 

5.4 Diet and Foraging Habit Analysis 

Assessing the varying characteristics of species most effected by the roadway 

collisions can inform which mitigation options can best decrease the threat of the 

roadway on the fauna of the study area. Of the sample data (n=518) only those species 

that were able to be identified were analyzed, thus the NI class was excluded resulting in 

n=475.  

5.4.1 Temporal Habits Analysis 

In analyzing the temporal habits of species, it was found that 28% of the species 

were diurnal (n=135), 33% were nocturnal (n=156) and 39% (n=184) shared diurnal/ 

nocturnal habits. No significant difference existed for the three categories of activity 

(Kruskal-Wallis p=0.887). It can be said that all species are equally vulnerable on the 

roadway. From inferring within the data set, many of the fauna species common in this 

area that are both nocturnal and diurnal exhibit crepuscular behavior and move within 
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their home range most frequently at dawn and dusk when visibility due to fog or sun 

glare is greatest (Cáceras, 2008a, de Souza, personal communication, 2015). Although all 

species are equally vulnerable, actions altering the roadway that help mitigate for 

impairments to visibility of drivers at these times will greatly reduce the threat of 

collisions across each category.  

For ICUN threatened and endangered species and CITES listed species, no 

statistical significance was found (Games Howell test for unequal variance diurnal-

diurnal/nocturnal q= 3.059, diurnal-nocturnal q=0.587, diurnal/nocturnal-nocturnal 

q=2.782). Thus, mitigating with attention to other biological and anthropogenic factors 

will prove most effective.  

5.4.2 Diet Analysis 

In analyzing the diet of species, it was found that carnivores comprised 16% 

(n=76), herbivores 23% (n=111), insectivores 5% (n=23), omnivores 34% (n=163) and 

scavengers 21% (n=102). When the category of insectivore was removed due to non-

normality, the data was analyzed with the Kruskal-Wallis analysis of variance and no 

statistical significant difference was found. 

It was observed that for birds’ diets and foraging strategies, a significant 

difference existed between scavenging birds and all other diet types (herbivore, 

insectivore and carnivore) (t-test p=0.000459 two tailed). Scavenging birds such as the 

southern crested caracara (C. plancus), black vulture (C. atratus), and turkey vulture (C. 

aura) typically forage on carrion food sources such as collisions found on the roadway 

and thus increase their vulnerability to future collisions while foraging.  

For ICUN threatened and endangered species and CITES listed species, no 
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statistical significance was found (Games Howell test for unequal variance carnivore-

omnivore q=2.699, carnivore-insectivore q=3.025, omnivore-insectivore q=0.867, 

carnivore-herbivore q=3.187, omnivore-herbivore q=1.271, insectivore-herbivore 

q=0.487).  

5.4.3 Habitat of Activity Analysis 

In analyzing the temporal habits of species, it was found that arboreal species 

comprised 20% (n=97) of the sample data, 1% were terrestrial/arboreal (n=6), 35% were 

terrestrial (n=166), 8% were terrestrial/scansorial (n=39), 3% were strictly scansorial 

(n=12) and 33% were terrestrial/aquatic (n=155). The data was compared seasonally with 

the Games Howell variance of ranks. For the dry season, the categories of 

terrestrial/arboreal and terrestrial/scansorial were removed for non-normality and found 

to be not significant. Additionally, for the wet season, the category of terrestrial/arboreal 

was removed for non-normality and no significance was observed.  

Despite the non-significance, the dominance of terrestrial and terrestrial/aquatic 

species in collisions can best inform the implementation of mitigation structures installed 

in relation to maintaining the corridors of these species within the landscape mosaic. 

Terrestrial species of this region frequently use dense riparian forests as protection, cover 

and corridors. These riparian forests are found in relation to the rich alluvial deposits 

along waterways that are frequently flooded. Additionally, the terrestrial/aquatic species 

such as the capybara and Yacare caiman are dependent upon the waterbodies of this 

region for habitat and food sources. In mitigating for these highly vulnerable species, 

mitigation actions in relation to these important water bodies and corridors through the 

landscape that pertain to rivers, streams and creeks should be of critical focus.  
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For ICUN threatened and endangered species and CITES listed species, a t-test 

revealed no statistical significance between the terrestrial and the terrestrial aquatic 

species. All other categories were not represented in the data set and thus not analyzed. 

5.5 Geospatial Analysis Results 

5.5.1 Spatial Autocorrelation 

Visual interpretation of wildlife-vehicle collisions revealed that spatial clustering 

existed within the study area (Figure 19). The data was analyzed geospatially through 

ArcGIS 10.1 through various analyses. To assess the scale of spatial clustering for the 

study area the Ripley’s K spatial cluster analysis was used.  The degree of clustering was 

then further analyzed with the Global Moran’s I and Analyses Average Nearest Neighbor 

for more refined analysis. 

 

Figure 19. Spatial Clustering of Wildlife-vehicle Collisions of the Study Area  
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Ripley’s K Spatial Clustering 

The Ripley’s K function shows the degree that collisions deviate from spatial 

homogeneity with distance by analyzing dispersion over a spatial scale (Clevenger, 2003, 

ESRI, 2015). Results showed spatial aggregation of collisions up to 14 km and spatial 

dispersion above that distance (Figure 20). From this, it can be said that location of 

collisions within roughly three 5 km segments of analysis of this study were highly 

correlated in spatial clustering, yet segments of the roadway beyond this distance 

measure did not play a role in aggregation.  One factor that may contribute to this 

distance differential is the highly fragmented landscape with few remnant gallery forest 

patches utilized for movement by fauna. Remnant patches may on average have a great 

enough distance from other patches, forcing fauna to move through the landscape mosaic 

above the 14 km threshold creating a dispersal effect with greater distance. Within this 

threshold, fauna then alter habitat use in the fragmented landscape that result in clustering 

of collisions. Analyzing patterns of spatial clustering within this 14 km threshold will 

prove useful for understanding the various factors that influence clustering of collisions 

and consequently areas for successful mitigation.  
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Figure 20. Ripley’s K Spatial Clustering of Study Area  

Global Moran’s I 

The Global Moran’s I analysis showed a significant spatial difference (z-score= 4.903) 

than expected under a random distribution with a high statistical confidence (p=0.000001 

at a 99% confidence interval). This suggests that the location of collisions are spatially 

heterogeneous across the study area and that clustering patters are highly probable (Table 

8). 

Table 8. Geospatial Analysis Results  

Nearest Neighbor Summary     Global Moran's I Summary   

Observed Mean Distance 207.370 m  Moran's Index 0.489 

Expected Mean Distance 3732.410 m  Expected Index -0.00216 

Nearest Neighbor Ratio 0.056  Variance 0.0101 

z-score -38.877  z-score 4.903 

p-value 0.000  p-value 0.000001 

Distance Method EUCLIDEAN  Distance Method EUCLIDEAN 

Study Area 25800 km2  Row Standardization FALSE 

   Distance Threshold 2921.137 m  

Nearest Neighbor 

The Nearest Neighbor analysis showed that spatial clustering was significant 

(nearest neighbor ratio 0. 56, z-score=-38.88, p=0.000 at confidence interval of 99%) 



100 

over the study area (Table 8). The observed mean distance of 207 m represents the 

average distance between collisions and is substantially smaller than the expected mean 

distance of 3732 m suggesting clustering.  

Often times, studies in Brazil analyze how frequent collisions occur per kilometer.  

For this study area, 34.5 collisions were observed for each of the 15 sampling events and 

occurred every 6.25 km. This value suggests that collisions are infrequent across the 215 

km study area and potentially not a priority for mitigation. Yet, with a statistically 

significant spatial clustering pattern occurring within the 14 km threshold as observed 

with the Ripley’s K and Global Moran’s I analysis, the distance of 207 m between 

neighboring collisions communicates a much more refined spatial scale that is highly 

clustered. This then informs mitigation to focus within the 14 km threshold and addresses 

spatial clustering of collisions on a localized level. Shared home ranges, similar life 

history traits and coinciding habitat preferences are factors that can cause clustering of 

collisions among species on a roadway. Additionally, shifts in behavior in response to 

anthropogenic and seasonal disturbance as well as presence on the roadway, such as the 

crab-eating fox, utilizing the artificial habitat and scavenging bird species foraging on 

killed fauna on the roadway, can greatly heighten clustering patterns.  

Assessing the occurrence of highly clustered collisions or “hotspots” within the 

study area, that appropriately address the 207 m mean distance between neighboring 

collisions, will lead to an understanding of these patterns and greatly inform effective 

mitigation that fits with the landscape.  
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5.5.2 Hotspot Analysis 

Local Moran’s I Cluster Analysis 

 

Figure 21. Local Moran’s I Cluster Analysis of Study Area  

Local Moran’s I showed significant spatial autocorrelation represented by positive values 

clustered in discrete locations within the study area in relation to land use as well as  

physical and biological characteristics of the landscape (Figure 21). Two hotspots fall 

within the Upland Zone, five within the Agricultural Zone and significant clustering in 

the Pantanal 2 Zone. This observation suggests that habitat heterogeneity and high land 

use of cattle ranching and agriculture has concentrated collisions to discrete locations for 

the Upland and Agricultural Zones (Figure 22). However, different parameters exist for 

the Paraguay River Basin and its lower elevation flood lands (Figure 23). Evaluating 

these locations through the Kernel Density Analysis and Getis Ord Gi* Hotspot Analysis 

will stratify factors influencing these patterns of clustering. 
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Figure 22. Local Moran’s I Cluster Analysis of the Agricultural Zone  

 

Figure 23. Local Moran’s I Cluster Analysis of the Construction and 

Pantanal 1 and 2 Zones  
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Kernel Density Analysis 

 

Figure 24. Kernel Density Hotspot Analysis of Study Area  

Kernel Density smoothing, with a 1500 m radius, revealed seven hotspots in the 

study area (Figure 24). These hotspots are located in the Upland Zone, the Agricultural 

Zone and in the transition between the Agricultural Zone and the Pantanal 1 Zone, 

suggesting that the landscape played a significant role in clustering of collisions. 

Hotspots did not have homogeneous species compositions, suggesting that species 

use the landscape in varying ways and are not equally vulnerable across the study area 

(Table 9). Capybara and black vultures were the most represented species in all hotspots, 

followed by the crab-eating fox and collared anteater. However, these species were not 

evenly represented across hotspots. The capybara and crab-eating fox were more evenly 

distributed through the Agricultural Zone while the collared anteater, giant anteater, 6-

banded armadillo and caiman were only represented in more transitional and upland 
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hotspots. Interestingly, all scavenging bird species were represented in hotspots 

suggesting that mitigating for other species classes will mitigate for these species.  

Table 9. Kernel Density Hotspot Analysis Results  

Species 1 2 3 4 5 6 7 Total 

Hydrochaeris hydrochaeris  4  2 2 1 7 16 

Coragyps atratus  1  1 4 1 3 10 

NI  2 1   3 2 8 

Cerdocyon thous 1  1 3  2  7 

Tamandua tetradactyla 1  6     7 

Caiman yacare  1 4     5 

Caracara plancus 1 1    2 1 5 

Myrmecophaga tridactyla 2   2    4 

Euphractus sexcintus 1 1  1    3 

Cathartes aura 1      1 2 

Asio clamator       1 1 

Columba picazuro     1   1 

Leopardus pardalis       1 1 

Tapirus terrestris     1   1 

Tayassu pecari      1  1 

 

Hotspot 1 

Hotspot 1 was found in upland habitat between Aquidauana and Miranda in high 

land use cattle ranching of the Upland Zone (Figure 25). This region has become highly 

fragmented with distance between fragments ranging from 0.1-1.7 ha (Cáceras, 2010a). 

This isolation between fragments forces fauna to utilize the remnant gallery and closed 

Cerrado forest fragments for migration through their home range. In detailed 

investigation of the land classification within this hotspot, it can be observed that a 

distinct remnant of forest cover exists in the northwest spanning to the southeast and 

comes in conflict with the roadway at the hotspot. This suggests that upland Cerrado 

fauna species are not able to be diffused throughout the landscape and are concentrated to 

isolated crossings that result in a high frequency of collisions. Mitigation for this hotspot 
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would be the installation of safe crossing structures with associated fencing to facilitate 

movement through continuous forested corridors that bring fauna in contact with Br-262. 

 

Figure 25. Kernel Density Analysis - Hotspot 1  
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Agricultural Zone 

As can be seen in Figure 26 Hotspots 2, 3, 4 and 5 are located within the 

Agricultural Zone and are typified by high land use of agriculture and cattle ranching.  

 

Figure 26. Kernel Density Analysis Hotspots found in the Agricultural Zone  

Hotspot 2 

Hotspot 2 was found 20 km west of Miranda proper on the transition of high 

agricultural and cattle ranching land use of the Agricultural Zone (Figure 27). This 

historically Cerrado habitat that has since been converted to cattle pasture has a lack of 

dense cover used as refugia by fauna, and thus they are forced to move through the 

fragmented landscape along patch edges. In areal imagery, multiple pathways can be seen 

across the roadway suggesting that the fauna are dispersed across the wide radius and 

vulnerable to contact with vehicles. Capybara represent a great percentage of species 

killed. The species represented are terrestrial and semi-aquatic species that show a habitat 
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preference for marsh and wetland areas typical to that of the Miranda River that flows 

south, just north of this hotspot and under BR-262 with a high elevation expansive bridge 

structure to the immediate west.  Mitigation at this hotspot will need to focus on 

facilitating safe crossing of capybara in connection with the existing bridge to maintain 

habitat connectivity.  

Hotspot 3 

Hotspot 3 was found in Miranda’s Agricultural Zone at Fazenda San Francisco 

rice plantation, where a solid stand of dense forest exists of the remnant Cerrado 

vegetation on the north side of BR-262 and connects with a large forested patch south of 

the roadway (Figure 28). Faunal species are using the western edge of this fragmented 

forest and agricultural/ pasture land as corridors for movement. The Yacare caiman and 

collared anteater comprise the most abundant species in this hotspot. Caiman are reported 

to inhabit rice ponds and irrigation ponds as part of a habitat shift in response to 

anthropogenic disturbance (Sidle, 2001). The species are most likely in such high conflict 

at this hotspot due to the prevalence of artificial habitat on the rice plantation. 

Coincidently, collared anteaters are insectivores that are typical to grasslands and pasture 

lands of the region and often benefit from the movement of cattle in agitating food 

sources as they graze. The abundance of this species in this hotspot is most likely due to 

the intensive cattle ranching on either side of the roadway with closed forest cover 

facilitating crossing at the discrete location of the hotspot. Mitigating for these species 

need to focus on facilitation of movement that minimizes conflict with the roadway.  

Hotspot 4 

Hotspot 4 was found in Miranda’s Agricultural Zone where a small creek crosses 
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the roadway (Figure 29). Water dependent species such as the capybara use locations of 

water to move through fragmented landscapes. Additionally, the crab-eating fox and the 

threatened giant anteater, which are Cerrado and grassland species, were found in high 

frequency of collisions in this hotspot. These species are also highly correlated with 

anthropogenic disturbance and their prevalence in this habitat is likely to persist. 

Successful mitigation options should focus on preventing access to the roadway, which is 

for the crab-eating fox to utilize as artificial habitat, and to outfit existing culverts with 

dry paths, or high walking structures, that allow fauna to escape rising waters as safe 

passage ways, to maintain connectivity through the landscape.  

Hotspot 5 

Hotspot 5 is found in Miranda’s Agricultural Zone along an existing small water 

body that has been used as a watering supply for local land use (cattle or agricultural) 

(Figure 30). The high frequency of collisions and significant spatial clustering is due 

mainly to this structure in a fragmented homogeneous landscape of converted Cerrado 

bordered by a historic stand of gallery forest. Capybara and black vultures comprise the 

abundance species in this hotspot, with the vulture most likely feeding on previously 

killed capybara. Successful mitigation options would be to fence the roadway along this 

water body to reduce permeability of the species to this artificial habitat and into 

continued conflict with the roadway and to provide safe crossing elsewhere that fits with 

existing natural corridors.  

Hotspot 6 

Hotspot 6 was found at the north western portion of Miranda’s Agricultural Zone 

where high use agriculture and pasture land dominates the south side of the road and the 
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expanse of the Pantanal wetland borders the road to the north (Figure 31). This hotspot 

has a heterogeneous species composition and mitigation at this hotspot and Hotspot 7 will 

focus on advising the driver to the risk of fauna in the roadway through signage and 

speed reductions.  

Hotspot 7 

Hotspot 7 was found in the northwestern edge of the Agricultural Zone transition 

into the Pantanal 1 Zone. The Pantanal floodplain’s low elevation that experiences 

seasonal inundation supports a great biodiversity of marsh and aquatic and semi-aquatic 

species. The Pantanal wetland borders the roadway to the north and south with the South 

Pantanal State Park to the northwest and the Serra da Bodoquena low-lying mountains to 

the south. This hotspot coincides with a small ancillary road that t-intersects BR-262 

(Figure 32). Species composition of this hotspot is primarily capybara and black vultures. 

Mitigation should then focus on minimizing collisions at this intersection by providing 

safe passage for capybara.  
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Figure 27. Kernel Density Analysis - Hotspot 2  
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Figure 28. Kernel Density Analysis - Hotspot 3  
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Figure 29. Kernel Density Analysis - Hotspot 4  
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Figure 30. Kernel Density Analysis - Hotspot 5  
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Figure 31. Kernel Density Analysis - Hotspot 6  
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Figure 32. Kernel Density Analysis - Hotspot 7  
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Getis Ord Gi* Hotspot Analysis 

The Getis Ord Gi* Hotspot Analysis took into consideration the statistical 

significance of nearest neighbor and statistical clustering of collisions aggregated into 

each 5 km segment of the roadway. Results of the analysis with highly positive z-score 

values show more statistically clustered events as hotspots and highly negative z-score 

values as lowspots. The analysis showed six regions of high statistical spatial 

autocorrelation (z-score= 0.815-2.875) located in the Pantanal 1 Zone and the Pantanal 2 

Zone and three locations so low spatial autocorrelation (z-score= -2.370-1.194) located in 

the Construction Zone (Figure 33). The Upland Zone was not analyzed in a more  

 

Figure 33. Getis Ord Gi* Hotspot Analysis of Study Area  

detailed manner due to weak z-score values communicating low spatial autocorrelation of 

collisions in this region. Further, the Agricultural Zone was only analyzed in detail with 

values with significance represented as orange and red communicating a variable trend 
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throughout the zone. 

Species composition of the analysis showed that a high frequency of capybara, 

Yacare caiman, southern-crested caracara and the black vulture were found through all 

segments in this analysis. The crab-eating fox, collared anteater and the threatened white-  

Table 10. Getis Ord Gi* Hostpot Analysis Results Per Segment  

 Agricultural Zone P1 Zone 

Pantanal 2 

Zone  

Species 19 20 21 25 29 30 31† 32 33 41 42† 43† Total 

Hydrochaeris 

hydrochaeris 2 3 5 3 1 2  9 1 1 12 6 45 

Caiman yacare*  1 5 1  3 5 2 2 4 3 3 29 

Caracara plancus  1  1 2 2 1 1 6  2 2 18 

NI 2 2 2 1  3  2 1 1 2 1 17 

Coragyps atratus    4 1 2  4 3 1  1 16 

Cerdocyon thous  1 1  3 5 1    2 1 14 

Tamandua 

tetradactyla  4 4 2   1      11 

Tayassu pecari *     1 1    6 3  11 

Myrmecophaga 

tridactyla * 5  1 2      1   9 

Cathartes aura 1       2    1 4 

Blastocerus 

dichotomus*      1    1 1  3 

Mazama sp.* 1    1 1       3 

Nasua nasua     1     1  1 3 

Pecari tajacu      1     2  3 

Tapirus terrestris    1 1  1      3 

Columba picazuro    2         2 

Euphractus sexcintus      1      1 2 

Leopardus pardalis*       1 1     2 

Lontra longicaudis       1 1     2 

Procyon cancrivorus 1       1     2 

Asio clamator        1     1 

Euphractus sexcintus 1            1 

Galictis cuja    1         1 

Tyrannus 

melancholicus                   1     1 

All results represent Getis Ord Gi* result z-score value of 0.815-

1.939      

† Denotes high red z-score values ranging 1.939 - 2.975       

* Threatened and Listed 

Species             

 

lipped peccary and giant anteater substantially represent collisions, however, great 
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variability existed in species composition of collisions over segments (Table 10). The 

crab-eating fox was more prevalent in the Pantanal 1 Zone and the collared anteater was 

only represented in the higher dryer segments to the east. The threatened giant anteater 

was more prevalent in collisions in the Agricultural Zone while the white-lipped peccary 

was more prevalent in the Pantanal Zones. 

In analyzing the Agricultural Zone (Figure 34), a variable trend was found with 

slightly correlated values (z-scores= 1.194-0.815) and positively correlated values (z-

score=0.815-2.875). This variability can be explained by the diverse ways in which the 

species naturally and artificially use and move through this zone. It was observed in other 

analyses that this zone has an elevated rate of collisions (0.178 indiv/ km/ m) and 

substantial spatial clustering in hotspot aggregations thus suggesting mitigation focus. 

This zone shows collisions of the capybara, Yacare caiman, southern-crested caracara,  

 

Figure 34. Getis Ord Gi* Hotspot Analysis of the Agricultural Zone  
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the black vulture and crab-eating fox in high frequency of collisions. Segment 31 showed 

high spatial autocorrelation and localized attention should be given to this portion of the 

roadway since it falls between Hotspot 6 and Hotspot 7. Yacare caiman dominate 

collisions in this segment and mitigation specific to the onset of the seasonal rains for this 

species will prove effective for reducing collisions. Segment 19 showed a high collision 

frequency by the threatened giant anteater. Mitigation in this portion of the roadway will 

reduce the threat to the species as well as reduce collisions for this segment. 

In analyzing the western zones of the study area, it was found that the Pantanal 1 

and 2 Zones showed high spatial correlation of collisions (z-score= 0.815-2.875) 

resulting in significant hotspots and the Construction Zone showed a significantly low 

spatial correlation (z-score = -2.370—1.194) resulting in a lowspot (Figure 35). 

The.Pantanal 2 Zone had a rate of 0.280 indiv/ km/ m, suggesting high mitigation 

priority, while the Construction Zone has a rate of 0.050 indiv/ km/ m showing its 

strength as the desired/ background collisions rate model 

The Pantanal 2 Zone showed collisions of capybara, Yacare caiman, white-lipped 

peccary, southern-crested caracara and the black vulture. Attention should be focused on 

mitigating for capybara in segment 42 and 43 and for the white-lipped peccary in 

segment 41 which show considerably elevated collision frequency for the species. 

Despite the Pantanal 1 Zone’s low collisions rate of 0.149 indiv/ km/ m, this 

analysis showed this zone as a priority for mitigation focus. This zone showed moderate 

spatial correlation, with high correlation in segment 31 to the immediate southwest. 

Furthermore, the Pantanal 1 Zone is located in low-lying Pantanal wetland habitat and the 

unimodal flooding of this region prevents expansive land conversion for economic 
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development. Additionally, the location of the Serra da Bodoquena, Morro Azeite and 

Morro Azul low-lying mountains to the south/ southwest of the roadway provides critical 

 

Figure 35. Getis Ord Gi* Hotspot Analysis of the Construction Zone and 

Pantanal 1 and 2 Zones  

habitat for fauna as floodwaters inundate the Pantanal floodplain located to the north of 

the roadway. Fauna utilize these segments of the roadway as cross over locations and as 

land in the Agricultural Zone continues to be converted, this transition area will become a 

more critical location of high mobility and thus a region of elevated collisions.
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CHAPTER 6 DISCUSSION 

6.1 Discussion 

6.1.1 Common v. Rare Species Abundance 

Wildlife-vehicle collisions are a significant threat for small populations as well as 

for threatened and endangered species. Collisions can often be the tipping point that drive 

populations toward extinction (Cook, 2013). The Florida Panther (Puma concolor coryi) 

has long been threatened with habitat loss and home range encroachment from urban 

development and sat on the brink of extinction until populations began to rebound with 

conservation efforts. Despite successful management, growth and juvenile dispersal, the 

population has experienced 50% mortality from wildlife-vehicle collisions (Hobday, 

2008).  

The current size and abundance of species populations in Brazil is hard to 

quantify. Due to this, the exact impact of roadways on biodiversity and surrounding 

ecosystems is not clearly known. Collision studies give an indication of the effect of 

roadways on a localized level, however with more than 1.5 mil kilometers of roads in 

Brazil, the synergistic effect of multiple overlapping habitat regions and highly migratory 

fauna species remains unknown (Cacella, 2006).  

Common species are typically well represented in wildlife vehicle collision 

studies, yet their importance factor in the ecosystem may be of much less value than 

species that hold unique ecological niches. Often times, rare, threatened and endangered 
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species are less represented in collision studies, however, the threat of roadway on their 

movement and survivability is still great (Teixeria, 2013). If studies only focus on species 

represented in collision studies, than target species, umbrella species, threatened and 

endangered species, species richness factors and landscape dynamics will be somberly 

overlooked. Mitigation that is solely based on addressing the parameters of the specific 

suite of species represented in collision study results grossly overlooks the vulnerable 

species along the roadway and may perpetuate their further threat to survivability 

(Badger, 2010). This discrepancy in focus of road planning and mitigation can greatly 

limit the effective potential of collisions studies at addressing the specific threats on a 

localized level.  

One method to better represent both common and rare species is to conduct 

collision analyses by grouping classes of species, which is often done in Brazilian 

Environmental Impact Assessments. Yet, often times the use of surrogate groupings to 

best explain complex faunal characteristics is risky and does not assess the complex and 

unique ways that species interact with the landscape. It is recommended, instead, to 

assess hotspots within groups that are spatially different from each other and that are 

scale dependent. If hotspot for common and rare species are spatially coincidental, then 

results of collision studies that look at the total volume of species hit, even if the majority 

of species affected are common species, can inform mitigation options for rare species. 

Assessing the ways that these various groupings move through the highly fragmented 

landscapes that experience great seasonal variability will provide a clearer view into 

parameters affecting collisions of this unique region (Teixeria, 2013). 

An additionally important focus of collision studies is that many species 
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represented in abundance surveys, as well as collision studies, may have a high local 

abundance while remaining globally rare. For this study region, the white-lipped peccary 

and the jaguar are both listed as Vulnerable on the IUCN Red List, yet are found in great 

abundance in the Pantanal biome (Cáceras, 2010b, International, 2015). The Yacare 

caiman is found in bountiful abundance in the Pantanal (populations exceed 35 million), 

yet the species is listed on the CITES Appendix II due to skins trade (Azevedo, 2012, 

Convention, 2015). Conversely, the maned wolf and giant otter, both listed as Near 

Threatened on the IUCN Red List, are infrequently observed in collision studies yet have 

more abundant populations in this region. Limiting mitigation analysis only to species 

composition of collisions studies greatly underrepresents the abundance and species 

composition of a region and the factors contributing to their survivability. The Cerrado 

and Pantanal biomes serve as refugia for many species from other regions of the country 

and provide source populations for numerous metapopulations throughout the highly 

fragmented landscape of Brazil. Focusing mitigation on conserving this important region 

and its valued fauna will then prove most effective at addressing conservation on a 

greater spatial scale as well as reducing collisions on a localized level.  

6.1.2 Collison Survey Implications  

Truici (2009), while studying wildlife-vehicle collisions along RO-383, found 

actual collisions were underrepresented due to larger animal that are hit by vehicles will 

leave the road surface to die in more protected terrain, whereas carrion birds and 

carnivorous wildlife will pull carcasses from the road surface to feed on the safer terrain 

of the road verge. Along these lines, small birds and other wildlife are often thrown from 

the road area upon impact and are hard to detect or are scavenged upon in the road verge 
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and not identified in sampling efforts (Melo, 2007). Thus, roughly 30% of fauna killed 

die away from the roadway and are not counted in collision studies. Studies are 

underrepresenting the actual effects of the roadway on biodiversity and often threatened 

and endangered species implications remain estimated rather than realized (Hobday, 

2008, Teixeira, 2013c).  

In this manner, data collection methodology is commonly conducted from a 

moving vehicle at 30-60 km/ hr along the study highway and typically only large to 

medium wildlife is catalogued which does not show a true representation of the actual 

incidents of occurrence. Sampling on bike/foot, in comparison to vehicle or motorcycle, 

found greater numbers of small individuals, namely amphibians along RO-383 (Truci, 

2009). Understandably, collection at this manner of accuracy is time consuming and 

costly.  

It is then accepted within the road ecology community, that methodology of 

collision studies do not always reveal a true representation of actual degree of wildlife 

killed on roadways. Instead, only surveys of the mammal class retuned results that were 

similar to actual road impacts, while bird, reptile, amphibian and invertebrates collisions 

are highly underrepresented (Collision, 2014, Glista, 2009, Hodbay, 2008, Ratton, 2014a, 

Teixeira, 2013c). Since sampling effort for these other classes is time consuming and 

costly, it is suggested instead to make inferences from threats realized within the mammal 

class to inform trends of these other classes.   

Teixeira (2013c) suggested a mortality rate estimation model (Figure 36) that 

provides a coefficient applied to survey data where λ = number of road-kills per unit 

time, TR = carcass removal from the road by a characteristic time, TS = time separation 
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between sampling, p= searcher efficiency. This coefficient then can be used for all 

surveys where carcasses are removed by local fauna during measurements, fauna may die 

away from the roadway greatly increasing survey effort (low TS/TR) decreasing searcher 

efficiency (p) and can be particularly helpful in analyzing surveys with low n.  

 

Figure 36. Equation For Wildlife Vehicle Collision Mortality Estimation 

When Considering Carcass Removal Time And Searchers Detectability 

Factors In Survey Underestimated Results (Teixeira, 2013c)  

Then from observed trends in the collision survey and with the coefficient 

applied, conducting more vigorous and “slower” concentrated sampling of critical 

segments of roads may provide greater insight into the full scope of wildlife affected. 

This will then provide implications for the best management practices for mitigation 

actions at those locations of critical threat (Teixeira, 2013c, Truci, 2009). 

6.2 Findings of BR-262 Analysis 

6.2.1 Species Composition 

The most frequent species found in collisions were the capybara, Yacare caiman, 

crab-eating fox, southern-crested caracara, collard and giant anteater, black vulture, 

white-lipped peccary, and the 6- and 9-banded armadillos. Unique to this group are the 

light-inhibited species such as the crab-eating fox, armadillos and anteaters, as well as 

various other species.  

Many of these species are nocturnal and have light-inhibited vision. They forage 

at night for resources and cross over the roads as part of their home range movement. 

When passing over the roadway, these species may be startled by oncoming traffic and 
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invoke a freezing defense mechanism blinded in the vehicle’s headlights. This biological 

characteristics serve well with avoiding predation yet result in high mortality of the 

species in collisions (Caceres, 2011). 

Carrion birds such as the Southern-crested caracara and the black and turkey 

vultures encounter a higher rate collisions due to the available food source found on 

roads. It is speculated that a much higher frequency of collisions for these species are due 

to the amount of time spent foraging on the road surface (Melo, 2007). Other omnivorous 

species fall victim to this fate as well such as the crab-eating fox and 6-banded armadillo 

(Coelho, 2008).  

Threatened and endangered IUCN Red Listed and CITES Appendix I & II species 

were found spatially and temporally differently across the entire study area. From this it 

can be said that conservation efforts to address the whole of the issue of collisions will 

greatly benefit those of most concern as well as the region as a whole. Addressing the 

issues associated with habitat fragmentation coinciding with addressing hotspots of 

collisions for all species is a much needed focus in this region if continued land 

conversion for agriculture and livestock production takes place.  

Despite the low frequency of threatened and endangered species found in this 

study in relation to species abundance in the landscape, Barcelos (2013c) found in a 

similar study of BR-262 from Aquidauana to Corumbá the jaguar (Panthera onca) and 

the maned wolf (Chrysocyon brachyurus), both considered Near Threatened by the 

UCUN Red List, in collisions. However, a high frequency of CITES Appendix I & II 

listed species were found in this study suggesting the importance for mitigation in 

maintaining populations in the face of illegal trade and harvesting.  
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6.2.2 Spatial Relationship 

Intensive land use in the eastern extent of the study area has left the Cerrado-

Pantanal region severely fragmented. This has great implications for terrestrial fauna that 

are dependent on movement between fragmented and isolated habitat patches, making 

them exposed to diverse threats to survival (Cacella, 2006). Fragmentation leads to 

habitat interruptions which create metapopulations consisting of unstable subpopulations 

where extinction is common. In studying the habitat behaviors of fauna specific to this 

region, it was found that smaller faunal species have the ability to exist in small 

fragmented patches while larger species must move between patches to ensure 

persistence of the population (Caceres, 2010). Despite the heterogeneity and complexity 

of the landscape, the conservation status and remnant large blocks of continuous habitat 

in the Cerrado and Pantanal serve as refuge for large wildlife as well as important species 

from other states in Brazil and surrounding countries (Cáceras, 2008b). This great 

abundance of fauna, with frequent movement through the habitat mosaic, results in a 

higher frequency of collisions for this region than would normally be expected without 

such anthropogenic forcing.  

6.2.3 Temporal Relationship 

For Coelho (2008), traffic flow did not explain monthly temporal variation of 

collisions in the Atlantic Reserve. It was proposed instead that temporal patterns of 

species’ activity and abundance had a greater effect on the frequency of kills, 

communicating which species were most affected. The discrepancy they faced was the 

fact that the majority of species studied were nocturnal when rates of traffic were lowest, 

thus oversimplifying the relationship. If traffic data could be recorded for the day 



128 

previous to sampling or better, the night before sampling, since that is when the volume 

of collisions occurred, and linked to the sample data, then a more realistic relationship 

would exist.  

Truci (2009) found a higher frequency of wildlife vehicle impacts for RO-383 in 

the dry season in Rodonia due to elevated traffic flow associated with agricultural 

harvesting. In accordance with this, Melo (2007) found that collisions were higher at the 

end of the dry season for BR-070 due to burning of pasture and agricultural land that 

forced wildlife to use roads as manner to escape from fire and smoke. Conversely, 

Cáceras (2012) in a study of upland Cerrado habitat of BR-262 between Campo Grande 

and Aquidauana, found that traffic flow did not have an effect on the seasonality of 

collisions and that the influence comes rather from more climatic pressures. The seasonal 

variability of resources, food sources, conditions of temperature and humidity, as well as 

times of greatest displacement (limiting resources, habitat inundation), reproductive 

activity, dispersal and recruitment (or lack of mobility with nursing young) had a more 

significant influence in temporal occurrence of collisions in this region. de Carvalho 

(2014) in a study of MS-080 from Campo Grande northward, varied monthly with 

elevated collisions in April (wet season) and lowest collisions in August (dry season) 

suggesting that this region is less affected by traffic rates and more my the seasonal 

factors of the Cerrado-Pantanal biomes.  

This study found a similar pattern, with significantly greater frequency of 

collisions in the wet season as compared to the dry season and more specifically, the 

interaction of the rain and flood pulse of the lower Paraguay River Basin proved to have 

the greatest impact on collisions. A possible and very plausible reason for this observance 
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is explained by the topography of the area (Figure 3). The Rio Paraguay Basin comprises 

an expansive portion of the study area and receives great sources of rainwater from lesser 

latitudes during the rainy season, inundating habitat and displacing wildlife (Caceres, 

2010, de Souza, personal communication, 2015). Fauna that typically used habitat 

fragments are displaced by the compiling rainwaters and natural corridors of movement 

through culverts, under bridges and other safe passages become inaccessible. Fauna is 

then forced to higher grounds of the raised roadway, roughly 4m above surrounding 

wetland and crosses the roads on the road surface (Van der Ree, 2007). Focusing 

mitigation on the February-March-April seasonal window will provide the best allocation 

of funding and resource efforts with the most significant reduction in collisions.   

6.2.4 Diet & Foraging Habits Relationship 

Cook (2013) analyzed 8028 wildlife-vehicle collisions on 3,972,437 km of 

roadways from 11 studies conducted on three continents as to vulnerability of collisions 

by species characteristics such as diet, time of activity, body mass, flight distance, max 

running speed and sociality. It was found that herbivores (p=0.006) and omnivores 

(p=0.007) were significantly vulnerable to collisions, yet, the other parameters varied by 

study site. In analyzing the Cerrado-Pantanal region, it was found that no significant 

statistical difference existed for analyzing diet, habitat of activity and temporal habits of 

activity in relation to collision vulnerability.  Cáceras (2011) in analysis of three 

roadways in the Cerrado-Atlantic Forest region of Mato Grosso do Sul and Goiás state, as 

to similar parameters of species mobility, location of activity, body size, threat 

classification and taxon age found that abundance in the biome had greater influence on 

collision frequency than diet and foraging habits.  
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Although the analysis of this study had low correlation strength, results of this 

study show how knowledge of local diet and foraging habits may inform where and how 

best management practices can be successfully implemented. The activity of a majority 

of species is crepuscular, thus mitigation that focuses on driver visibility in these times 

can reduce collision frequency to the greatest degree. The diet of omnivore and scavenger 

species showed an elevated vulnerability to collisions and thus mitigating for collisions 

along the roadway will decrease vulnerability of these foraging groups. The habitat 

location of species vulnerable to collisions can inform where safe passage ways should be 

installed to most appropriately address collisions, however it is important to remember 

that safe passage structures facilitate movement for the suite of species moving through 

the landscape and not just those represented in collisions.  

6.2.5 Hotspots 

Wildlife-vehicle collisions are typically spatially clustered rather than being 

randomly distributed across the roadway (Baruch-Mordo, 2008). Clustering is then 

dependent upon species abundance, habitat interactions, home range distribution and 

movement and road related factors such as road design, local topography, vehicle speed, 

road verge vegetation and width (Clevenger, 2003). Evaluating the temporal and spatial 

distribution of collisions is critical for effective placement of mitigation. It is of greatest 

importance to identify collisions on a large scale first and then through more refined 

analysis identify exact placement of mitigation that fits the landscape and species 

movement (Teixeria, 2013).  

This study found a high level of spatial autocorrelation of collisions in discrete 

hotspots and critical segments of the roadway for mitigation focused planning. The 



131 

locations of hotspots were highly associated with intense land use of agriculture and 

cattle ranching with the capybara, black vulture, crab-eating fox, collared anteater, 

Yacare caiman and the giant anteater being most affected. In analyzing the landscape 

surrounding the roadway and investigating how the species use the habitat, the need to 

facilitate safe crossings for many of these species through the road barrier becomes 

apparent. Numerous existing pathways of fauna across the roadway were identified as 

well as remnant forested fragments of gallery forest and closed Cerrado forest canopy 

bordering the roadway. Utilizing these natural paths and facilitating safe movement of 

fauna in relation to these forested patches with mitigation action items will most 

effectively address these species as well as others that move through the landscape yet are 

not at such a high vulnerability to collisions. Additionally, the removal or separation of 

artificial habitat from the roadway will further address how these species interact with the 

landscape and come into conflict with the roadway.  

In analyzing critical segments, multiple significantly high and low correlated 

segments were identified. The Agricultural Zone showed a variable trend suggesting that 

this region shows priority for mitigation, however due to this variability focus on 

mitigation action items at hotspots locations will prove more effective. The western 

region of the roadway in the low lying Pantanal wetland showed higher correlation 

strength of high and low aggregation and thus mitigation priority that seeks to alleviate 

collision vulnerability in this region will prove effective. Road repairs that took place 

during the study sampling period showed that speed reduction, signage and the effect that 

human activity had on keeping fauna away from the roadway greatly reduced collisions 

to the desirable background rate of the dry season. As construction activities cease and 



132 

these segments no longer have this treatment, it would be expected that the removal of 

speed reduction and the improved roadway would increase driver’s speeds and result in 

highly correlated segments similar to the other Pantanal Zones. The roadway here in this 

western extent is highly vulnerable to flooding from the inundation flood pulse of the 

Paraguay River. Due to this, little economic viability can be utilized from these lands and 

much of the landscape has remained untouched.  Additionally, the location of the South 

Pantanal State Park to the north of the roadway protects critical habitat for many native 

and refugia faunal species. The high seasonal migration through species home range and 

the roadway construction just four meters above the surrounding wetlands make conflicts 

with the roadway frequent. Mitigation in this western extent can then be more focused on 

altering driver behavior to effectively lessen the threat to the rich biodiversity of this 

region.  

6.3 Future Planning 

6.3.1 Conservation  

The Cerrado was named by Myers (2000) as one of the world’s top 25 ecological 

hotspots due to its high level of endemism and destruction (Zimbres, 2013). The 

Pantanal’s rich biodiversity and cultural significance has been recognized as a Wetland of 

International Importance at the Ramsar Convention and in 1988, was named a National 

Heritage site in the Brazilian Constitution, thus a high priority for protection and 

ecological preservation (Alho, 2011a, 2011b, Evans, 2014, Seidl, 2001). The Pantanal is 

part of the Paraguay-Parana Humid Zone System that provides crucial ecological services 

and functions such as regulating river systems, mitigating flood and drought, recharging 

aquifers and purifying and providing large sources of water. The sustainable management 
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and conservation of this humid zone then would maintain biodiversity, ecological cycles, 

provide disaster mitigation and preserve the ecosystem (Schlesinger, 2014). Additionally, 

the Pantanal serves as a major carbon sink for carbon sequestration. Its ability to mitigate 

for climate change as a large reserve should prompt its preservation as other areas of the 

Cerrado continue to be converted (Alho, 2011, Schlesinger, 2014).  

Despite Brazilian environmental legislation becoming more rigid over the years, 

enforcement remains difficult with the current environmental institutional structure in the 

Upper Paraguay River Basin states of Mato Grosso and Mato Grosso do Sul (Alho, 

2011b). Yet, with Brazil declaring this region as the country’s agricultural frontier, less 

political will exists to support strict environmental legislation and the establishment of 

protected areas (Encyclopedia, 2011). According to the IUCN, less than 5% of the 

Pantanal is protected and 2.9% of the Cerrado is protected with only 28,500 km2 as ICUN 

Category I-IV (Encyclopedia, 2011, Evans, 2013, Schlesinger, 2014).  

The extensive annual unimodal flooding of the region has prevented vast human 

development, acting as a natural protector of the biomes (Schlesinger, 2014). Roughly 

80% of the native vegetation remains in the southern Pantanal wetland, while only 40% 

remains in the Upper Paraguay River Basin due to the high rate of deforestation for 

economic development (Alho, 2011b). Currently the area is typified by intensive cattle 

ranching and agricultural production and pressure for land conversion continues in the 

region (Casella, 2013, Fisher, 2003). Deforestation by 2012 has converted 60% of this 

region, dominated mainly by the cattle ranching (44%) and farming (11%) industries 

followed by human settlement, timber, and mining to lesser degrees. Soybean production 

has grown by 32% in Mato Grosso do Sul and 39% in Mato Grosso from 2002 to 2012 
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with an expected 24% continued growth by 2023. In this era of economic development 

for this region, sugarcane production has grown to 755,000 ha in Mato Grosso do Sul and 

203,000 ha in Mato Grosso and corn to 1,487,000 ha in Mato Grosso do Sul and 39,900 

ha in Mato Grosso. Cattle ranching has shown a 183% growth for the two states with the 

state of Mato Grosso leading the nation and Mato Grosso do Sul fourth in the country 

(Schlesinger, 2014).  

At present, Cáceras (2010a) found that in analyzing species composition in upland 

Cerrado habitat east of Aquidauana, the remnant mosaic Cerrado fragments maintained 

structural integrity to support large mammal species such as pumas tapirs, collared 

peccaries and the giant anteaters yet a high level of migration was observed from the 

Pantanal wetland 60 km to the west. This suggests that future degradation of the Pantanal 

and its rich species composition will provide less migration to the upland Cerrado 

metapopulation resulting in faunal impoverishment and large mammal species not being 

supported in this region.  

The planned Paraguay River navigation improvements will include dredging and 

river course improvements that will alter water speed and flood pulse resulting in changes 

in transport of alluvial soils to recharge agroproductive lands, impeding of fish breeding 

patterns for the commercial and recreational fishing industry and increases in land 

conversion to grain cultivation due to increased connectivity to markets in the east 

(Schlesinger, 2014). The Pantanal serves as critical migratory and waterbird nesting 

territory. Alterations to this watershed will not only affect economic development, yet the 

flora and fauna species of this biome (Junk, 2006). Currently there are 44 dams along the 

river for hydroelectric power of other proposed plans greatly overlooking the impact to 
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water cycles that this will have on generation, however 110 new projects are in the 

permitting process and are being reviewed in isolation the rich biodiversity of the 

Pantanal biome and its delicate balance (Schlesinger, 2014).  

As hunting, illegal pet trade and skin markets as well as other pressures continue, 

it is of paramount importance to consider species vulnerable to anthropogenic forcing in 

this natural environment. Though many species listed as threatened and vulnerable on 

both the IUCN Red List and CITES Appendices are commonly found in the Cerrado and 

Pantanal Biome, the significance of preserving this last frontier as a natural refugia for 

these species will help maintain their existence in Brazil as well as the economic viability 

of this region.  

6.3.2 Climate Change 

The agricultural and forested sectors of the Brazil’s economic production are 

increasingly vulnerable to climate change. It is projected that in northeast Brazil, there 

will be a decline of subsistence crop productivity and an increase in fire with forest 

dieback in the Arc of Deforestation and greater Amazon (Porfor, 2013). In order to 

provide continued food security and to meet trade goals, climate adaptation and 

mitigation will need to address increasing the per area productivity of food and pasture 

systems, specifically in central and southern Brazil as well as reducing deforestation and 

rehabilitating degraded lands for use in production. There has existed uncertainty as to 

future climate scenarios, however a program between the World Bank and Porfor in 2013 

set out to refine EMBRAPA and UNICAMP’s Agro Climatic Risk and Vulnerability 

Zoning Model and the Regional Climate Change Scenarios for South America (CREAS) 

to better evaluate future conditions (Assad, 2013, Porfor, 2013). 
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Results of the assessment showed that the southern “Agricultural Powerhouse” 

region of Brazil under climate change conditions could lose up to 5 million ha of highly 

suitable agricultural and cultivated pasture lands. In 2009, 49 million ha in the Central-

West Cerrado region were dedicated to cattle pasture lands, yet under optimistic and 

pessimistic climate scenarios, 40-60% of lands could be lost by 2030. In this region, rice 

also showed high vulnerability while corn and cotton remained at a low risk suggesting a 

shift to increase these markets as other regions become less productive (Assad, 2013, 

Porfor, 2013).  

However, variability in the timing, seasonality magnitude and location of seasonal 

rains are predicted for the region as well (Assad, 2013, Porfor, 2013). The Cerrado 

showed a reduction of 20-25% annual precipitation by 2100, while an increase in extreme 

droughts and floods predicted with this reduction will stress fauna and force more 

movement for resources or avoidance flooded regions, thus increasing the contact with 

roadways (Alho, 2011a, Junk, 2006).  Additionally, the large habitat diversity mixed with 

high anthropogenic disturbances will make this region more susceptible to exotic 

invasion on a dramatic magnitude. With the added stress under climate change scenarios, 

native fauna may not be able to occupy niche habitats and resist competitive advantage 

from outside pressures (Junk, 2006).  

6.4 Mitigation Recommendations 

In providing mitigation recommendations that support the environmental 

management efforts of ITTI/UFPR in management of BR-262 for the transportation 

authority (DNIT), various aspects must be understood to best address the various 

parameters and influencing factors for the region. Recommendations should address for 
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wildlife-vehicle collisions that reduce the threat of the roadway while maintaining the 

habitat integrity of the rich biodiversity of this region with attention to cost effectiveness 

and best management practices. Since management of this roadway will not seek 

redesign for future construction and will instead be focused on mitigating these various 

threats within the footprint of the natural landscape. Capital projects, such as underpasses 

and bridges can often be costly, with unknown effectiveness in placement and faunal use. 

As the landscape of this region continues to change with increased pressure for 

conversion for economic development and climate change, habitat and behavior shifts 

from fauna species in response to anthropogenic disturbance may continue to alter the 

ways in which species of this region interact with the landscape. Capitol projects of 

wildlife protection structures may then be installed in locations that species no longer 

frequent necessitating the need for further mitigation. Instead, implementation of various 

programs are an effective way to allocate resources and efforts that can work with an ever 

changing landscape at conserving critical biodiversity and mitigation the threat of 

collisions to drivers.  

6.4.1 Management of Species 

The species most effected in this collisions study were the capybara, Yacare 

caiman and the crab-eating fox, however mitigation planning should be focused on 

conserving critical biodiversity instead of addressing collisions of single species 

(Teixeira, 2013c). Mitigation that groups species based on diet, habits, habitat and 

interactions with the landscape are then more effective at addressing the appropriate 

landscape and biological parameters driving collisions (Cook, 2013). By addressing the 

ways in which the species of this study interact with a highly fragmented landscape, it 
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was observed that both upland Cerrado and Pantanal wetland species had shifted home 

range to the Agricultural Area. Mitigating for species such as the crab-eating fox, Yacare 

caiman, collared anteater, giant anteater and the white-lipped peccary in this region of the 

study area will prove effective at mitigating for collision threat to drivers as well as 

conserving critical biodiversity. In analyzing the relationship between collisions and the 

surrounding landscape in this region, it could be observed that many of the collision 

hotspots were located at natural paths across the roadway. Facilitating safe crossing for 

this suite of species will reduce collision frequency at these hotspots. Additionally, other 

critical locations were associated with artificial habitat structures. Preventing access of 

these species to these features along with roadway will likewise abate collisions.  

Capybara 

The capybara was found in high frequency in collisions in both the Agricultural 

Zone as well as the Pantanal Zones suggesting the importance for mitigating for the 

species across the broader landscape. Huijser (2013) found that culverts designed as 

crossing structures under the roadway specifically for the species in São Palo state were 

effective in reducing collisions of this species. The capybara has reached high population 

size in the Cerrado-Pantanal region and is found in collisions surveys frequently. The 

species is a terrestrial and semi-aquatic species and implement of safe passage should 

then be focused on locations in approximation to critical waterbodies. Designing existing 

culverts and bridge structures with dry paths for faunal species as retrofit to existing 

capitol structures is economical and effective mitigation for capybaras. Since, many 

species of this region and found in collisions surveys utilize terrestrial and semi-aquatic 

habitats as well, fitting these structures for capybara will provide useful corridor 
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structures for other species as well. Specific attention to design and approach layout can 

then attract a wider variety of targeted species in a cost effective manner. 

Yacare Caiman 

 The Yacare caiman showed a high frequency of collisions in the Agricultural 

Zone in association with rice production, irrigation ponds and borrow ditches along the 

roadway (Azevedo, 2012, Seild, 2001). Additionally, the species showed an elevated 

vulnerability in the wet season when the seasonal rain pulse begins. Mitigating that 

focuses on facilitating movement of the species yet prevents conflict with the roadway in 

this specify temporal window will prove effective in mitigating collisions for the species. 

Since caiman are active at night, nightly closures of road segments in close proximity to 

critical waterbodies utilized by the species in these times will also be a cost effective and 

labor focused mitigation program.  

Omnivore and Scavenger Species 

Omnivore and scavenger species such as carrion birds, the crab-eating fox and 6-

banded armadillo that are drawn to collisions remaining on the roadway are at increased 

risk of being hit and create a cyclical cycle of collisions (Bager, 2010). These clusters 

differ from hotspots, in that the omnivore and scavenger are less affected by the 

landscape and more strongly by the availability of foraging on the roadway. By 

mitigating for the originally species being hit, the secondary species will be reduced from 

collisions.  

Reptiles and Amphibians 

Reptiles and amphibians have poor vision and are often slow moving making 

them highly vulnerable to collisions (Carvalho, 2014). Yet, in collisions surveys these 
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classes are grossly underestimated and thus, do not receive the due attention in mitigation 

efforts (Glista, 2009, Teixeira, 2013c). In Brazil, reptiles and amphibians express higher 

activity in the wet months when temperatures are higher and resources more available. 

These species are also known to move from their home range into conflict with the 

roadway after erratic rain events in dryer months in proximity to water bodies. During 

flood events, burrows often become flooded and reptiles seek new basking locations for 

thermoregulation often choosing the hot asphalt of the roadway (Carvalho, 2014). Since 

amphibians are threatened worldwide, any mitigation that reduce collisions and facilitate 

safe movement across roadways is justifiable, especially for the Pantanal region with 

such a high faunal abundance of these classes (Encyclopedia, 2011, Junk, 2006, Niemi, 

2014). 

6.4.2 Temporal and Spatial Mitigation  

Temporal Management 

Understanding the parameters influencing wildlife-vehicle collisions on a 

roadway can inform effective mitigation strategies, however a one size fits all 

methodology is costly, laborsome and rarely achieves the desired collisions reductions.  

Instead, mitigation programs and management efforts can be isolated to specific spatial 

areas of the roadway as well as temporal periods of the year when collisions are most 

frequent (Teixeria, 2013). Due to the discrete clustering and the three month peak in 

collisions found in this study, mitigation can be implemented and enforced on a selective 

spatial and temporal scale to effectively allocate resources and address the main 

parameters influencing collisions on this roadway. Mitigation efforts should be 

temporally correlated to the coincidence of the rain pulse and the flood pulse in February-
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March-April temporal window. Additionally, since a large majority of the species found 

in collisions in this study exhibit nocturnal and crepuscular behavior, road closures at 

night in priority areas and hotspots, when collisions were greatest can provide minimal 

impact to local commerce while greatly reducing the threat to fauna.  

Spatial Management  

Vehicle speed reduction and other traffic calming efforts have proven to be highly 

effective in reducing collisions on roadways around the world (Hobday, 2008). As 

witnessed in this study, the indirect management activities of Construction Zone were 

effective at reducing collisions to the desired background rate in an area of the roadway 

that typically has elevated rates of collisions. Although mitigation required to produce 

acceptable collision rates as low as observed in this zone are economically high, the 

priority of reducing collisions still exists.  A no action alternative will most likely result 

in increased collision rates over time as more land is converted from historic Cerrado-

Pantanal habitat to economically viable lands. A minimum effort of 10% reduction will 

only lesson collisions slightly (Table 7). Huijser (2009) found that through vegetation 

management along the roadway, collisions were reduced by 38%. This low cost 

mitigation item, as with many other programmatic options, can be implemented 

immediately and reduce collisions to tangible degrees, however seasonal maintenance is 

required to keep this mitigation tactic effective.  

To reach an acceptable collision rate, a combination of mitigation actions will 

need to be implemented to reduce collisions by the desired degree. Mitigation items can 

then be selected based on their known effectiveness in other locations and calibrated for 

the Cerrado-Pantanal region. Thus, a target rate reduction of 70-75% is needed for the 
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Agricultural, Pantanal 1and 2 Zones under current conditions and a rate reduction of 75-

85% or greater for future conditions as land conversion and deforestation continue for 

this region. For mitigation priority, the background rate or “off-season” rate is suggested 

as the ideal comparison for induced and implemented mitigation action items (Bager, 

2013, Teixeira, 2013a). The dry season rate for the entire roadway was 0.050 indiv/ km/ 

m and the Construction Zone showed this same rate suggesting that speed reductions, 

construction signage and the anthropogenic induced noise and daily activities that 

influenced fauna to avoid the roadway in this zone were effective at reducing collisions to 

that of the desired dry season rate.  

Speed Control Management 

To address mitigation options that adhere to budgeting efforts, mitigation action 

items can be implemented during critical times of the year at hotspot locations for 

effective reduction of collisions. For BR-262, DNIT installed 20 solar powered remote 

speed reducers on BR-262 in 2014 as a pilot program (Figure 37) and have been 

monitoring the effectiveness of this tactic in reducing collisions and have seen a 

reduction in a short time since installation (BR-262, 2015). However, the speed reducers 

have been met with much push-back from the local community reinforcing the value of 

social and community programs that seek to include understanding of environmental 

issues and an overall sense of valuation in the communities of this region (BR-262, 

2015). Additionally, in addressing mitigation in discrete locations, speed reducers and 

fencing in association with safe passage structures can be effective at reduce the 

vulnerability of individuals that do not use structures (Badger, 2013).  
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Figure 37. Solar Powered Remote Speed Reducer installed on BR-262 (de 

Souza, personal correspondence, 2015)  

Vegetation Management 

Cacella (2006) found that the habitat surrounding the roadway played an 

important role in “who got hit where”, with the road verge creating a secondary habitat 

and running corridors along fragmented habitat. In assessing the behavioral patterns of 

the crab-eating fox, the species travels through the edge of habitats frequently and will 

use the maintained edges of the road verge as a preferred movement corridors through its 

habitat range. Since the edge of pavement is 1.5m from the active road lanes, the fox is 

traveling in high threat road areas and thus at great risk of collision (de Cunha, 2010, 

Melo, 2007, de Souza, personal communication, 2015). It is then valuable to assess the 

distance between pavement and surrounding habitat as well as the type of habitat for the 

various stretches of highway in relation to which species frequent that narrow road verge 

in addressing vegetation management mitigation. In this, the road verge artificial habitat 

and surrounding vegetation types is of high importance for installation of fencing and 

safe crossing structures.  

Additionally, road construction through low-lying lands often will take sediments 

for land aside roadways to create raised roads leaving ditch ponds/ “borrow ditches” in 

the depressions. Wildlife are often drawn to these artificial ponds and have a more 



144 

frequent conflict with roads by inhabiting these ponds. Removal of these artificial ponds 

proves to be a cost-effective mitigation action item (Hobday, 2008, Badger, 2013). 

6.4.3 Corridors 

It should be a paramount focus that mitigation efforts seek to reconnect large 

patches of habitat and link natural fragments and protected areas through continuous 

corridors to preserve conditions, maintain genetic flow, survival of species and restore 

connectivity within the region (Alho, 2011b, Fischer, 2003, Junk 2006). Gallery forests 

serve as key habitats for species that travel through the open grassland mosaic of the 

Cerrado-Pantanal region (Evans, 2013). As land continues to be converted to agriculture 

and cattle ranch land, the role of the pasture matrix shows high importance as ecological 

corridors. Linking these riparian gallery forest as corridors of movement will prove 

successful for a wide range of Cerrado and Pantanal species in order to maintaining gene 

flow of sub-populations and link expansive home ranges (Cáceras, 2010a).  

Jaguar Corridor Project in the Pantanal seeks to work with local cattle ranchers in 

preserving the largest jaguar population and one of the largest intact jaguar corridors in 

the world. The Pantanal consist of 2500 fazendas or ranches that manage 8 million heads 

of cattle. The Jaguar Corridor Project is currently working with local landowners at 

maintaining corridors through ranch lands for native species movements that do not 

interfere with economical gains (Pantera, 2015). Continued efforts from groups such as 

the Jaguar Corridor Project as well as the Brazilian government’s authority on carnivores 

(CENAP), the World Wildlife Fund and many others that seek to maintain and preserve 

the vital forested lands of this region for species habitat and successful movement, will 

mitigate for the adverse effects of a highly fragmented landscape. Then, placement of 
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safe passage ways across BR-262 that strategically seeks to link these remnant forested 

patches will prove effective at mitigating wildlife vehicle collisions and maintaining 

these corridors.  

6.4.4 Social & Community Based Mitigation 

With 95% of the Pantanal lands in private ownership and 76% in cattle ranching, 

ranchers become primary stewards of sustainable development and conservation of the 

region (Seidl, 2001). Raising Brazilian people’s public attitude towards nature and 

biodiversity can than help support environmental policy and local enforcement (Alho, 

2011a). The “Faço parte desde Caminho” program seeks to “preserve the wealth of 

natural flora and fauna” through its various environmental and social programs by 

creating a cultural identity in communities in a much overlooked region of Brazil (BR-

262, 2015). Continuation of their efforts will aid in initiating involvement from local 

landowners that provides buy-in for mitigation programs and enforcement as well as 

motivating an importance value of the rich biodiversity of these habitats. A study by 

Seidl (2001) found that with production cost calculations of cattle ranching, if ecosystem 

valuation and the sum of annualized direct and indirect values from tourism, forest 

products and forested wildlife habitat exceeded (US$2015) $289/ha/yr., ranchers would 

be motivated against deforestation and toward preserving forested habitat on pasture 

lands. As land continues to be converted for economic development, this stewardship 

could then focus on meeting the needs of both the communities that draw their identity 

and living from these amazing biomes as well as its abundant biodiversity.  

CONCLUSION 

The observed habit and home range shift of numerous species found in collisions 



146 

shows how the anthropogenic forcing of this Cerrado-Pantanal region is altering fauna 

relationships with the natural landscape and should be of top priority for mitigation focus 

as this region continues to be converted to economically productive lands.  

This shift can inform future road planning by taking into planning perspective the 

ways in which the observed conditions will change over time. As seen in this study, many 

upland Cerrado species shifted home range to the Agricultural Zone due to the suite of 

preferential habitat and resource characteristic from anthropogenic disturbance. 

Consequently, Pantanal wetland species such as the Yacare caiman and jaguar shifted 

their range to the Agricultural Zone as well, due to different resource availability and new 

artificial habitats. By studying the ways in which the fauna respond to the various 

landscape alterations will then prove effective at addressing current and future 

environmental and conservation issues of road networks on surrounding landscapes.  

Additionally, the maintained use of remnant gallery forests of the Cerrado-

Pantanal region proves its importance in conservation and habitat integrity efforts that 

should be coupled with road planning. If the landscape continues to change without the 

preservation of these habitats that facilitated movement though the landscape mosaic, 

then collisions can only be expected to increase.  

Wildlife-vehicle collisions have historically shown to be spatially autocorrelated 

across road networks. This study showed that hotspots existed at discrete locations based 

on landscape characteristics and the specific fauna shifts. Based on these teased out 

changes, the hotspot locations became predictable across the study area. Using this 

understanding of how the fauna interact with the roadway will then help inform 

mitigation options for current conditions and will then help inform where future hotspots 
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will be located. This then provides key focus to road planning and road ecology in that no 

longer do collisions surveys inform the location of collisions hotspots in situ, but rather 

that specific predictor factors can communicate where collision hotspots are located and 

will be located with future suite of dynamics. This then provides means for modeling of 

road and landscape factors to play a stronger role in understanding fauna relationships 

and addressing conservation and connectivity in the planning process and allows for 

adaptive management through implementation and future road adaptability that can be 

cost effective as well as collision effective. 

The lessons learned in this collisions survey not only help to guide mitigation 

options on this roadway, yet can inform future road planning in a highly changing 

environment. The methodology used in this analysis was of a less intensive sampling 

effort than the ITTI/UFPR study, yet comparable results were found suggesting the 

advantages of cost effect surveys with a strong focus on desktop data analysis with 

resources such as remote sensing and GIS that focus heavily on the ways in which the 

fauna interact with a changing landscape. With the Brazil’s southwest region’s continued 

pressure for conversion for economic growth, the Paraguay Rivers’ expected alterations 

and the expected climate change shifts, it is of upmost importance for road planning to 

take on a futuristic perspective that learn from the distinct findings of this study.  

Disclaimer 

Data used in this study was at the written permission of the researcher. Collection 

methods were standard to that of other collisions surveys and other reputable studies and 

the data collected was not compromised by any other works in this region.  
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