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Transportation networks have direct and indirect impacts on the ecosystems they 8 

traverse. Roads have become an omnipresent element that modify and fragment 9 

ecosystems and divide animal populations. The most direct effect of roads is the death 10 

of the animals that try to cross them as they move between habitat patches. We studied 11 

wildlife mortality along a 63-km stretch of coastal highway in Manabí, Ecuador. We 12 

conducted 12 surveys from April 2014 to July 2015 recording every animal carcass 13 

visible within the roadway and its GPS coordinates. We found a total of 916 wild 14 

animal carcasses, comprised of 501 amphibians (54.7%), 225 birds (24.6%), 103 15 

reptiles (11.2%), and 77 mammals (8.4%). Ten animals (1.1%) could not be identified. 16 

Assuming these surveys are representative of mortality rates throughout the year, we 17 

estimated that the total number of animals killed on this stretch of road is between 18 

1,860 (assuming a 15-day carcass turnover rate (CTR)) and 9,300 (assuming a 3-day 19 

CTR). Our results indicate a wide variety of taxa affected, including several threatened 20 

species. We identified road mortality “hotspots” in the region, and recommend 21 
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mitigation strategies such as traffics signs and wildlife crossing structures to reduce 22 

wildlife mortality in these locations. 23 

 Keywords: roadkill, road ecology, fauna, Ecuador. 24 

Las redes de transporte tienen impactos directos e indirectos sobre los ecosistemas que 25 

atraviesan. Las carreteras se han convertido en elementos omnipresentes que modifican 26 

y fragmentan los ecosistemas y dividen las poblaciones de animales. El efecto más 27 

directo de las carreteras es la muerte de los animales que tratan de cruzarlas para 28 

moverse entre fragmentos de hábitat. Estudiamos la mortalidad de fauna silvestre a lo 29 

largo de 63 km de la autopista costera en Manabí, Ecuador. Realizamos 12 muestreos 30 

entre abril de 2014 y julio de 2015 registrando cada cadáver animal encontrado en la 31 

vía y sus coordinadas GPS. Encontramos un total de 916 animales silvestres 32 

atropellados, conformados por 501 anfibios (54,7%), 225 aves (24,6%), 103 reptiles 33 

(11.2%) y 77 mamíferos (8.4%). Diez animales (1,1%) no pudieron ser identificados. 34 

Asumiendo que estos muestreos son representativos de las tasas de mortalidad a lo 35 

largo del año, estimamos que el total de animales muertos por atropellamientos en este 36 

segmento de vía está entre 1860 (asumiendo una tasa de renovación del cadáver (CTR) 37 

de 15 días) y 9300 (asumiendo una CTR de 3 días). Nuestros resultados indican que 38 

una gran variedad de taxones están afectados, incluyendo varias especies amenazadas. 39 

Identificamos "hotspots" de mortalidad en la región y recomendamos varias estrategias 40 

de mitigación, tales como señales de tráfico y estructuras de paso de fauna para reducir 41 

la mortalidad de la fauna silvestre en estas localizaciones. 42 

Palabras clave: mortalidad en la vía, ecología de carreteras, fauna, Ecuador. 43 

Introduction 44 

Transportation networks are usually planned based upon the potential economic and social 45 

development of the places they connect, and environmental impacts are rarely taken into 46 



3 
 

account unless they cross through natural or protected areas. These networks however, and 47 

roads in particular, result in major modifications of the ecosystems they pass through, with 48 

animal-vehicle collisions killing millions of animals globally each year [1-3]. 49 

Impacts of roads on abiotic ecosystem components include altered hydrology and 50 

sedimentation, increased noise level, and pollution [3–5]. Roads also have direct and indirect 51 

effects on the biotic components of ecosystems [6], including spread of invasive plants [3], 52 

and behavioral changes in animals [7], but animal mortality due to vehicular collisions is the 53 

main effect of roads on vertebrates [2,3], leading to the reduction of population sizes in 54 

amphibians [8], reptiles [9], birds [10], and mammals [11]. This direct impact is especially 55 

important in megadiverse countries like Ecuador due to the higher number of affected species 56 

and large numbers of rare endemics [5,12]. 57 

Fragmentation of habitat by roads increases edge effects, reducing the effective 58 

habitat area especially for edge-sensitive species [13]. Roads act as a barrier for the 59 

movement of wildlife [3, and references therein] thereby reducing genetic exchange and 60 

increasing the probability of local extinctions [14,15]. Although road ecology has developed 61 

into a discipline in its own right, data from South America are scarce [5]. Existing studies 62 

indicate that road mortality is a global threat to wildlife [5,16,17]. 63 

The main goal of this study is to determine the direct impact of an Ecuadorian coastal 64 

highway on terrestrial vertebrate fauna, and provide a baseline for monitoring future wildlife 65 

mortality as traffic increases to this developing tourism area. Specifically, we sought to 66 

identify the most affected taxa and the most critical wildlife crossing points along the 67 

highway in order to make recommendations for mitigating faunal mortality. 68 

Material and methods 69 
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We conducted this study along the Pacific coastal highway in Ecuador (E-15) between April 70 

2014 and July 2015. This 741 km long highway crosses three out of the five coastal provinces 71 

of the country (Esmeraldas, Manabí, and Santa Elena), from the Chocó region in the north to 72 

the Tumbes region in the south. We surveyed a 63-km stretch of highway between the towns 73 

of Pedernales and Rambuche, in northern Manabí province (Figure 1), that traverses 74 

threatened seasonally deciduous tropical forests and transitional ecosystems bridging these 75 

two ecoregions. The survey area lies within the Tumbes-Chocó-Magdalena biodiversity 76 

hotspot, and two Important Bird Areas (EC010 Hacienda Camarones and EC011 Tito Santos 77 

[18]). Although this road has been in place for several years it was paved and widened in 78 

2013 [19]. In the area surveyed, the road is two lanes, with an average width of 9 m and an 79 

unenforced speed limit of 80 km/h. New housing and tourism developments in the region 80 

suggest that traffic will increase along this road in the future. 81 

We carried out 12 surveys in a car moving at a constant speed of 30 km/h, with two 82 

observers checking both sides of the road, from curb to curb. For each carcass found, we 83 

classified it at least to Class whenever possible (e.g., amphibian, reptile, bird, or mammal) 84 

and recorded its coordinates (Garmin® GPSMap 78). We assumed that all animals found 85 

dead in the road were killed by collisions with vehicles. All domestic animals identified, 86 

mostly dogs, were not included in the analyses. 87 

To estimate the annual roadkill rate (individuals killed/km/year) we used the 88 

following formula: (number of carcasses/length of road in km) * (365 days/number of days 89 

monitored). A prior ad hoc study in the region determined that carcasses decompose or are 90 

removed or consumed by scavengers in fewer than 15 days (J. Meisel, unpubl. data), and 91 

published studies have utilized a range of carcass turnover rates (CTR) [e.g., 2,16]. We 92 

therefore provide three estimates of annual roadkill reflecting high (CTR = 3 days), medium 93 



5 
 

(CTR = 7 days), and low (CTR = 15 days) carcass turnover rates, that are multiplied by the 94 

number of surveys to obtain “number of days monitored” in our formula.  95 

To identify mortality hotspots, we overlaid each road kill point on a georeferenced 96 

map of the road system using QGIS (v 2.14) and ArcMap (v 10.3). Using a spatial join, we 97 

obtained the number of kills in each 0.5 km segment of road (n=126) for all kills combined 98 

as well as for each Class separately, and applied a square-root transformation to the count 99 

data to achieve a normal distribution. We defined hotspots as 0.5 km segments where number 100 

of kills exceeded two standard deviations (S.D.) above the mean (𝑋𝑋�) of the transformed data. 101 

To create a map showing mortality hotspots, we assigned a color ramp using five bins 102 

separated by values equal to 𝑋𝑋� + 2 𝑆𝑆.𝐷𝐷. ,  𝑋𝑋� + 1 𝑆𝑆.𝐷𝐷. ,  𝑋𝑋� ,  and 0 (zero roadkills). 103 

Results 104 

In 12 surveys of this 63 km roadway we observed a total of 916 wild animal carcasses. The 105 

most affected taxa were amphibians (501 individuals; 54.7%), followed by birds (225 106 

individuals; 24.6%), reptiles (103 individuals; 11.2%), and mammals (77 individuals; 8.4%). 107 

There were 10 individuals (1.1%) that were too decomposed or fragmented to be classified 108 

(Figure 2). We also encountered 23 domestic animals (21 dogs, one horse, and one chicken) 109 

that were excluded from the data analysis. 110 

Assuming constant kill rates over the year, the lowest estimate of the annual roadkill 111 

rate (CTR = 15 days) is 29.5 roadkills/km, the medium estimate (CTR = 7 days) is 63.2 112 

roadkills/km, and the highest estimate (CTR = 3 days) is 147.4 roadkill/km on this stretch of 113 

the road per year. These rates translate, respectively, to annual totals of 1857, 3980, and 9287 114 

animals killed just on the 63 km length of the road we sampled. If roadkill rates are similar 115 

along its entire 741 km length, the number of wild animals killed each year on the Pacific 116 
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coastal highway of Ecuador could be as high as 109,235. Roadkill rates and annual mortality 117 

estimates by taxonomic groups can be found in Table 1. 118 

Although most carcasses could be identified to broader taxonomic group (e.g., 119 

opossums), we were able to identify only 90 individuals definitively to genus or species, 120 

comprising 30 different taxa. Of them, the most commonly found in each Class were the cane 121 

toad (Rhinella marinus), the boa constrictor (Boa constrictor), anis (Crotophaga spp.), and 122 

the common opossum (Didelphis marsupialis). There were several examples of vulnerable 123 

species that were identified among the kills, including the Pacific royal flycatcher 124 

(Onychorhynchus occidentalis), the rufous-headed chachalaca (Ortalis erythroptera), and the 125 

Northern tamandua (Tamandua mexicana) [20, 21]. 126 

Hotspot mapping identified five 0.5-km segments with combined mortality across all 127 

taxa exceeding two standard deviations above the mean of the transformed data (global 𝑋𝑋� =128 

2.36, 𝑆𝑆.𝐷𝐷. = 1.30,𝑛𝑛 = 126); some segments were contiguous, however, resulting in a total 129 

of two distinct hotspots (Figure 3A). When amphibians were excluded, the largest of the two 130 

hotspots disappeared, but new hotspots were revealed, reflecting road segments with high 131 

mortality of other taxa (Figure 3B). Hotspots separated by Class are shown in Figures 3C-F.  132 

Discussion 133 

Our study confirms that roads have a direct harmful effect on wildlife populations across 134 

many taxa. Concordant with other studies [22-24], amphibians were the hardest hit, 135 

representing over half of all roadkills. Because CTR may vary widely based on the 136 

abundance of scavengers, climate and weather conditions, removal by people, and inherent 137 

characteristics of the animal bodies, as well as the strongly aggregated pattern of mortality, 138 

amphibian roadkill may be most prone to underestimation. Amphibian carcasses are small in 139 

size and more likely to be missed by observers, to be removed in one piece by scavengers, or 140 
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to rapidly decompose [24-26]. In our study, however, we observed toad carcasses (Rhinella 141 

marina) to be extremely persistent, remaining on the road as desiccated crusts for several 142 

weeks, particularly in the dry season. Better CTR data are needed on a variety of taxa to 143 

improve the reliability of roadkill estimates. Still, we believe the CTR values we used offers a 144 

realistic range (21,847 to 109,235) for the number of wild animals killed each year along 145 

Ecuador´s E-15 coastal highway. 146 

The 23 domestic animal carcasses encountered represent just 2.4% of the total 147 

roadkills observed, but 25.9% of the identified mammals (22 out of 85). Our total roadkill 148 

estimates for wild animals would be slightly overestimated if a similar percentage of the 14 149 

mammals in our sample that we could not identify plus the ten carcasses that could not be 150 

identified to any taxonomic level were in fact domesticated animals (ca. 6 animals). While it 151 

is obviously important to obtain accurate species identifications whenever possible and 152 

exclude domestic roadkills to obtain precise estimates, we found the vast majority of animal 153 

collisions with cars to involved wild animals. 154 

Mapping the distribution of kills through hotspot analysis allowed us to identify 155 

critical crossing points where risk of mortality is high. Roadkills occurred throughout the 156 

entire length of road surveyed (only four 0.5-km segments had zero mortalities), but because 157 

amphibians comprised 54% of the data, they masked mortality hotspots of other taxa. 158 

Analysis of hotspots by Class revealed that mammal and reptile mortality were more evenly 159 

distributed, while amphibian and bird mortality were more strongly aggregated. There was no 160 

overlap between hotspots for amphibians and hotspots for mammals, suggesting that these 161 

groups utilize different parts of the landscape. 162 

Analysis of the hotspot maps allow us to identify factors that may be predictive of 163 

high wildlife mortality. For example, the two hotspots for amphibian mortality are located in 164 
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low-lying areas, where amphibians may congregate to breed. Hotspots for mammals seem to 165 

coincide with areas where forest is close to the road, although further analysis is needed to 166 

evaluate the relative contributions of proximity to forest versus other factors on roadkill rates. 167 

Mortality rates tended to be higher on straight stretches, perhaps because cars are travelling 168 

faster.  169 

Identification of factors that affect mortality rates of specific taxonomic groups from 170 

hotspot maps can lead to efficient implementation of targeted mitigation strategies. Integrated 171 

approaches, such as speed control and signage may help reduce wildlife road mortality 172 

[27,28], although the success of road signs by themselves is limited [29,30]. Wildlife crossing 173 

structures, such as culverts, underpasses, or overpasses may be particularly beneficial to 174 

wildlife on roads through protected areas, where the higher diversity and abundance of 175 

animals, including threatened and/or endemic species, may translate to elevated impacts on 176 

biodiversity [31,32]. In a landscape already fragmented, like on the Ecuadorian coast, 177 

reducing barriers to the movement of wildlife becomes an urgent necessity to prevent decline 178 

and local extinction of animal populations [13,33,34]. 179 

We recommend culverts and underpasses be installed in hotspots of amphibian and 180 

mammal mortality. These are particularly effective when combined with fences along the 181 

road to guide the animals toward them [35]. Camera trapping has shown such structures are 182 

used by wildlife, and are an effective means of reducing animal-vehicle collisions and 183 

connecting wildlife habitat [36], although few “before” and “after” studies exist to allow 184 

direct evaluation of impact [37]. We recommend the installation of signage and velocity 185 

reduction devices (e.g., speed bumps) in straightaways with mortality hotspots. We hope that 186 

our study will provide the needed baseline for monitoring if our recommendations for 187 

mitigating wildlife mortality in coastal Ecuador are implemented. 188 
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Geolocation information 189 

The northern end of the study area is the city of Pedernales (UTM 10007232 N, 0605361 E; 190 

WGS84 zone 17S) and the southern end of the survey is the community of Rambuche 191 

(9966571 S, 0574460 E). The approximate center is the Lalo Loor Dry Forest Reserve 192 

(9991478 S, 0594199 E). 193 
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Table 1. Total number of carcasses found, roadkill rates (individuals/kilometer/year), and 314 

annual estimates of kills per year (individuals) for each taxonomic group based on low (3 315 

days), medium (7 days), and high (15 days) carcass turnover rates along the 63-km stretch of 316 

road sampled. 317 

Taxa Carcasses  Roadkill rate 
(ind/km/year) 

Annual estimate 
(individuals) 

Amphibians 501 
Low 16.1 1015.9 
Medium 34.6 2177.0 
High 80.6 5079.6 

Reptiles 103 
Low 3.3 208.9 
Medium 7.1 447.6 
High 16.6 1044.3 

Birds 225 
Low 7.2 456.3 
Medium 15.5 977.7 
High 36.2 2281.3 

Mammals 77 
Low 2.5 156.1 
Medium 5.3 334.6 
High 12.4 780.7 

Total 916 
Low 29.5 1857.4 
Medium 63.2 3980.2 
High 147.4 9287.2 

 318 

Figures 319 

Figure 1. Study area. This satellite image shows the sampled 63 km length of the Ecuadorian 320 

coastal highway (E-15, highlighted in yellow) in the province of Manabí. 321 

Figure 2. Percentage of carcasses (out of 916 total) found during roadkill surveys, by Class. 322 

Figure 3. Hotspot maps of wildlife mortality for: A) All taxa, B) All minus amphibians, C) 323 

Amphibians, D) Mammals, E) Reptiles, and F) Birds. 324 


