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Abstract Roads have important effects on wildlife, such as
natural habitat fragmentation and degradation and direct
killing of fauna, which leads to reductions in wildlife
population size. We focused on a principal road in North-
west Argentina to test for the effect of seasonality and
landscape features on the composition of road-killed wild-
life. We conducted regularly scheduled road trips during the
dry and wet seasons. We recorded the presence or absence
of a vegetation curtain or hedge along the road. We mea-
sured land use by remote sensing in a 500 m buffer along
the road. We compared the abundance of animals killed
between seasons (dry and wet) for different taxonomic
groups (mammals, birds and reptiles) and for different ori-
gins (domestic and native). We built linear mixed models to
test the effect of landscape features on the abundance of
killed animals. Two hundred and ninety-three individuals
were killed, belonging to 35 species; 75.8 % were native
and 24.2 % domestic species. The majority of animals killed
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were mid-sized mammals. More animals were killed during
the dry season. The most important factors to explain the
wildlife road-killing were the season and the proportion of
agricultural landscape. The composition of the killed ani-
mals changed with the season. The proportion of agri-
cultural landscape incremented the number of killed birds
and mammals during both seasons, without affecting rep-
tiles. The ratio of wild to domestic animals killed was
dependent on the season. This study sets a precedent as the
first in road ecology in Northwest Argentina and should be
taken into account for road planning and regulation.

Keywords Landscape - Road ecology - Hedge - Yungas
ecosystem - Wildlife-vehicle collisions - Season -
Agriculture

Introduction

Direct and indirect effects of roads jeopardize species and
even entire ecosystems (World Resource Institute 1990;
Forman and Alexander 1998). Roads act as physical and
behavioural barriers to animals (Carr and Fahrig 2001).
They affect otherwise continuous habitats by reducing their
quantity and quality, provoking their alignment and causing
edge effects (Brown and Lomolino 1998; Clevenger et al.
2001; Jaeger and Fahrig 2004). Indirectly, roads promote
uncontrolled urban development along their course
(Environment Protection Authority 1999). Roads affect the
movement and distribution of a diversity of animal taxa,
including mammals, birds, reptiles and amphibians
(Carvalho and Mira 2011). Most obvious direct impacts are
wildlife-vehicle collisions (WVC’s) causing mortality in
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animals, reducing population size and diminishing effective
movement between populations for some species (Carr and
Fahrig 2001), whilst alien species could take advantage of
roads by spreading more quickly.

Some factors affecting WVCs are related to the fauna’s
inherent characteristics: abundance (Seiler 2005), density
(Joyce and Mahoney 2001; Dussault et al. 2006), and
taxonomic group; amphibians, reptiles, mid-sized mam-
mals, birds and small mammals are susceptible to different
types of roads (Forman and Alexander 1998). Factors
related to road characteristics are presence/absence of
roadsides or barriers (Gunson et al. 2009) and vehicle speed
limits (Seiler 2005; Danks and Porter 2010). Landscape-
related predictors should also be considered; for example,
the risk of VWC increases when the road bisects a level
terrain (Gunson et al. 2011), in addition to the road itself
(Clevenger et al. 2003; Kanda et al. 2006; Danks and Porter
2010; Jancke and Giere 2011; Garriga et al. 2012). Also,
climatic conditions affect the impact range of these factors
(Clevenger et al. 2003; Shepard et al. 2008); for example,
temperature seasonality regulates animal population den-
sities and behaviour (Rolandsen et al. 2011).

Differences in composition and species abundance of
roadkills are related to season (Myers et al. 2008) and to
habitat selection (Zhang et al. 2013). Roads change the
spatial configuration and surroundings of the landscape.
These changes in landscape configuration are associated
with mean patch size, edge density, and core area and
therefore roadkills could be spatially affected. Research on
WVCs has demonstrated that they are spatially clustered in
‘hotspots” (Puglisi et al. 1974; Hubbard et al. 2000;
Clevenger et al. 2001; Joyce and Mahoney 2001). Land-
scape spatial patterns are expected to play an important role
in determining roadkill locations and rates (Forman and
Alexander 1998), as the presence of wildlife tends to be
linked to specific habitats and adjacent land-use types.

Roads can affect wildlife by direct mortality, which is
especially important for threatened species, but can also
change population numbers and genetic flow by isolation.
Many indirect effects of roads are cumulative and involve
changes in community structure and ecological processes
that are not well understood. Also, roads should be mon-
itored as they have long-term effects that cause deterioration
in ecosystems (Noss 1990). The expansion of the road
network is one of the major threats to tropical biodiversity
(Teixeira et al. 2016). Therefore there is a need to improve
and integrate science and environmental licensing to miti-
gate wildlife mortality on roads.

In this study we present the first results on the compo-
sition of animals killed on the principal, basically
north—south orientated, paved road, of 255 km in length, in
the premontane forest of Yungas in Northwest Argentina.
We examine the species composition of road-killed animals
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and we analyse the effect of spatial factors, i.e., surrounding
landscape and roadway features and the seasonal pattern
(wet and dry season) of wildlife-vehicle collisions. Finally,
we relate our findings to management guidance. Season can
have an effect on WVC in opposite ways; winter can
increase the number of WVC by causing food scarcity,
which increments animal movements, especially for ungu-
lates (Gunderson and Andreassen 1998; Myers et al. 2008;
Meisingset et al. 2013). Animal movements could also
increase during the mating season and therefore also
increment roadkills in spring, especially for reptiles
(Southwood and Avens 2010; Van der Ree et al. 2015).
Winter corresponds to the dry season in the study area,
which could increase the effect on species even more due to
water stress on animals. We therefore expect a higher
number of roadkills in winter (dry season) for mammals;
and for reptiles we expect a higher death rate in spring,
corresponding to the wet season. Forest adjacent to roads
increases the number of ungulate collisions and agriculture
and urban areas surrounding roads decreases the number of
collisions (Gunson et al. 2011). Therefore, in road segments
surrounded by more natural vegetation offering habitat for
native species, we expect more native species to be killed.

Methods
Study Area

Neotropical cloudy forests or Andean Yungas are a unique
ecosystem associated with mountains, ranging from
Venezuela to Argentina (Churchill et al. 1995; Myers et al.
2000). The subtropical Yungas are distributed in southern
Bolivia and north-western Argentina (19°-29°S), occupying
an area of 56,000 km®. Yungas extend from 400-1200 to
3400 m.a.s.l. and can be divided into three altitudinal
vegetation belts with their typical flora and fauna (Cabrera
and Willink 1973; Beck 1988; Brown and Grau 1993;
Brown et al. 2001; Ferro and Barquez 2009). The lowest
altitudinal level is occupied by the ‘lower montane forest’ or
‘premontane forest’, the second belt corresponds to the
‘upper montane cloud forest’ or ‘montane humid forest’,
and the third forest belt corresponds to the ‘subalpine cloud
forest’ or ‘upper montane forest’. In the southern limit they
form a sort of peninsula of high biodiversity in relation to
the surrounding biomes of the southern cone of
South America (Chaco in the east and High Andes to the
west). The Yungas ecosystem is considered vulnerable
(Dinerstein et al. 1995). In Argentina, it is the most diverse
ecoregion for mammals with 123 species (Barquez et al.
2006). Yungas are extremely seasonal with discontinuous
precipitation regimes (Richter 2008) and 80 % of rain falls
during summer (Brown et al. 2001). Rainfall ranges from
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Fig. 1 Location of the road Salta—Ordn and detail of the landscape classification in a 500 m buffer along the 2 km strip of the road used for analysis

700 mm to 2000 mm/year, depending on altitude (Brown
et al. 2001). At high elevations, this ecosystem has, in
general, a relatively good conservation status due to its
relief that hinders access and extractive activities. But the
low and flat areas of the premontane forest suffer from
deforestation and landscape transformation (Malizia et al.
2012). It is also at low altitudes where roads were traced to
avoid difficult relief and landslides that occur frequently at
more susceptible higher elevations. Remarkably, this first
elevation band could also be the richest in animal species
diversity (Ojeda et al. 2008) and could have higher abun-
dances of rare and threatened species than higher elevations
(Chalukian et al. 2009; Cuyckens 2013). Although a
growing literature in the field of road ecology suggests that
WYVC can be major sources of vertebrate mortality and thus
potentially limit wildlife populations (Aresco 2005), thereby
requiring appropriate management, no road ecology studies
exist in Northwest Argentina.

In the study area road density is low, with only two roads
existing: the national road No 9 which transforms into the
national road No 34 and the provincial road No 50. This
study includes parts of the national road No 9, 34 and
provincial road No 50. These paved roads extend 255 km

through premontane forests of Yungas from the capital city
of Salta to the city of Orédn, near the international border
with Bolivia (Fig. 1). The road track crosses 10 minor cities
in the Argentine provinces of Jujuy and Salta, summing
approximately 640,000 habitants, and we estimated a traffic
volume of 4000 vehicles per day, with a high percentage of
trucks (approximately 20 %). The busiest part of the road is
in the surroundings of the city of Giiemes because of the
intersection between the roads No 9 and No 34 and more
quiet near the city of Oran. The road was paved in the
1970’s but traffic increased since then. It crosses cultivated
and urban areas and semi-natural vegetation of premontane
forest. The road has 2 lanes and is 9 m in width, with a two-
metre-wide grassy shoulder or road side along the entire
trace, occasionally with a vegetation curtain or hedge.

Data Collection

We conducted 22 systematic road trips by pick-up truck
along the entire length of the road (255 km); 13 during the
dry season (May to September 2000) and 9 during the wet
season (September 2000 to May 2001) with an interval of
16 £30days. Data collection was carried out by two

@ Springer
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observers (apart from the driver). We conducted trips during
different times of the day, with a speed between 50 and
100 km/h and we varied direction of the road; travelling
intercalated from south to north and from north to south.
We georeferenced each road-killed animal and we identified
it to the species level when possible, otherwise to genus or
family. We grouped each animal by class as mammal, bird,
reptile or amphibian and by origin into domestic or native
(all wild species were native).

We split the road into segments of 1, 2 and Skm in
length for analysis, characterizing each segment by: (1)
curvature of the road, (2) hedge presence, and (3) land use.
We used curvature as a proxy of vehicle potential velocity;
we used 5 classes (discrete quantitative variables) according
to the highest angle of each segment: the higher the cur-
vature class, the lower the potential velocity. We recorded
the presence or absence of a hedge, considering a hedge as a
single line of closely (max 1.5 m) spaced trees.

To characterize land use we created a buffer around the
road to both sides and we calculated the proportion of dif-
ferent land uses. As for different species the effects of roads
act on different scales (Jackson and Fahrig 2015) we tried
buffer areas of 500, 750 and 1000 m, but proportions of
each land use category did not change. We classified land
use with three variables: agricultural, natural vegetation and
urban areas. Agricultural areas belonged to cultivated areas;
such as tobacco, soybean and other crops; and grasslands of
anthropic origin. Natural vegetation areas belonged to the
Yungas eco-region, and urban areas were cities and minor
towns. To characterize the composition of the different
types of landscape in each road segment we selected two
Landsat TM images covering the study area (Path-Row:
231-276 and 231-277) from December 2000, the same year
as that of the road data collection. We performed a super-
vised classification with SOPI vs. 2.5.1 image processing
software using the Maximum Likelihood algorithm. Agri-
culture and Forest polygons were generated in Google Earth
and used as ground truth data for the supervised classifi-
cation. We used a total of 160 polygons; 70 % of these were
used for the classification per se and the other 30 % for the
evaluation of the classification. Urban areas were digitalised
by visual interpretation. The overall accuracy of the clas-
sification was 97.7 %. Our analysis indicate that in the area
about 68 % had agricultural use, 29 % were natural lands,
2.2 % were urban areas and the remainder 1.2 % of the area
was miscellaneous (Fig. 1).

Data Analysis
To compare the number of killed animals per trip between
seasons we used a t-test. We compared the abundance of

animals killed per season (dry and wet seasons), for dif-
ferent taxonomic groups (mammals, birds and reptiles) and
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for different origins (domestic and native), with a 2 test
which allows considering different sampling efforts
between seasons when analysing relative frequencies. To
evaluate if the abundance of animals killed was related to
the characteristics of the road and surrounding landscape
(curvature, hedge presence and land use) we conducted
linear mixed models. We modeled the number of killed
animals per segment with a generalized mixed model,
function glmer from the package Ime4 (Bates et al. 2014).
We used this function because we found no auto-correlation
among segments (acf function). We used the Poisson dis-
tribution to model the abundance of roadkills and curvature
of the road; hedge presence and land use were considered as
fixed factors while trips were considered as a random factor
(Zuur et al. 2009). Agricultural and natural vegetation
presented a strong negative correlation (Pearson Correlation
Coefficient =-0.91; p <0.0001) so we only kept “percen-
tage of agriculture” and “percentage of urban areas” as
variables for the model. We performed these analyses with
4 data—subsets of animals killed: birds, reptiles, native
mammals and domestic mammals, split by season (wet and
dry). We used the R (vs 3.1.3) software for all statistical
analysis (R Development Core Team 2012).

Results

During this study we recorded 293 killed individuals,
belonging to 35 species, 9 families and 6 orders (Fig. 2);
75.8 % correspond to native species and 24.2 % to domestic
species. Also, three animals were not identified and exclu-
ded from all analysis. Of the animals killed 67.0 % were
mammals, 24.7 % of them were birds and 8.3 % were rep-
tiles. No amphibians were found. Among the native species
we found 126 individuals of mammals (56.7 %), 72 birds
(32.4 %), and 24 reptiles (10.8 %), while all domestic ani-
mals were mammals. Some species (34 %) were found only
once. Among killed birds, raptors were the dominant group
(88 %, 18 individuals). Reptiles were sporadically found;
almost 92 % of them were snakes and just 8 % were lizards.
We found 5 snake species including 2 vipers and three
unknown species (Fig. 2).

The average number of animals killed per trip was not
statistically different during the dry and wet season
(14.2 vs. 11.1, t=0.56, p=0.577). However, the ratio of
wild to domestic animals killed was dependent on season
(;(2=4.37, p=0.036; Fig. 3a), with more wild animals
killed during the wet season than expected (8 individuals
more than expected). Also, within taxonomic groups, the
amount of killed animals was strongly dependent on the
season (y* =24.29, p<0.001; Fig. 3b); birds appeared
equally in the dry and wet season, mammals were 3-fold
more abundant in the dry than in the wet season, while
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Fig. 2 Numbers of killed animals on a 255 km road in northwest Argentina during 13 trips during the dry season (May to September 2000) and 9
in the wet season (September 2000 to May 2001). We also found 13 snakes, 13 mammals and 5 birds (one dove) which we were unable to identify

reptiles were 4-fold more abundant in the wet season than in
the dry one. Some species were exclusive of either the dry
or the wet season (Online Supplementary Material 1).

As the different length of segments and different buffer
areas generated the same results, we only present models
resulting from the 2 km segments and 500 m buffer area.
The mixed model analysis showed a positive effect of the
amount of agricultural landscape on bird mortality during
wet and (marginally) dry seasons. Agricultural areas also
affected native mammals only during the wet season and
domestic mammals during the dry and (marginally) wet
seasons (Table 1). We did not find any other significant
relationship with city surface cover, curvature (related to
potential velocity of vehicles) nor hedge presence.

Discussion

The composition of road-killed animals showed an inverted
J-shaped curve (Fig. 2), so the ‘community’ of killed ani-
mals was composed of few species represented by a lot of
individuals and most species by few individuals. No small
rodents or amphibians were found, probably due to their
small body size and multiple run-overs resulting in their
quick disappearance (Santos et al. 2011). This underscores
the importance of sampling frequency (Bager and da Rosa
2011) and additionally of driving order; if one always sets
out on the road early in the morning and from the same
place, it is more likely to find small carcasses in the first
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Fig. 3 Abundances of domestic and wild animals killed during the wet
and dry season a for different taxonomic groups and b along a 255 km
road in north western Argentina
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Table 1 Number of individuals, predictor variable, and corresponding
F and p values, based on the model: model < glmer (Killed_group ~ %
Agriculture+%City + Hedge_presence+curvature+(1/Trip), family =
poisson(link = “log™), data =killed_group_&_season_subset), found
during a year-long study of animals killed during wet and dry season
on the Salta-Oran road (Argentina)

Season N  Predictor Estimate F-value p-value
variable

Birds Wet 35 Agriculture 1.4418  2.062  0.0392
Birds Dry 37 Agriculture 1.0681  1.651  0.0986
Mammals Wet 36 Agriculture 1.3751 1971  0.0488
Mammals Dry 90 NS - - -
Reptiles ~ Wet 19 NS - - -
Reptiles  Dry 5 NS - - -
Domestic Wet 52 Agriculture 1.3146  1.353  0.0599
Domestic  Dry 19 Agriculture 1.27927 2207  0.0273

segments. Therefore, we changed the hour and direction of
driving when we could. Also, the observation speed is
important, but as we were covering more than 200 km, we
had to balance between accuracy and cover, and a slower
speed was not possible.

The majority of killed animals are mid-sized mammals,
which are especially susceptible to this type of road; a two-
lane, high-speed road (Forman and Alexander 1998), sug-
gesting the possibility that they might avoid collisions if the
road were narrower or drivers drove slower. But, as we do
not have any correction data for survey detectability or
carcass removal, nor any information about species abun-
dance near the road, it is possible that species with higher
mobility and lower reproduction rates are more susceptible
to roads (Rytwinski and Fahrig 2011). This is important for
management as these species would recover more slowly if
populations were drastically diminished. The most common
species killed was the grey fox (Lycalopex gymnocercus),
while the other native canid, the crab-eating fox (Cerdocyon
thous), was among the less abundant species killed. Grey
foxes and crab-eating foxes are morphologically and eco-
logically similar, with the difference that grey foxes are
diurnal while crab-eating foxes are nocturnal, with peaks of
activity after dusk and before dawn (Di Bitetti et al. 2009).
During dusk and dawn, collision chances could be low
(Vieira and Port 2007) or contradictorily higher (Haikonen
and Summala 2001), so crab-eating foxes could be over or
under-represented. Although the crab-eating fox is typical
of premontane forest in Yungas, it seems to be naturally
much rarer than the grey fox (G.A.E.C., unpublished data)
and therefore less killed than the grey fox.

The fifth abundant species was again a native species,
Geoffroy’s cat (Leopardus geoffoyi). This species takes
advantage of anthropogenic habitat (Pereira et al. 2012;
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Cuyckens et al. 2016) and could therefore advance on roads
and adjacent transformed habitat with more kills as a con-
sequence. The other felid species, Pampa’s cat (L. colo-
colo), was found once. This species is vulnerable in
Argentina (Aprile et al. 2012) and, in contrast to Geoffroy’s
cat, we estimate it to be extremely rare in low altitudes of
Yungas; this species is usually found at higher elevations
(>1500 m.s.al.), so its presence on the road was unexpected.
The only rodent species was the coypus (Myocastor coypus)
which is relative big in size (up to 10kg); it was found
twice. It is extremely rare in Yungas, so recording it twice is
a relatively high number. Therefore, although this species is
of Least Concern on a global and Argentinean level (Ojeda
et al. 2015), we consider it locally of conservation concern.
Remarkable was the encounter of the Argentinean Boa (Boa
constrictor occidentalis), an endangered species (Giraudo
et al. 2012) with an unclear taxonomic status, which
therefore should be monitored to determine if more
encounters occur and specimens should picked up for
collection.

The most common birds were scavengers. This was not
surprising as these are more susceptible to road mortality
because of their carrion feeding habits taking advantage of
carcasses on the road (Stoner 1925; Bennett 1990; Saunders
and Hobbs 1991). It has been reported that aerial predators
actively scavenge along road networks (Hubbard et al.
2012). But, the higher abundance of scavengers among bird
roadkills may only reflect higher carcass detectability and
lower carcass removal than for smaller birds. We did not
find endangered raptors killed; the most common species
found were the Black Vulture (Coragyps atratus) and
Crested Caracara (Caracara plancus); both species are of
Least Concern and the latter is commonly observed posing
along the road side.

During the dry season more domestic and native
animals were killed; domestic animals are especially sensitive
to drought as they probably have fewer adaptations in their
non-native environment. We found an effect of season on
native mammals, which were more killed in the dry season.
Mammals have to cover higher distances to satisfy their
water requirements. For carnivores, water availability is an
important factor limiting distribution (Valeix et al. 2009).
The number of collisions was highest in the dry season,
which corresponds to winter in the study area; winter is
generally the lean period in terms of food availability, and
scarcity of food affects the movement of native species. Deer
are especially vulnerable to season as they make seasonal
movements, but we did not find deer species in our study
(Mazama sp.), indicating that the dry season implies a higher
risk for other mammals as well (Smith-Patten and Patten
2008). Seasonal differences (and relief) are of the most
important ecological factors shaping communities in Yungas.
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Reptiles were most frequently killed during the wet
season (80 %), agreeing with our suppositions. Reptiles
encounter roads when making seasonal movements for
foraging, breeding, and overwintering (Southwood and
Avens 2010; Van der Ree et al. 2015). The wet season
coincides with their reproduction season in the study area.
The preponderance of snakes over lizards probably mirrors
contrasting reaction and movement skills or could be an
effect of their smaller body size. Among reptiles and
amphibians, lizards are faster, because of their legs, and
they are better adapted to life on land. Also, the Argentinean
red tegu is common in premontane forest and Chaco and,
because of its relative bigger body mass; it is conserved for
longer periods of time when killed. The difference in
abundance of roadkills between lizards and snakes is not
supported by other studies. Reptiles were also the most
common group in another study in Argentina (Attademo
et al. 2011), but the eco-region in question was character-
ized by wetlands, increasing the natural presence of this
group. This study also marked spring/summer as a factor
that increases road-kills as we did, although this eco-region
is not seasonally marked as is Yungas.

Contradictory to our hypotheses we found more killed
animals, including domestic animals, when the proportion
of agricultural areas was higher. Agricultural areas affected
the number of mammals and birds, but not of reptiles. An
increasing proportion of agricultural areas increased the
number of birds killed; this could be related to killings of
ground-dwelling birds such as gallinaceous birds and owls,
ground-nesters and scavengers. These species are also
habitat generalists and associated to open habitats. Agri-
cultural areas increased the number of VWCs in the study
area and roadkills were lower in natural areas. We did not
find an effect of hedge presence on abundance of VWC’s in
our study area. Roach and Kirkpatrick (1985) also found
that hedges did not affect roadkills, but stated that trees near
to roads were more used by birds than grassland areas. This
could be related to the findings of Jacobson (2005) who
discovered that hedges had a negative impact on roadkills of
birds (more birds killed in the presence of a hedge). We did
not find any effect on bird species, probably because the
alternative of hedge in our study area is not grassland, but
could also be natural areas with trees.

The absence of deer (Mazama gouazoubira and M.
americana), present in the study area, in our roadkill data, is
remarkable seeing as deer and other ungulates are com-
monly killed by vehicle collisions (Olson et al. 2014). One
possibility is that these species have developed behavior to
avoid collisions. Roads can change the behavior of animals;
for example, reindeer in Norway started roaming parallel to
the road (Panzacchi et al. 2013); and avoidance behavior in
caribous was detected (Dyer et al. 2002). But, we suggest
that they were lifted up by drivers for meat, as these species

are commonly hunted as game meat (Altrichter 2005). The
problem of survey detectability and carcass removal gen-
erally arises in roadkill studies, so we do not know how
much of the data was effectively collected by us. For
example, we did not find ocelot (Leopardus pardalis) killed
on the road but we saw a vehicle driver lift up a felid species
(most probably an ocelot) he had previously killed.

The effects of other linear structures such as trails,
pipelines, and seismic lines on wildlife are similar in nature
to those of roads (Jalkotzy et al. 1997). Sporadically, we
found tapirs (Tapirus terristris) drowned in a water-channel
in the study area (P. P. pers. obs.) and not on the road,
maybe due to channel banks challenging big species such as
tapir to getting out of the water, suggesting water channels
to be a bigger threat for this particular species. The effects
of these two linear structures in the study area could interact
and should be considered together.

Cows, sheep, goats and even a horse were killed during
our sampling period. Domestic grazers graze freely in rural
and natural areas (no enclosures) in the study area. Grazing
animals could be attracted to roadsides because of the pre-
sence of tender herbs, especially after mowing, and ones
near the road could be easily killed. In addition to negatively
impacting wildlife, collisions with big wild or domestic
animals can cause economic and social costs associated with
vehicle towing and repair; human injuries and fatalities; and
accident mitigation, support and investigation. For example,
Conover et al. (1995) estimated that more than one million
deer—vehicle collisions occur annually in the United States,
costing over $1.1billion in repair and resulting in 29,000
human injuries and 211 human fatalities. No such estimates
exist in Yungas or Argentina.

Two factors came out as most important for animals
killed on road: the season on the composition of the killed
animals and the proportion of agricultural landscape on the
abundance of road-killed birds and native and domestic
mammals. So, when studying different taxa of wildlife,
seasonality should be taken into account differentially.
Population and movement studies on wildlife should con-
sider measurements of variables both during wet and dry
seasons. Yungas are highly seasonal and temporal variation
in rainfall is important to wildlife. The dry season increases
movements in search for water sources and the wet season
is when mating is concentrated and therefore is associated
with a higher risk for VWC. Climate change could enhance
seasonal differences even more, so interactions of roads
with climate change are also important. In this study we
used a short time scale to avoid changes in environmental
variables.

Of the potential components that affect WVCs we found
one habitat and one season-related factor as important.
Other factors could be; human causes: traffic volume (Gu
et al. 2011), attitude of drivers, road composition (paved or
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not), guardrail and barrier installation, lighting, road
widening and improvements (Clevenger et al. 2001);
animal-related causes: density or behavior, relationship
between population size and distance to road, as well as
population dynamics of killed animals (Groot Bruinderink
and Hazebroek 1995); and environmental factors such as
weather conditions and the moment of the day (Haikonen
and Summala 2001). For large carnivores, road density on a
regional scale could be more important (Thiel 1985). In
northern countries snow depth was crucial (Rolandsen et al.
2011); in Yungas, it could be important to identify and
measure which seasonal factor constrains animal movement
and habitat use; in mountainous areas as our study area,
animals carry out altitudinal movements following the
season, so animal movement studies, home range studies
etc. are needed.

Mitigation remains challenging as results from one area
cannot be extrapolated to another and the effect of roads
varies between species and groups of species. For example,
birds present several challenges compared to other verte-
brates as they do not use wildlife over-crossings; and sca-
vengers are killed while foraging on roadkill (Jacobson
2005). In this study most birds were scavengers, so we
suggest that if mitigation actions for the other groups are
successful then also the road-killed scavengers will dimin-
ish as less forage will be available on the road. For our
study area, we suggest two types of mitigation actions. For
domestic animals we need to encourage social conscience in
owners of domestic animals, as collisions cause economic
costs and are also a danger for drivers. Domestic animals
should be more controlled, enclosing dogs and cats, and
especially farm animals such as cows, horses, goats and
sheep. Also, drivers should consider diminishing their speed
near towns, seeing as not only animals can be hit but also
humans. Native animals are of a bigger complication.
Ecopassages are expensive and, as we could not (yet) detect
hotspots, we do not encourage their implementation yet, if
the roads maintain their current properties. In this study we
could not identify hotspots of roadkills, suggesting that
season might be more important. As agricultural areas had
an influence on roadkills it may be more useful to maintain
natural areas along the road. So, based on these findings and
our updated knowledge of the areas surrounding the roads,
we suggest that the segment from the crossroads, where the
No 66 road meets the No 34 road (its southern part) until
‘Bananal’, a small town further north, receive full protec-
tion. Spending money on hedges might not be useful, as we
did not discover any influence of them. Complementary,
although speed did not come out as an important factor in
our study area, based on the characteristics of the road
(high-speed, two lanes), warning and maximum velocity
signs and radars to control speed could be placed. We also
suggest that, before any ‘improvement’ on the road is made
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(for example, making it wider or installing new pavement),
a previous study or environmental impact analysis should
be carried out. A double goal (awareness—raising and
information—generation) could be achieved by inviting the
general public to contribute information of killed animals,
for example by a cellphone app that indicates the exact
roadkill location or by an Internet form; examples of this
are: <http://impactorutasecobiouy.blogspot.com.ar/p/blog-
page.html> and <http://www.wildlifemapping.org/>. Our
map of roadkills could be made available online and
updated with this information.

This study provides information on numbers and species
road-killed in Northwest Argentina for the first time, which
is valuable data. The methods employed here were useful
for the objectives of our study, but not for small animals
such as amphibians, rodents or lizards. For those groups,
frequency of road trips must be increased, probably short-
ening the trajectory surveyed. Analyzing satellite images
with adequate software reduces field work and allows
concentrating on the detection of roadkills. Road ecology is
a relatively new discipline in Argentina. Published roadkill
data are difficult to find, so this study together with
Attademo et al. (2011) and Malizia et al. (1998) for birds,
are the first studies in the country. We encourage more
studies of this type and the development of road ecology
induced by national funding in the country. Also, new and
existing scientific information should be made available to
decision makers, scientists and urban developers who,
together, should work more closely when planning or
improving a (new) road.

Apart from mitigation on existing roads, prevention of
impacts of new roads or improvements of existing roads
(such as paving) is important. Previous to tracing roads,
populations studies should be done in order to design roads
that reduce their impact on the environment (Jones 2000;
Roger et al. 2011). In the study area virtually no population
studies exist; we therefore encourage populations studies on
endangered species in the area, such as the jaguar (Panthera
onca), in critical danger (Aprile et al. 2012) , and the white-
lipped peccary (Tayassu peccary), in danger (Chalukian
et al. 2012). Both need huge areas for their development,
and higher road density could affect negatively their already
critically small populations. The causes of the absence of
deer, tapirs and bigger carnivores might be important, as
they could be related to decreasing populations of these
species. The human population, economy, and consequently
road density are growing in Northwest Argentina, for this
reason, landscape and urban planning is absolutely neces-
sary. For example, at least two roads are planned in the area;
one to connect Bermejo with Los Toldos, in the extreme
north of Salta; and one west-east directed, connecting two
eco-regions: High Andes with Yungas (form Santa Ana to
Valle Colorado in the Jujuy province). These roads will
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fragment a highly biodiverse and geomorphologically
unstable eco-region. Also, vehicle volume has increased
since our study (from our estimated 4000 per day to 13000
vehicles per day in the most transited part, in the city of
Giiemes). So, studies of landscape ecology and fragmenta-
tion and corridor planning and implementation should avoid
impacts on an already highly-threatened eco-region,
allowing, at the same time, safer transportation for people.
This eco-region, although threatened and highly frag-
mented, still harbours important species, such as top pre-
dators (jaguar), engineers of ecosystems (tapirs and white-
lipped peccaries) and accomplishes important ecological
services, such as protecting watersheds amongst others. For
these reasons we believe that investing in its conservation
and minimizing the effects of roads and other human
impacts is an investment for the future.
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