
ORIGINAL PAPER

Comparing annual vertebrate road kills over two
time periods, 9 years apart: a case study
in Mediterranean farmland

Filipe Carvalho & António Mira

Received: 10 May 2009 /Revised: 27 January 2010 /Accepted: 26 May 2010 /Published online: 11 June 2010
# Springer-Verlag 2010

Abstract We surveyed road kills occurring along a 26-km
stretch of a major national road (Portugal) in two different
years: 1996 and 2005. For analysis purposes, we divided
the data into seven vertebrate groups: amphibians, reptiles,
carnivores, prey mammals (shrews, moles, rodents, rabbits
and hares), hedgehogs, owls and passerines. Main factors
influencing vertebrate road casualties were evaluated using
redundancy analysis and variance partitioning techniques,
focusing on three sets of variables: land cover, landscape
metrics and spatial location. We also took into account
meteorological conditions and changes in traffic intensity
specific to each of the surveyed years. The percentage of
variance explained by the explanatory variables was greater
in 1996 (67.5%) than in 2005 (48.1%). Many variables
influencing road kill incidence were common to both years.
The most significantly associated factor was the distance to
the Natural Park of Serra de São Mamede (NPSSM): road
kills decreased steadily as our survey moved south, away
from the NPSSM border. Moreover, an increased incidence
of road losses occurred in forested areas, such as montado
and traditional olive groves. As 2005 was a climatically
drier year, additional variance factors became prominent,

including the distance to water reservoirs, suggesting a
greater influence of water availability. Traffic flow in-
creased by almost 150% from 1996 to 2005, which may
explain the overall increase in road kills, with the notable
exception of the amphibian group, whose road fatalities
incidences decreased approximately sixfold. We expect that
our survey will provide a comprehensive understanding of
the most critical factors currently influencing vertebrate
road fatalities and aid in improving the effectiveness of
mitigation measures to reduce them.

Keywords Mediterranean farmland . Redundancy
analysis . Variance partitioning . Vertebrates

Introduction

One of the most visible effects of roads on wildlife is road
kill, a major threat to biodiversity conservation (Forman
1998; Forman and Alexander 1998; Trombulak and Frissell
2000; Sherwood et al. 2002; Forman et al. 2003; Coffin
2007). Roads can affect all types of life form on Earth, from
small invertebrates, such as slugs, to large animals, like
moose and brown bears (Smith-Patten and Patten 2008).
Indeed, several ecological researchers have pointed out that
roads are one of the main causes of modern-day vertebrate
population decline and in the decrease of viability across
generations (Crooks and Sanjayan 2006; Ament et al.
2008). This may be especially true for small mammals, on
which barrier effects include the reluctance to cross roads,
thereby leading to local extinctions (Rico et al. 2007;
McGregor et al. 2008). Among larger and rarer species like
the Iberian lynx (Lynx pardinus), road kills are the principal
cause of death among cubs in Doñana (southwest Spain;
Ferreras et al. 1992). In Britain, carnivores like badgers lose
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up to 66% of all post-emergent cubs and adults near urban
zones (Clarke et al. 1998). In addition, the principal non-
natural cause of death in otters in Britain is road fatalities,
which has contributed to the general population decline of
this species (Philcox et al. 1999). In Spain, barn owl
populations decreased by 70% over a 10-year period, and
road casualties are considered the principal cause of these
deaths (Fajardo 2001). Research by Fahrig et al. (1995)
suggests that the presence of roads and the increase in
traffic intensity may have contributed to the global decline
in amphibians, as well. Several studies have revealed a
negative correlation between the amphibian anuran species'
relative abundance and traffic density (Fahrig et al. 1995;
Carr and Fahrig 2001; Hels and Buchwald 2001), between
anuran pond occupancy and road density (Vos and Chardon
1998), and between species richness in breeding sites and
paved road density (Findlay et al. 2001; Eigenbrod et al.
2008). Vertebrates remain the most studied group in road
mortality research, not only because of their size but also
because they comprise flagship species (Forman et al.
2003).

Understanding the principle factors underlying verte-
brate road fatalities, and their relationship to natural
seasonal variations that occur among vertebrate groups,
will provide ecological managers with the knowledge
necessary to reduce collision rates and road impact upon
wildlife (Saeki and Macdonald 2004; Ramp et al. 2005;
Seiler 2005; Conard and Gipson 2006). This will be
accomplished by determining and describing the location
of road kill aggregations (Clevenger et al. 2003; Ramp et al.
2006), which tend to be linked to specific habitats and
landscape types within the road vicinity (Forman and
Alexander 1998; Caro et al. 2000; Gomes et al. 2008).

Like other ecological phenomena, road kill incidence
rates are mediated by numerous factors that act at a
multitude of organisational levels and along a wide range
of spatial and temporal scales (Cushman and McGarigal
2002). Variation partitioning is a quantitative statistical
method by which the variation in response variable(s) can
be decomposed into independent components, thereby
reflecting the relative importance of different groups of
explanatory variables and their joint effects (Borcard et al.
1992; Heikkinen et al. 2004). We used this approach to
understand the influence of land cover, landscape metrics
and spatial location on vertebrate road loss patterns within a
Mediterranean environmental context. The partitioning
method is versatile, as it can be used in a variety of
univariate and multivariate settings, and with either linear
or unimodal response methods (Cushman and McGarigal
2002).

The main goals of our study were (1) to describe
vertebrate road kill patterns, during the two surveyed years
along a section of a major national road in central Portugal;

(2) to quantify the relative importance of land cover,
landscape characteristics and spatial location influencing
road kills and to evaluate the main factors individually; and
(3) to compare road kill patterns with respect to variations
in climate and traffic intensity.

Study area

This study took place along a 26-km stretch of a main road
(IP2) located in the Portalegre district, in central Portugal.
The road itself is comprised of two paved lanes along its
entire length and runs from the central-west border of the
Natural Park of Serra de São Mamede (NPSSM) in
Portalegre southward to the small village of Monforte
(Fig. 1). After our field work was concluded, the area
surrounding Monforte was classified as a Special Protection
Zone (DR, 1ª Série, nº 40, 26 February 2008).

Located near the Spanish border, this region is dominat-
ed by smooth landscape, except for the mountain topogra-
phy of the Natural Park, which reaches 1,024 m above sea
level.

The immediate road vicinity is composed of a
characteristic Mediterranean agro-silvo-pastoral system
of cork (Quercus suber) and holm oak (Quercus rotundi-
folia) woodlands (hereafter referred to as montado) and
open land used as pasturelands, meadows, extensive
agriculture and olive groves. Road topography varies

Fig. 1 Location of the studied national road stretch (IP2), near the
Natural Park of Serra de São Mamede (NPSSM), Portugal (obtained
from GIS program Arcview 3.2)
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slightly along the 26-km stretch, being 30.8% level,
48.8% buried and 20.4% raised relative to the immediately
adjacent area.

The climate is Mediterranean with warm, dry summers
alternating with cold, rainy winters. However, 2005 was an
extremely dry year, with very low annual precipitation
levels (IM 2005). The NPSSM is considered an Atlantic
biogeographic island embedded in a Mediterranean-type
matrix. This biogeographic crossroad enables the coexis-
tence of several species from both regions and contributes
to a uniquely high level of biodiversity inside the Park and
its surrounding areas.

Roughly 2 years prior to 1996, the road stretch studied
was enlarged, so that by 1996, it supported a moderate
traffic volume of 2,965 vehicles per day (IEP 2000). By
2005, the daily traffic volume had reached 6,950 vehicles
per day, and the area had become one of high traffic
intensity (EPE 2005). Despite the massive increase in mean
daily traffic volume, traffic peaks occurred in August of
both years.

Methods

Road kill survey

Vertebrate road kills were surveyed by car, travelling at an
average speed of 20 km/h, every 2 weeks from January
through December in 1996 and again in 2005 (for a total of
26 road samples per year). All vertebrate mortalities were
collected and identified by species level in loco, whenever
possible, or by analysis in the laboratory of skin, scales,
feathers or hairs depending upon the taxonomic group. We
also obtained the geographic coordinates location of all
road fatalities using a global positioning system unit
combined with land cover maps and detailed maps
(1:2,000) of road profiles. Remains were removed from
the road to avoid double counting.

Sampling units

For analysis purposes, we divided the studied road into
52 segments, each 500-m long; and for every ecological
group considered, we used the number of road losses
registered as a response variable in multivariate analysis.
A buffer 500-m wide was created around each segment,
and we obtained a total of 52 rectangular polygons
(≈50 ha), hereafter referred as sampling units (SU), on
which explanatory variables were computed and compar-
ing tests made. We choose a 500-m buffer based upon
the average road effects defined for birds by Forman and
Deblinger (2000) and Forman et al. (2002), for amphib-
ians by Eigenbrod et al. (2008) and for reptiles by

Boarman and Sazaki (2006). We also believe that 500-m
segments along the road are a reasonable length for the
implementation of road kill mitigation measures.

Explanatory variables

Each of the 52 SU was characterised for the 48 explanatory
variables used in the present study. Variables were clustered
into three groups: land cover, landscape metrics and spatial
coordinates (Table 1). Detailed land cover maps were
obtained through the interpretation of 2003 aerial photo-
graphs, complemented with fieldwork surveys. Comparing
1995 aerial photographs with those obtained in 2003
revealed that only minor changes had occurred. Based
upon this evidence, we decided to use the same land cover
map for both years under investigation. Land cover types
include pasturelands, forests (comprising montado, old
olive groves, and pines and eucalyptus plantations), urban
zones, aquatic areas (rivers and water reservoirs), shrub-
lands and roads.

We used the GIS program Arcview 3.2 (ESRI 1999)
and the Patch analyst 2.2 (Eikie et al. 1999) extension to
obtain the landscape metrics for each SU (please see
Table 1 for details). Distances and all spatial descriptors
were derived considering the midpoint of each 500-m road
segment.

A very important landscape metric was identified as the
distance to the NPSSM (see Table 1). This variable should
be interpreted as the distance to the central western limit of
NPSSM, which is an important natural area dominated by a
NE–SW-oriented mountain range. The park itself is known
for its high levels of humidity and rainfall and its
particularly well-preserved landscapes. These landscapes
are good examples of harmonious interactions between man
and nature, maintaining high levels of biodiversity. Road
topographic predictors included in the landscape metrics set
were obtained by interpreting detailed (1:2,000) road
profile maps furnished by Estradas de Portugal, SA.

The spatial set of explanatory variables (S) consisted of
ten spatial variables (Table 1), including an autocovariate
term (Borcard et al. 1992; Heikkinen et al. 2004) and a full
third-order polynomial of x and y coordinates (nine spatial
variables) so as to account for nonlinear responses:

Before calculating each polynomial term, the x and y
coordinates were centred to a zero mean to reduce
collinearity between the polynomial terms (Legendre and
Legendre 1998). The existence of autocorrelation in all
vertebrate group road kills was evaluated using Moran's I.
When autocorrelation was detected, further analysis took
this into account using an autocovariate term (Segurado et
al. 2006).

The autocovariate term (AUTOCOV) considers the
response at one road sector as a function of the responses
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Table 1 Explanatory variables used to characterise the 52 road sampling units, including their acronym and description

Acronym Variable name Description Mean (±SD)

Land cover (LC)

ROADSa Roads Total area of paved roads per sampling
unit (SU) (ha)

0.84 (±0.37)

RIPa Riparian areas Total area of riparian habitat per SU (ha) 0.87 (±0.91)

SHRUBSa Shrubs Total area of shrubland per SU (ha) 0.16 (±0.25)

OAK Oak Total area of oak woodlands per SU (ha) 22.30 (±17.37)

OAK_SHRUBSa Oak with shrubs Total area of oak woodlands with shrubland
per SU (ha)

0.72 (±1.81)

O_CROPSa Other crops Total area of other crops (e.g. orchards, vine
yards) per SU (ha)

0.46 (±1.60)

OLIVE Olive groves Total area of olive grove per SU (ha) 4.09 (±7.51)

PASTa Pastureland Total area of pastureland, meadows and
grasslands per SU (ha)

18.73 (±15.33)

URBANa Urban areas Total area of Urban areas per SU (ha) 1.33 (±3.55)

DAM Dams Total area of water reservoirs per SU (ha) 0.07 (±0.14)

Landscape metrics (LM)

L_DIRT_ROADS Length of dirt roads Total length of dirt roads per SU (m) 1,160.90 (±758.11)

D_DAMa Distance to water reservoirs Distance to the nearest water reservoir (m) 703.52 (±416.67)

D_WATERa Distance to water Distance to the nearest source of water (m) 218.80 (±193.28)

D_FORESTa Distance to forest Distance to the nearest type of forest (m) 75.22 (±167.16)

D_RIP Distance to riparian areas Distance to the nearest riparian habitat (m) 288.68 (±281.68)

D_NPSSMa Distance to NPSSM Distance to the Natural Park of Serra de
São Mamede (m)

12,680.89 (±7,327.19)

D_SHRUBSa Distance to shrubs Distance to the nearest patch with shrubland (m) 194.19 (±211.58)

D_OAK Distance to oak Distance to the nearest oak woodlands (m) 126.61 (±199.45)

D_OAK_SHRUBSa Distance to oak with shrubs Distance to the nearest oak woodlands with
shrubland (m)

813.87 (±559.63)

D_OLIVEa Distance to olive groves Distance to the nearest olive groves (m) 706.10 (±853.14)

D_URBAN Distance to urban areas Distance to urban areas (m) 426.64 (±336.92)

AWMSI N/A Area-weighted mean shape index per
SU (none)

1.74 (±0.27)

EDa N/A Total length of edges per SU (m) 341.78 (±127.72)

MEDSPa N/A Mean patch size per SU (none) 0.65 (±1.51)

MPAR N/A Mean perimeter-area ratio per SU (none) 4,181.0 (±8,695.15)

MPE N/A Mean patch edge per SU (m) 817.16 (±204.55)

MPFD N/A Mean patch fractal dimension per SU (none) 1.53 (±0.09)

NUMP N/A Number of patches per SU (none) 24 (±15)

SDI N/A Shannon's diversity index per SU (none) 1.54 (±0.24)

SEIa N/A Shannon's evenness index per SU (none) 0.77 (±0.07)

TOPBURa Buried topography Proportion of buried road on each road
segment (RS; %)

20 (±23)

TOPDES Difference topography level Difference among null altitude with minimum
or maximum on each RS (m)

1.12 (±1.22)

TOPRAI Raised topography Proportion of raised road on each RS (%) 49 (±34)

TOPMAX Maximum altitude Maximum altitude on each RS (m) 1.62 (±1.86)

TOPAVE Mean altitude Mean altitude on each RS (m) 0.27 (±0.82)

TOPMIN Minimum altitude Minimum altitude on each RS (m) −1.2 (±1.9)

TOPLEVa Level topography Proportion of level road on each RS (%) 31 (±36)

TOPRANa Range topography Difference between the maximum and
minimum altitude on each RS (m)

2.81 (±3.2)

Spatial variables (S)

Xa Longitude N/A (coordinates) N/A

Y Latitude N/A (coordinates) N/A
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at neighbouring sites. It was considered for each vertebrate
road kill data group and for all vertebrates taken together
(Augustin et al. 1998; Knapp et al. 2003). This term was
computed using the following equations:

X

j 6¼i

Wij � Yi ð1Þ

and

dij
�1=2

P
j 6¼i

dij
�1=2

ð2Þ

where wij is the weighted distance (metres) between the
500-m road segment i centre and the centre of the
neighbouring segment j, and yj is equal to the number of
road kills along the i segment. The weight distance was
calculated by Eq. 2, where dij is the distance (metres)
between the 500-m road segment i centre and the centre of
the neighbouring segment j. All the distances used were
calculated over the road network (Knapp et al. 2003).

Statistical analysis

For analytical purposes and to avoid a large number of zeros in
the final matrix, road fatalities were aggregated into seven
ecological groups (Zuur et al. 2007): amphibians, reptiles,
passerines, owls, carnivores, prey mammals and hedgehogs.
The group prey mammals includes shrews, moles, rodents,
rabbits and hares, due to their small sample size, their
ecological affinities concerning habitat selection (both tend
to concentrate on road verges) and their importance in the
trophic net. Hedgehogs were considered separately; due to
their spiny body cover, they remain on roads for a longer
period of time than other small mammals. Additionally,

hedgehogs are considered one of the mammals most affected
by road casualties all over the world (Huijser and Bergers
2000). We computed a road kill index for each ecological
group and vertebrate class and for all road fatalities taken
together to illustrate the frequency of road kills per 1,000 km
of road surveyed by year (Clevenger et al. 2003).

To determine comprehensive road kill results and those
for each ecological group, we tested (1) for the homoge-
neity (or heterogeneity) of the number of road casualties by
road stretch (SU) and surveys for each year, using Chi-
square analysis; (2) for significant differences between
1996 and 2005 in the road mortality pattern (peaks) along
the road stretch and throughout the year (monthly samples),
using paired Wilcoxon tests and (3) for differences between
the years in the number of road causalities along the road
stretch and samplings using Mann–Whitney tests (Sokal
and Rohlf 1997). All comparisons were performed with
SPSS 16.0 TM (SPSS Inc. 2008).

For multivariate analysis, in order to reduce multi-
collinearity, we removed from further analysis each variable
with the lower biological meaning from any pair of
variables having a Spearman correlation coefficient higher
than ±0.70 (Tabachnick and Fidell 2001). Original variables
were transformed to approach normality. We used logarith-
mic transformation on continuous variables (including
response variables) and angular transformation for propor-
tion land cover data (Zar 1999).

Variance partitioning

To evaluate the effects of each explanatory variable set on
the seven ecological road kill groups, we used the variation
partitioning procedure proposed by Borcard et al. (1992)
extended to the three sets of variables and adapted for
redundancy analysis (RDA; Liu 1997; Heikkinen et al.

Table 1 (continued)

Acronym Variable name Description Mean (±SD)

X2 Square longitude N/A (none) N/A

XYa Interaction between longitude
and latitude

N/A (none) N/A

Y2 Square latitude N/A (none) N/A

X3 Cubic longitude N/A (none) N/A

X2Y Interaction between square
longitude and latitude

N/A (none) N/A

XY2 Interaction between longitude
and square latitude

N/A (none) N/A

Y3 Cubic latitude N/A (none) N/A

AUTOCOV Autocovariate term N/A (none) N/A

N/A not applicable, SD standard deviation
a Variables selected by exploratory evaluation to further analysis
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2004). The choice between RDA and canonical correspon-
dence analysis was decided after running a detrended
correspondence analysis on the response matrix variables
for the 52 road segments for each year's data. The length of
the gradient for each year (1.497 and 2.261 for 1996 and
2005, respectively) suggested that a linear method (RDA)
was more appropriate (Jongman et al. 1995; ter Braak and
Smilauer 2002; Leps and Smilauer 2003).

As a first step, we ran an RDA on each set of putative
explanatory variables using a manual selection option
and Monte Carlo permutation tests (499 permutations; ter
Braak and Smilauer 2002). Only the explanatory variables
that contributed significantly (p<0.1) and improved the fit
of RDA models were retained for subsequent analysis
(Borcard et al. 1992; Liu 1997; Heikkinen et al. 2004). For
each RDA, we also tested the statistical significance of all
axes and the sum of all canonical eigenvalues with a
Monte Carlo permutation test (499 unrestricted permuta-
tions; ter Braak and Smilauer 2002; Leps and Smilauer
2003).

For each year's data, after developing single set models
and identifying explanatory variables, we computed three
joint models, one for each possible two-set combination.
Additionally, we developed a global model that incorporat-
ed all the variables selected for each single set model.

This procedure allowed us to decompose the variance of
the data into eight components: (a) pure effect of land
cover, (b) pure effect of landscape metrics, (c) pure effect of
spatial components, (ab) shared effect of habitat cover and
landscape metrics, (ac) shared effect of habitat cover and
spatial components, (bc) shared effect of landscape metrics
and spatial components, (abc) shared effect of the three
groups of explanatory variables and (u) unexplained
variation.

The variance partitioning procedures were conducted in
accordance with the methodology explained in Heikkinen
et al. (2004). All multivariate analysis was performed using
the program CANOCO version 4.5 (ter Braak and Smilauer
2002).

Results

Road kill data

Over the 52 road surveys (26 per year), a total of 1,352 km
of road were covered. We registered 2,073 vertebrate road
kills belonging to 87 species (see Appendix). However, for
data analysis, we only used 1,922 vertebrate road losses
belonging to 75 species, which were then aggregated into
the seven ecological groups previously described after
removing domestic animals and rare species that could not
be included in any of those seven sets.

In 1996, we identified 63 mammals (12 species), 266
birds (29 species), 934 amphibians (10 species) and 63
reptiles (5 species) that had been killed along the road. In
2005, we registered 95 mammals (15 species), 296 birds
(32 species), 159 amphibians (8 species) and 43 reptiles (8
species).

When comparing the RKI (number of road kills per
1,000 km driven) between the two studied years, it is
worth mentioning that approximately six times as many
amphibians and four times fewer hedgehogs were killed
in 1996 than in 2005. For the remaining taxa, the RKI
values were of the same order of magnitude in the
2 years (Table 2).

Figure 2 illustrates the distribution pattern of road
fatalities per road kilometre for each year. In both years,
there was significant heterogeneity in the number of road
kills along the stretch (χ2=1,148 and χ2=388; df=51; p<
0.0001, for 1996 and 2005), with road kills tending to be
concentrated along the road's northern section, nearest to
the Natural Park. In fact, along the first 10 km, which
correspond to 38% of the random expected mortality, we
found 61% of the road kills for 1996 (1.7 times the
expected number) and 52% of the road kills for 2005 (1.4
times the expected number); moreover, this stretch included
the main mortality peaks registered each year.

The road kill aggregation peaks along the road were
not statistically different between the two surveyed years
(Z=−1.194; N=52 (500 m) segments; p=0.233, Wilcoxon
test; Fig. 2), or within each year (Z=−1.399; N=52
samples; p=0.162, Wilcoxon test; Fig. 3).

Significant differences in all vertebrate (Z=−3.417; p=
0.001, Mann–Whitney test), amphibian (Z=−5.753; p<
0.0001, Mann–Whitney test) and hedgehog (Z=−2.352; p=
0.019, Mann–Whitney test) road fatalities (Fig. 2) were
identified between surveys. Hedgehogs were the only
ecological group which demonstrated significant differ-
ences between samplings (Z=−2.956; p=0.003, Mann–
Whitney test; Fig. 3).

Concerning temporal variation, road casualties peaked in
rainy months (usually in autumn), revealing the high
number of fatalities of amphibians on these occasions. This
pattern was particularly marked in 1996 (Fig. 3), the year
with higher rainfall. In both years, the summer months
usually exhibited the least mortality. In drier months, when
losses of amphibians were scarce, road kills generally were
higher in 2005 than 1996 (Fig. 3).

Variation partitioning

Among the 48 initial variables, 23 were used for further
multivariate analysis, after removing collinear descriptors
(see Table 1). Initially, we used the autocovariate term to
account for the autocorrelation observed within groups and
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in the overall mortality. However, this term was excluded
during exploratory analysis, due to the high correlation with
distance to the NPSSM, which was easier to explain from a
biological point of view.

The variables other crops, pastureland and shrubland
were significant in 1996 RDA (Table 3), altogether
capturing 22.9% of the explained variance in vertebrate
road kills (Fig. 4). From the landscape metrics set, distance
to the NPSSM, distance to shrubland, distance to forest,
length of dirt roads and distance to montado with shrub-
land (Table 3) were considered significant, explaining
51.3% of the variance (Fig. 4). In the spatial set, the
variables selected were longitude coordinates and longitude
and latitude coordinate interaction, capturing 24.9% of the
variance in data.

In 2005, other crops, pastureland and urban areas were
the variables selected on the land cover set RDA (Table 4),
capturing 14.5% of the explained variance in road kills. In
the landscape metrics set, four variables were considered
significant, distance to the NPSSM, distance to forest,
distance to montado with shrubland and distance to water
reservoirs (Table 4), capturing 33.0% of the variance. In
this year, two spatial group variables were included in the
RDA: longitude coordinates and longitude and latitude
coordinate interaction, capturing 9.1% of the variance.

When considered altogether, the variables selected captured
67.5% of the variance in 1996 and 48.1% in 2005.

The pure land cover effect was almost twice as
great in 1996 (5.5%) as in 2005 (2.9%). Another
interesting result was the small negative value of two
fractions of variance, suggesting synergism between
land cover and spatial coordinates in 1996 and
landscape metrics and spatial coordinates in 2005
(Liu 1997; Legendre and Legendre 1998). The joint
effects of the three variables groups were four times
higher in 1996 (8.8%) as in 2005 (2.2%).

Redundancy analysis for 1996

The Monte Carlo test revealed that the first canonical partial
axis (F=61.073, p=0.002) and all canonical axes together
(F=8.517, p=0.002) were highly significant. Considering
the vertebrate group–environment relationship in 1996, the
first two partial RDA axes together captured 95.7% of all
the extracted variance (88.6% and 7.1%, respectively). The
triplot graph (Fig. 5) shows that, in all groups, road
mortality was negatively related to distance to NPSSM,
this relationship being particularly defined for prey mam-
mals, passerines and Reptilia. Moreover, the higher mor-
tality of prey mammals, Reptilia and Amphibia was

Table 2 Road kills indexes (RKI, number of road kills per 1,000 km surveyed) per year for each ecological group, vertebrate class and all
vertebrates pooled together

Year RKI by ecological group, vertebrate class and total

Total Amphibians Reptiles Passerines Owls Prey_mammals Hedgehogs Carnivores

1996 2,090 1,382 93 374 19 62 10 21

2005 976 235 64 407 31 75 40 25

Totala 1,533 808 78 433 (all birds) 167 (all mammals)

a In order to have values comparable with other authors' data, the vertebrate class and total RKI (last table row) comprised all taxa registered including
domestic and several species not taken into account in other analysis (see Appendix)

Fig. 2 Road kills registered
along the national road section
(kilometres) on both studied
years. Black and grey dashed
lines correspond to the average
road kills per kilometre in 1996
and 2005, respectively (obtained
from Microsoft Excel)
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associated with an increase in the area of other crops.
Proximity to forests (a decrease in distance to forest) and
smaller area of pasturelands promote mortality among prey
mammals, passerines, Reptilia and Amphibia. The presence

of shrubs was highly associated with owls and hedgehogs
fatalities.

Wild carnivores mortality tended to increase near forest
patches (decreasing with distance to forests), in areas of
montado with shrubland and a lower density of dirt roads,
and at lower longitudes and to decrease in pastureland
areas. Table 3 outlines every variable selected during RDA
analysis and its conditional effects. Distance to NPSSM was
the strongest predictor of vertebrate mortality. This impor-
tance also is stressed in the triplot where it is the variable
with the longest arrow.

Redundancy analysis for 2005

The Monte Carlo test for the global RDA performed with
all the descriptors revealed that the first canonical partial
RDA axis and all canonical axes combined were highly
significant (F=21.002, p=0.002 and F=3.883; p=0.002,
respectively). The first two partial axes accounted for
89.3% of all extracted variance (70.4% and 18.9%,
respectively). The triplot (Fig. 6) for the 2005 data also
reveals the strong negative association between distance to
NPSSM and the mortality of prey mammals, passerines,

Fig. 3 Comparisons of the
monthly road kills for ecologi-
cal groups, between years: (a)
1996 and (b) 2005. The total
number of road kills per month
is on the top of each column
(obtained from Microsoft Excel)

Table 3 Variables selected by the manual forward procedure in each
set (LC, land cover; LM, landscape metrics and S, space) for 1996
redundancy analysis

Set Variable -A -1 F p value

LC O_Crops 0.04 0.10 5.8 0.01

Past 0.01 0.04 4.8 0.01

Shrub 0.01 0.06 2.8 0.05

LM D_NPSSM 0.34 0.34 26.0 <0.01

D_Shrubs 0.01 0.10 4.8 0.02

D_Forest 0.01 0.15 3.3 0.04

L_Dirt_Roads 0.03 0.03 3.5 0.03

D_Oak_Shrubsb 0.04 0.03 3.2 0.04

S X 0.13 0.19 12.1 0.02

XY 0.06 0.10 3.5 0.03

The conditional effects ( -A), the marginal effect ( -1), the F statistics
of the Monte Carlo test and the associated probability (p) are reported
for each variable
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hedgehogs and owls, similar to 1996. On the other hand,
wild carnivore causalities present a slightly positive
relationship with this variable. Reptilia mortality seems to
be less closely related to distance to NPSSM, as it was in
1996. For the Amphibia and Reptilia, the graph shows that
increases in casualties tended to occur near water reservoirs
and forest patches, with smaller pastureland cover, and at
lower longitudes. Other crops as cover appear to influence
mortality patterns in the same way as they did in 1996. In
2005, owls sustained an increased number of fatalities near
montado with shrubland areas (shorter distance to oak with
shrubs). However, for this vertebrate group, and to a lesser
extent for hedgehogs, urban areas and longitude and
latitude coordinate interaction now presented a strong
positive association with road kills.

In 2005, the strongest predictor of road fatalities again
was distance to NPSSM, with the greatest value for
conditional effects (Table 4).

When comparing the results between the 2 years, we
noticed that, in the global models, a similar number of
variables were selected in each case (ten vs. nine),
suggesting a good balance within the statistical analysis.
From all the variables selected, seven descriptors remain
common to the models for both years: other crops,
pastureland, distance to NPSSM, distance to forest,
distance to oak with shrubs, longitude and interaction
between longitude and latitude. In order to evaluate the
predictive power of these variables, we reran the models
with each year's data using only the seven common
variables (results not shown). We verified that only a minor
part of the explained variance was lost (7% in 1996 and 4%
in 2005), which strengthens the argument that these
common variables influence vertebrate road losses inde-
pendently of the year (and also of climatic conditions and
traffic), and so must be particularly useful for road
managers as predictors of fauna fatalities on roads.

We also reran the models from 1 year with the road kill
data from the other year, as a way to evaluate model
adequacy and robustness (results not shown). Both models
demonstrated analogous relationship patterns among road
casualties and explanatory variables, and a similar propor-
tion of variance explained as in the original models (47%
for the 1996 model with data from 2005 and 62% for the
2005 model with data from 1996). These results suggest
that the original models perform well.

Discussion

Global patterns of mortality

Information concerning overall vertebrate road kills is
scarce, so that comparisons between our results and other

Table 4 Variables selected by the manual forward procedure in each
set for 2005 redundancy analysis

Set Variable -A -1 F p value

LC Urban 0.05 0.02 2.9 0.04

Past 0.04 0.01 2.6 0.03

O_Crops 0.04 0.01 2.4 0.05

LM D_NPSSM 0.22 0.22 14.3 <0.01

D_Forest 0.09 0.01 2.6 0.02

D_Oak_Shrubs 0.03 0.03 2.6 0.02

D_Dam 0.04 0.03 2.1 0.05

S X 0.05 0.06 2.8 0.04

XY 0.03 0.10 2.1 <0.10

See details in Table 3

Fig. 4 Results of variation decomposition for the total ecological
vertebrate groups (EVG), shown as fractions of variation explained.
Variation of the EVG matrix is explained by three groups of
explanatory variables: LC (land cover), LM (landscape metrics) and

S (spatial variables), and U is the unexplained variation; a, b and c are
unique effects of habitat, landscape factors and spatial variables,
respectively, while ab, ac, bc and abc are the components indicating
their joint effects (obtained from Microsoft Power Point)
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studies are difficult to discuss meaningfully. However,
we can state that our road kill numbers are higher—
except for mammals—than the ones recorded by Lodé
(2000) in Western France, who reported 294 amphibian,
11 reptile, 267 avian and 435 mammalian road kills per
1,000 km driven (see Table 2 for results). Concerning
studies that considered different vertebrate groups, Hell et
al. (2005) reported 60 mammalian and 72 avian road
casualties per 1,000 km in Slovenia, values that are much
lower than ours for the same groups (Table 2). Clevenger
et al. (2003) reported five mammalian, five avian and 0.74
amphibian road fatalities per 1,000 km in Canada. Finally,
Grilo et al. (2009) identified 470 road losses of wild
carnivores per 1,000 km in south Portugal. However, they
surveyed highways (260 km) and national roads (314 km),
and the methodology they used was similar to ours only
with the latter. We believe that besides differences in
sampling protocols among these studies, our results may
reflect the unusually high numbers of individuals and
diversity of species that occur in our surveyed area, which
is embedded at a crossroads between Atlantic and
Mediterranean biogeographic regions located within a
hotspot of global and national biodiversity (Myers et al.
2000).

Looking to the temporal distribution of the road
casualties in each studied ecological group, the results
presented here mainly reflect ecological demands and life
history traits, like breeding phenology and dispersal activity
(Philcox et al. 1999; Clevenger et al. 2003; Erritzoe et al.
2003). This is particularly true for the most frequently
killed vertebrates, the amphibians and passerines. Amphib-
ians are extremely affected by road mortality during their
breeding season which, in Mediterranean regions, takes
place in autumn and spring (Fig. 3) when rainy events are
concentrated (Hels and Buchwald 2001). Passerine road
kills occurred mostly from April to September,
corresponding to the breeding and dispersal periods of the
juveniles in southern Europe (Erritzoe et al. 2003). Road
kill patterns in this group also may reflect the greater
abundance of food near the roads during summer months,
because of agricultural crops. Nevertheless, at least a
proportion of passerine road fatalities also may be associ-
ated with the higher traffic flow that occurs during summer
holidays (Erritzoe et al. 2003).

We identified highly similar spatial and temporal
road kill patterns in both years (Figs. 2 and 3). This
suggests that the sites where most vertebrates tend to
cross the road are not random and can be predicted on

Fig. 5 Ordination triplot depict-
ing the first two axes of the
environmental (total) variables
from partial redundancy analysis
of the species assemblages in
1996. Environmental variables
(land cover, landscape metrics
and spatial; grey colour) are
represented by solid lines and
their acronyms (see Table 1).
Ecological groups' locations
(black colour) are represented
by dashed arrows and their
name (Table 4). Road samples
are symbolised by black trian-
gles. D_FOREST distance to
forest, D_NPSSM distance to
Natural Park of Serra São
Mamede, D_OAK_SHRUBS
distance to oak woodlands with
shrubs, D_SHRUBS distance to
shrubland, L_DIRT_ROADS
length of dirt roads, O_CROPS
other crops, PAST pastureland, X
longitude coordinates, XY longi-
tude and latitude (coordinates)
interaction (obtained from
Canoco 4.5)
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the basis of surrounding environmental characteristics,
despite changes in climatic and traffic conditions that
occurred between 1996 and 2005 (see further sections).
Animals show some fidelity to landscape corridors,
especially inside their home ranges. Consequently, road
kill aggregations may persist over generations (Clevenger
et al. 2003).

Land cover, landscape metrics and spatial effects on spatial
road kill patterns

We conducted our study to improve our understanding in
the effects of land cover, landscape metrics and spatial
influences on road casualties. To our knowledge, ours
was the first study to use variance partitioning method-
ologies to evaluate the relative influence of these
descriptors sets on vertebrate road kill patterns. More-
over, it is the first to have compared road fatalities along
the same stretch of road between two time periods
several years (9 years) apart.

The overall results of the variance partition analyses
performed for the 2 years demonstrate similar tenden-
cies over the 2 years, despite differences in the
proportion of total variance explained. Moreover, seven
variables were common to both years' models, and

models incorporating just these common variables exhibit
analogous results to the original ones, suggesting that
these variables are particularly useful for the prediction of
road kills on similar roads crossing the same types of
environment.

Landscape metrics always were the most important set,
followed by spatial features, explaining vertebrate road
fatalities. In both years, land cover was the set that
explained road fatality patterns least. This is a surprising
result, because we would expect a greater influence of the
land cover set. Indeed, some studies implicate habitat as
having the highest influence on road casualties (e.g.
Clevenger et al. 2003) because animals tend to cross roads
near optimum habitat patches. However, due to habitat
fragmentation, the remaining patches become smaller and
more isolated, promoting longer movement among patches
when animals are looking for high quality habitats,
increasing the probability of being hit by a car outside that
optimum habitat (Forman et al. 2003; Alexander et al.
2005; Eigenbrod et al. 2008; Shepard et al. 2008; Grilo et
al. 2009).

Regarding the land cover variables, other crops were
associated with an increase in casualties among prey
mammals and passerines (Figs. 5 and 6) in both years.
Small mammals living in Mediterranean areas, such as

Fig. 6 Ordination triplot depict-
ing the first two axes of the
environmental (total) variables
from partial redundancy analysis
of the species assemblages in
2005. See details in legend of
Fig. 5. D_DAM distance to
water reservoirs, URBAN urban
areas (obtained from Canoco
4.5)
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rodents, shrews, moles and rabbits and many small birds,
often are favour by small orchards, vineyards and vegetable
gardens, which provide water, shelter and food. One would
expect road fatalities to be enhanced if these cultures are
located in the vicinity of a road (Bennett 1990; Bellamy et
al. 2000; Bautista et al. 2004; Rytwinski and Fahrig 2007).
The positive association between owls and prey mammals
road losses obtained in both years (Figs. 5 and 6)
suggests that owl road fatalities may, at least, partially
reflect an attraction to the road vicinity due to higher prey
availability. Here, they will be exposed to vehicles while
flying from one perch to another (Hernandez 1988; Gomes
et al. 2008). In fact, a study recently conducted on another
road in southern Portugal has found a higher concentration
of rabbits and other small mammals on road verges
relative to surrounding areas (Marques et al., unpublished
data).

Distance to NPSSM was the most important of all of
the landscape metrics variables, being negatively corre-
lated with the majority of the vertebrate fatalities in both
years. This association may reflect the distance to a
mountain range in the NPSSM, where higher rainfall and
humidity provide greater water availability than in
surrounding flat areas. In a Mediterranean context, water
supply is critical for most vertebrates, particularly during
the summer months, although amphibians chiefly are
affected. Probably, the elevated number of road kills that
occurred in the SU closer to the Park was related to the
expected southwards-decreasing water gradient (Figs. 5
and 6). These results reveal the higher abundances of
amphibians near the Park, as elevated numbers of these
species are expected in moist areas (Beja and Alcazar
2003; Mazerolle et al. 2005; Benayas et al. 2006;
Eigenbrod et al. 2008).

Carnivore road casualties were the least strongly
associated with distance to NPSSM. In 2005, this group
exhibited a different pattern than the one registered in
1996. In fact, in 2005, most road losses of wild carnivores
took place along the final section of the road, away from
the Park but in proximity to the largest stream with a well-
preserved riparian corridor (Ribeira Grande) that crosses
the study area. Virgós (2001) and Matos et al. (2008)
emphasised the importance of riparian woodlands for
carnivores, especially when crossing open lands, as in
our study area. This effect must be particularly enhanced
in dry years when animals actively seek water resources.
The most important factors affecting carnivore road
fatalities may be related to physiological constraints,
mainly due to habitat and/or environmental limitations.
In 2005, the dry conditions might have caused carnivores
to gather nearest to riparian areas, increasing their
probability of getting killed when those areas are located
near roads. On the other hand, as water availability was

not a limiting factor in 1996, the presence of optimal
habitat (e.g. oak woodlands) for carnivores scattered along
the roadside may explain the dispersed distribution of road
casualties of these species during that year (Fig. 5; Grilo et
al. 2009).

In addition, it is worth mentioning that none of the
descriptors related to the road profile included in the
landscape metrics set were selected as significant in either
year. Clevenger et al. (2003) showed that roadside
topography strongly influences small vertebrate road kills,
especially those with low vagility. These differences in the
results may reflect the fact that our studied road crosses a
flattened landscape and presents only small profile dissim-
ilarities along the entire surveyed stretch.

The relatively large influence of the spatial set of
variables on road losses is in agreement with the spatial
autocorrelation found in our data for both years. Despite
the great influence of latitude, revealed by the impor-
tance of distance to NPSSM, longitude and the interaction
of longitude with latitude also were important. Highest
interaction values also occurred near the NPSSM (higher
latitudes and longitudes), which may explain the strong
positive relationship of this variable with mortality in
several vertebrate groups (Figs. 5 and 6). This effect was
slightly more prominent in 1996, revealing a greater
spatial structure among road kills during this year. The
spatial effects also may incorporate the effect of other
factors—such as local resources, predation and competi-
tion—that may affect species abundance and or space use,
which also may define the locations of vertebrate road
casualties (Legendre 1993). However, it was not possible
to assess the relative importance of these factors with our
data.

What caused the difference between 1996 and 2005?

Despite of the differences in the percentage of explained
variances, the models for each year are similar and have
in common seven explanatory variables. However, two
major changes occurred between 1996 and 2005: (1) a
strong decrease in rainfall and (2) a high increase in
traffic volume. Most animals have a high physiological
dependence on water, this being particularly strong for
amphibians as they depend entirely upon it to complete
their life cycles (Cushman 2006). Amphibians also show
episodic massive road fatalities, usually coincident with
migrations to and from spawning sites that can take place
within a single night (Clevenger et al. 2003; Cushman
2006).

A dry year, like 2005, affects amphibians life cycles,
inhibiting their reproduction and therefore limiting their
movements (Benayas et al. 2006; Cushman 2006), which
in turn lowers road kill risk. Nevertheless, not only
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amphibians should be affected by weather. Extreme
meteorological conditions, such as the severe drought
verified in Portugal in 2005, may have exerted a sizeable
impact upon the population density and space use of most
species as a response to restricted resources, particularly
water (Vermeulena and Opdam 1995; Erritzoe et al. 2003;
Araújo et al. 2006). The demand for water in dry
conditions must explain the greater importance of distance
to water reservoirs in structuring vertebrate road fatalities
in 2005. This is particularly obvious for amphibians, but
also for carnivores as previously explained.

In 1996, the abundance of water over the entire study
area was not a limiting factor, as the rivers and little
streams kept water running throughout the year. The
extremely dry conditions experienced in 2005 may have
contributed to the higher mortality of most vertebrate
groups, relative to 1996 values, except for amphibians
and reptiles. The moister conditions and more abundant
vegetation growth on verges, versus surrounding areas,
translate into an increase in the availability of cover and
food, which attracts animals to the roadside, increasing
their likelihood of being hit (Bellamy et al. 2000;
Sherwood et al. 2002; Erritzoe et al. 2003).

On the other hand, traffic load and speed also are
important factors determining road losses (Kaczensky et
al. 2003; Baker et al. 2004; Jaeger et al. 2005; Grilo et al.
2009), and they also might have played a role in the
higher mortality of many vertebrate groups recorded in
2005. Indeed, along the studied stretch of road, traffic
increased roughly 150% between 1996 and 2005. Most
species or groups seemed to be particularly vulnerable to
this traffic increase. For instance, four times the hedgehog
road fatalities occurred in 2005 as in 1996 (Huijser and
Bergers 2000), and twice as many owls were killed
(Fajardo 2001). Jaarsma et al. (2006) warmed of the
effect of higher speeds, which may increase the chance of
an animal being hit by a car while attempting to cross a
road. This may explain the increase in avian and
mammalian road casualties verified in 2005 (Erritzoe et
al. 2003; Van Langevelde and Jaarsma 2004). Addition-
ally, the road had been enlarged roughly 2 years prior to
1996. This roadside invasion, which resulted in the
destruction of verges, may have temporarily decreased
the density of hedgehogs and rabbits on verges (Rondinini
and Doncaster 2002; Bautista et al. 2004), thereby
lowering their probability of being killed during the first
year of our study. Finally, we also should consider that the
traffic load should be greater near Portalegre, due to the
daily influx of people from the surrounding villages who
work there, which also may have contributed to the higher
number of road kills for all groups along the first 10 km of
the studied stretch of road (Fig. 2). Originally, our goal
concerning comparisons between 1996 and 2005 was to

evaluate the effect of traffic intensification on vertebrate
road fatalities. The large differences in rainfall between
these 2 years confounded our results and did not allow for
the identification and discussion of any pure traffic effect
on road fatalities.

Conclusions

This investigation provided the first results and discus-
sion regarding the relative roles of land cover, landscape
metrics and spatial effects, through variance partitioning,
on all terrestrial vertebrate class road kill patterns, taken
together, within a Mediterranean context. We have
demonstrated that landscape metrics are the most
important group of factors influencing vertebrate road
kills. This means that, when choosing road corridors, the
landscape structure, and not only its land cover, must be
taken into account as a whole if we aim to effectively
reduce the risk of fauna fatalities. The high density of
road mortality found in our study justifies the urgency of
implementing mitigation measures on existing roads.
Hotspots of mortality on the road must be identified on
the basis of field surveys and modelling. Mitigation
measures must take place for each vertebrate group and
must be defined specifically taking into account species
behaviour and ecological needs (Caro et al. 2000;
Underhill and Angold 2000; Iuell et al. 2003; Grilo et al.
2008).

In both models, 9 years apart, the same seven variables
influenced road mortality, despite traffic enhancement and a
drier climate in the latter year. As explained in detail above,
these predictors appear to be ecologically relevant for most
of the vertebrate groups we studied, which might mean that,
to be effective, mitigation measures should focus on these
predictors.

Notwithstanding these main contributions, more investi-
gation is needed to disentangle the pure effects of
individual factors (e.g. road characteristics, landscape
features, traffic volume and speed and weather conditions)
on fauna road mortality patterns. We hope that our results
will provide insight into prioritising and choosing the best
options when several become available.
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Appendix

Table 5 List of road kills by species in 1996 and 2005

Class Species Status Road kills

Years Scientific name Common name ICNB IUCN 1996 2005 Total

Mammals Apodemus sylvaticusa Wood mouse LC LC 13 10 23

Canis familiaris Domestic dog NA NA 11 3 14

Chiroptera NI – – – 3 2 5

Crossidura russulaa Greater white-toothed shrew LC LC 3 0 3

Erinaceus europaeusa Western hedgehog LC LC 7 27 34

Felis catus Domestic cat NA NA 8 12 20

Genetta genettaa Genet LC LC 3 3 6

Herpestes ichneumona Egyptian mongoose LC LC 0 1 1

Lagomorph NIa – – – 0 2 2

Lepus granatensisa Iberian hare LC NA 6 8 14

Mammal NI – – – 1 8 9

Martes foinaa Stone marten LC LC 0 3 3

Meles melesa badger LC LC 4 2 6

Microtus cabreraea Cabrera's vole VU NT 1 0 1

Muridae NIa – – – 3 4 7

Mus spretusa Algerian mouse LC LC 2 2 4

Mustela nivalisa Weasel LC LC 0 1 1

Mustela putoriusa Polecat DD LC 1 3 4

Oryctolagus cuniculusa Rabbit NT LC 3 15 18

Pipistrellus kuhli Kuhl's pipistrelle LC LC 4 0 4

Pipistrellus sp. – – – 5 10 15

Rattus norvegicusa Brown rat NA NA 1 0 1

Rattus rattusa Black rat LC LC 0 1 1

Rattus sp.a – – – 9 2 11

Rhinolophus ferrumequinum Greater horseshoe bat VU NT 1 0 1

Talpa occidentalisa Iberian mole LC LC 1 7 8

Vulpes vulpesa Red fox LC LC 6 4 10

Birds Alauda arvensisa Skylark LC LC 0 3 3

Alcedo atthis Kingfisher LC LC 1 0 1

Alectoris rufa Red-legged patridge LC LC 2 1 3

Anthus campestrisa Tawny pipit LC LC 0 1 1

Anthus sp.a – – – 1 0 1

Athene noctuaa Little owl LC LC 5 7 12

Bird NI – – – 1 3 4

Bubulcus ibis Cattle egret LC LC 0 1 1

Buteo buteo Buzzard LC LC 0 2 2

Carduelis cannabinaa Linnet LC LC 1 0 1

Carduelis carduelisa Goldfinch LC LC 1 9 10

Carduelis chlorisa Greenfinch LC LC 1 0 1

Carduelis spinusa Siskin LC LC 1 0 1

Ciconia ciconia White stork LC LC 1 0 1

Cisticola juncidisa Fan-tailed warbler LC LC 2 1 3

Columba livia Rock dove DD LC 2 6 8

Coturnix coturnix Quail LC LC 0 1 1
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Table 5 (continued)

Class Species Status Road kills

Years Scientific name Common name ICNB IUCN 1996 2005 Total

Delichon urbicaa House martin LC LC 0 1 1

Emberiza calandraa Corn bunting LC LC 18 13 31

Erithacus rubeculaa Robin LC LC 12 17 29

Falco tinnunculus Kestrel LC LC 0 2 2

Fringilla coelebsa Chaffinch LC LC 0 7 7

Galerida cristataa Crested lark LC LC 1 0 1

Galerida sp.a – – – 0 3 3

Galerida theklaea Thekla lark LC LC 0 1 1

Hirundo dauricaa Red-rumped swallow LC LC 2 3 5

Hirundo rusticaa Barn swallow LC LC 0 1 1

Hyppolais polyglottaa Melodious warbler LC LC 0 1 1

Lanius meridionalisa Southern grey shrike LC LC 1 0 1

Lanius senatora Woodchat shrike NT LC 11 6 17

Motacilla albaa White wagtail LC LC 0 2 2

Muscicapa striataa spotted Flycatcher NT LC 1 0 1

Oenanthe hispanicaa Black-eared wheatear VU LC 0 2 2

Parus caeruleusa Blue tit LC LC 11 14 25

Parus majora Great tit LC LC 2 6 8

Parus sp.a – – – 0 2 2

Passer domesticusa House sparrow LC LC 32 9 41

Passer hispaniolensisa Spanish sparrow LC LC 1 2 3

Passer sp.a – – – 4 42 46

Passerin NIa – – – 56 36 92

Petronia petroniaa Rock sparrow LC LC 1 1 2

Phylloscopus collybitaa Chiffchaff LC LC 13 24 37

Phylloscopus trochilusa Melodious warbler LC LC 0 1 1

Pica pica Magpie LC LC 0 1 1

Saxicola torquatusa Stonechat LC LC 14 23 37

Serinus serinusa Serin LC LC 7 8 15

Strix alucoa Tawny owl LC LC 2 7 9

Sylvia atricapillaa Black cap LC LC 26 5 31

Sylvia melanocephalaa Sardinian warbler LC LC 14 21 35

Sylvia sp.a – – – 5 4 9

Sylvia undataa Dartford warbler LC LC 7 1 8

Troglodytes troglodytesa wren LC LC 1 0 1

Turdus merulaa Blackbird LC LC 4 4 8

Turdus philomelosa Song thrush LC LC 1 0 1

Turdus sp.a – – – 1 0 1

Tyto albaa Barn owl LC LC 6 7 13

Upupa epops Hoopoe LC LC 0 1 1

Amphibians Alytes cisternasiia Iberian midwife toad LC NT 2 1 3

Amphibian NI – – – 39 4 43

Anurean NIa – – – 5 2 7

Bufo bufoa Common toad LC LC 100 11 111

Bufo calamitaa Natterjack toad LC LC 423 53 476

Bufo sp.a – – – 1 0 1

Discoglossus galganoia Iberian painted frog NT LC 13 1 14
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Table 5 (continued)

Class Species Status Road kills

Years Scientific name Common name ICNB IUCN 1996 2005 Total

Hyla meridionalisa Stripless treefrog LC LC 7 0 7

Pelobates cultripesa Iberian spadefoot toad LC LC 224 35 259

Pleurodeles waltla Sharp-ribbed newt LC LC 50 27 77

Rana perezia Iberian green frog LC LC 5 3 8

Salamandra salamandraa Fire salamander LC LC 96 25 121

Triturus marmoratusa Marbled newt LC LC 8 0 8

Urodelo NIa – – – 0 1 1

Reptiles Coronella girondicaa Southern smooth snake LC NE 3 2 5

Coluber hippocrepisa Horseshoe whip snake LC NE 0 2 2

Lacerta lepidaa Ocellated lizard LC NE 24 6 30
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Total 1,413 660 2,073

ICNB status following Portuguese red list data book (Cabral et al. 2005), IUCN status following international red list data (IUCN 2007), NI not
determined
a Species used in analysis
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