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Spatial distribution and seasonal pattern in road mortality of the
common toad Bufo bufo in an agricultural landscape of
south-western Poland

Grzegorz Orlowski

Abstract. Amphibians are the group of animals suffering particularly from the presence of roads and vehicle traffic. The
seasonal migration to breeding places undertaken by amphibians in the temperate climate zone is the main reason for their
appearance on roads. Between June 2001 and August 2003, 957 common toads Bufo bufo were recorded killed on 48.8 km
road network with various traffic volumes (350-10500 cars per 24 h), situated in the agricultural landscape of south-western
Poland. The highest mortality was recorded in April (57% of all road-kills). The places with highest recorded mortality varied
markedly throughout the year. In spring, many more animals died within the built-up areas, while in summer and autumn their
number increased in the open countryside. During the whole study period, 73% of all road-kills were recorded on roads (55%
of all controlled) with the lowest traffic volume (350-470 cars per 24 h). The average number of road-kills on roads with the
high traffic volume (5700-10500 cars per 24 h) was over 15 times lower than on the roads with low traffic (0-0.17 road-kills
per 100 m on roads with high traffic vs 2.59 road-kills per 100 m on roads with low traffic). The number of road-kills on
15 road sections was most closely related to the abundance of local populations of Bufo bufo and to the size of water bodies
situated in the road vicinity. The yearly level of local mortality in breeding populations of Bufo bufo due to the vehicle traffic
ranged from 2 to 18%.

Introduction (Seabrook and Dettmann, 1996), making the
migration easier and faster but also increasing
the risk of collision with vehicles.

Alarming reports of dramatic decline of many
amphibian species due to human activities such
as drainage and destruction of breeding sites,
growing agricultural and industrial pollution,
excessive UV radiation, climatic changes (e.g.
Kiesecker and Blaustein, 1995; Blaustein et al.,
2001; Collins and Storfer, 2003; Cooke and
Sparks, 2004), introduction of exotic, invasive
vertebrate species (e.g. Cruz and Rebelo, 2005;
and the reference herein) and the expansion of
road networks coupled with increasing traffic
(Beebee and Griffiths, 2005) are an urgent call
for a thorough investigation of threats to this
group of animals. Rapid increase of road traf-
fic, currently observed in many parts of Europe,
may be the main cause of local drops of amphib-
ian abundance (discussed in Cooke and Sparks,
2004), although the actual reasons for decline of
many common species are hardly known (e.g.

Amphibians are the group of animals suffer-
ing particularly from the presence of roads and
vehicle traffic, both directly, due to collisions
with vehicles (Hels and Buchwald, 2001; Maze-
rolle, 2004), and indirectly, through the increas-
ing isolation of populations and difficulties in
reaching the particular breeding sites (Vos and
Chardon, 1998; Pellet et al., 2004), resulting in
reduced genetic diversity of the affected popu-
lations (Hitchings and Beebee, 1998; Scribner
et al., 2001). The seasonal migration to breed-
ing places undertaken by most amphibians in
the temperate climate zone is the main reason
for their appearance on roads. In some parts
of the world road mortality currently poses the
biggest threat to many species of amphibians
(e.g. Cooke and Sparks, 2004). In a highly trans-
formed landscape smooth road surfaces and
roadsides can also be used as migration routes
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there are virtually no publications presenting the
relationship between large-scale landscape vari-
ables, such as road characteristics (e.g. traffic
volume), abundance of local populations and
mortality level of herpetofauna, or studies de-
voted to mortality on road networks with var-
ious traffic volumes and describing the yearly
dynamic of road-kills abundance (discussed in
Mazerolle, 2004). Traffic volume and its daily
variability, distance from the nearest water bod-
ies and field topography are usually mentioned
as decisive for the road mortality level of am-
phibians (Fahrig et al., 1995; Hels and Buch-
wald, 2001; Clevenger et al., 2003; Mazerolle,
2004; Rybacki and Domariska, 2004).

The aim of the present study was to deter-
mine the yearly dynamic of the mortality level
in the common toad Bufo bufo on a road net-
work with various traffic volumes, situated in an
intensively farmed area of Lower Silesia (SW
Poland) and to specify the main relationships
between habitat quality and number of road-
kills.

Material and methods
Study area

The research was conducted on a network of 15 roads (total
length 48.8 km) with various traffic volumes (table 1) situ-
ated in Lower Silesia, south of Wroctaw city (SW Poland).
The study area (51°02'N, 17°03'E; ca. 55 km?; fig. 1)
is characterized by one of the lowest woodland shares in
Poland, ca. 1.6%. The dominant form of land use is arable,
covering ca. 92% of the total area. In the year 2000 the main
crops were wheat (50%), oilseed rape (25%), root crops
(10%) and maize (8%). The rest (5.5%) consists of built-up
areas and communication routes. The area is inhabited by
ca. 8000 people. The level of traffic volume was obtained
from the data of General Management of Public Roads in
Wroctaw and Wroclaw District Council for the year 2000.

Counts of road-kills and local populations of Bufo bufo

The survey of road-killed animals was conducted from 24th
of June 2001 to 18th of August 2003. All roads were
checked from a car, driving at 20 to 50 km/h. During the
migration period of amphibians, road sections with more
abundant appearance of road-kills (mainly in the vicinity of
water bodies) were checked on foot. From the second half
of March until the end of September all roads were surveyed
three times a week. Outside this period a maximum of two
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counts a week were made. The length of each survey de-
pended on the number of road-kills and weather conditions.
It lasted from 1.5 to over 3 hours. The counts were con-
ducted usually in the afternoon, in dry weather. Findings of
dead amphibians were recorded, including road number and
the habitat (village or open countryside). To avoid repeated
counting of the same animals, all road-kills were removed
from the road.

To describe the relationships between road features
and number of road-killed toads, seven habitat variables
were determined (range and units are given in brackets):
1) traffic volume (350-10500 cars per 24 h); 2) number of
ponds within 200 m of the road (0-8); 3) area of ponds
within 200 m of the road (0-1.25 ha); 4) share of adja-
cent built-up areas (0-73.2%); 5) share of adjacent arable
land (0-96.5%); 6) mean number of breeding individuals
of Bufo bufo recorded in ponds within 200 m of the road
(0-1700); 7) number of road-killed Bufo bufo per 100 m of
road (0.00-17.16).

These data were determined on the basis of ordnance
survey maps (1:25000 and 1:10000) and direct field study.
Out of 46 analysed water bodies, 26 (57%) were situated
within villages, and the remainder (43%) in open country-
side. In order to determine local population abundance of
Bufo bufo, the results of a special inventory were used. All
breeding sites of Bufo bufo were recorded in the whole area
(ca. 55 km?) from the middle of March until May in 2000-
2001 (G. Ortowski — unpublished data). The counts of Bufo
bufo were conducted 2-3 times in each season. The collected
data provide information about the occurrence of breeding
Bufo bufo in ca. 70 small water bodies scattered throughout
the area. In the relationships between the number of Bufo
bufo road-kills and the road features, the mean number of
all adults recorded in a water body during two years was
used. The presented relationships include abundance of lo-
cal populations from water bodies (n = 46) localized up
to 200 m from roads, where anywhere between 10 (small,
concrete anti-fire reservoirs) and ca. 1500 individuals bred
(fig. 1). The total breeding population of Bufo bufo within
the belt of 200 m either side of the roads was estimated at
ca. 5500 individuals. It accounted for ca. 80-90% of all Bufo
bufo breeding within the study area (ca. 55 km?).

Statistical analysis

Differences in the number of road-kills on particular roads
with various traffic volumes were determined with the use of
the Wilcoxon test. Differences in the number of road-kills
within built-up areas and open farmland were tested using
Chi-square x> goodness-of-fit analysis. Road length was
used to calculate the expected values. Pearson’s correlation
coefficient was applied in order to identify the relation
between the number of Bufo bufo road-kills per 100 m of
road and the road features. Three variables with the spread
P < 0.05 in the Kolmogorow-Smirnov test (traffic volume,
number of breeding individuals and number of road-kills),
were subjected to logarithmic transformation based on the
equation: x = log(x’ + 1). The results with probability
P < 0.05 were treated as statistically significant. Statistical
analysis of the collected material was conducted with the
help of Statistica 5 and Excel software.
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Table 1. Characteristics of the studied roads in the farmland of Lower Silesia (SW Poland) in 2001-2003.
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Average 24 h Length Share Number Built-up Total number of Total area of Number of

traffic volume of roads (%) of sections  areas (m) ponds within ponds within Bufo bufo

(number of (m) 200 m of road 200 m of road road-kills

cars per 24 h) (ha)

10500 3750 7.7 1 1600 2 0.15 0
5700 8350 17.1 1 1750 4 0.45 14
2900 2050 4.2 1 2300 5 0.56 21
2100 5150 10.6 1 400 3 1.22 94
1900 2400 4.9 1 1900 8 1.12 126

470 2500 5.1 1 450 4 0.59 16

350 24600 50.4 9 4500 21 2.59 686

Total 48800 100 15 12900 47 6.68 957
Wroctaw

Average 24 h traffic

volume:
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Figure 1. The main locations of Bufo bufo mortality on the road network in the agricultural landscape of Lower Silesia (SW
Poland) in 2001-2003. Grey colour denotes built-up areas, dashed line — places where the number of road-kills was especially
high (digits indicate the total number of casualties on a given road section). Traffic volume = number of vehicles per 24
hours. Abundance of local populations of Bufo bufo is given for the water bodies (breeding sites) situated within 200 m of the

road.
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Results
Seasonal pattern of road-kills

During the whole study period a total of 957
road-killed individuals of Bufo bufo were found.
All recorded road-kills were adults (in at least
2nd calendar year). The earliest and latest dates
of findings were 12th of March and 6th of
November. A clearly visible peak of mortal-
ity occurred in April (fig. 2). In this month
in both compared years (2002 and 2003), re-
spectively 307 (2002) and 237 (2003) road-kills
were found. During the active period of the year,
the lowest mortality was noted in July (fig. 2).

The mortality level of Bufo bufo in 10 day pe-
riods of particular months of compared years
was close (fig. 2). There were no statistically
significant differences in the number of road-
kills between 30th of June and 8th November
of 2001 and 2002 (Wilcoxon test, Z = 1.92,
P = 0.054, n = 13). Also, the comparison
of mortality level between 12th of March and
20th August of 2002 and 2003 showed no sta-
tistically significant differences (Wilcoxon test,
Z =1.70, P = 0.09, n = 16, fig. 2).

Spatial distribution of road-kills

As many as 720 (75.2%) out of 957 road-kills
were recorded on road sections situated within
the built-up areas, that constituted barely 26%
of the total length of the road network. The rest
(n = 237, 24.8%) were found in the open coun-
tryside (x* = 1204.2,df = 1, P < 0.0001).
The proportion of toads killed within the built-
up areas was highest in spring and decreased
later in the season (x2 = 69.0,df =7, P <
0.0001). In the spring period (March-May), the
clear majority of road-kills died within the vil-
lages (657 road-kills in built-up areas vs 128
road-kills in open countryside; x> = 1359.1,
df = 1, P < 0.0001). In summer and au-
tumn (June-October) the share of animals killed
in the open countryside was increasingly promi-
nent (63 road-Kkills in built-up areas vs 108 road-
kills in open countryside; X2 =104,df =1,
P =0.01).
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During the whole study period, from 0 to 592
(median = 14, interquartile range = 22) road-
kills were recorded on 15 specified road sec-
tions (table 1). The highest mortality was noted
on a local village road in the southern part of
the study area, where 538 road-kills were found
(fig. 1). The very high mortality on this section
resulted from frequent concentrations of adults
on the asphalt road surface, where the pair for-
mation took place, hampering seriously their
further common journey to the water. Killed
adults in amplexus were often found on this
road.

Throughout the whole study period 73% of
all road-kills were found on roads with the
lowest traffic volume (table 2). The share of all
road-kills (n = 957) on four road types with
different traffic volumes, was not proportional
to their lengths (x> = 2822,df =3, P <
0.0001; table 2).

Factors affecting road mortality in local
populations of Bufo bufo

The level of losses of Bufo bufo on 15 road sec-
tions was most closely related to the abundance
of local populations and to the area of water
bodies situated in the road vicinity (table 3).
No statistically significant correlation between
the abundance of local populations or mortality
level and the traffic volume was found (table 3).

On the basis of local population abundance of
Bufo bufo breeding in the roadside water bod-
ies (n = 5500 individuals) and its yearly mor-
tality (n = 568 road-kills in 2002), the overall
losses can be estimated at ca. 10% of the popu-
lation. Similar calculations also indicate that
the local population losses on 15 road sections
(no breeding sites were detected in the vicinity
of three of them) ranged from 2 to 18% (median
= 6%, interquartile range = 8%). The highest
percentage (18%) of killed Bufo bufo was re-
corded on the previously described section of
local road with the highest amphibian mortality

(fig. 1).
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Figure 2. The mortality dynamic of Bufo bufo (n = 957) in 10 day periods of particular months of the year for 2002 and
2003 on roads (48.8 km) in the farmland of Lower Silesia (SW Poland). Data from 2001 (n = 55) are omitted.

Table 2. Comparison of number of Bufo bufo road-kills on roads with different traffic volumes in the farmland of Lower

Silesia in 2001-2003.

Average 24 h traffic volume

350-480 1900-2900 5700 10 500 All roads
Total number of road-kills in the 702 241 14 0 957
whole study
Mean number of road-kills per 100 m 2.59 2.51 0.17 0.00 1.96
of road in the whole study
Number of road-kills in 2002 390 169 9 0 568
Mean number of road-kills per 100 m 1.44 1.76 0.11 0.00 1.16
of road in 2002

Table 3. Pearson’s linear correlation coefficients between the average number of road-kills per 100 m of road and the number
of breeding individuals of Bufo bufo and the specified habitat variables on 15 road sections in the farmland of Lower Silesia

(SW Poland) in 2001-2003; ns, P > 0.05; ***, P < 0.001.

Variable Number of  Areaof ponds  Traffic ~ Number of ponds % of adjacent % of adjacent
breeding toads within 200 m  volume within 200 m  built-up areas  arable land
of the road of the road
Number of road-kills 0.9527+* 0.794*+* —0.219 ns 0.472 ns —0.180 ns 0.269 ns
Number of breeding toads - 0.801%** —0.346 ns 0.472 ns —0.242 ns 0.348 ns

Discussion

The results of this study have shown that on
roads of Lower Silesia the main factor affect-
ing road mortality of Bufo bufo is the abundance
of local breeding populations of this species.
There was no significant correlation between
the number of road-killed toads and traffic vol-
ume. This is a novel, unexpected result that dif-

fers from other studies which showed or pre-
dicted higher mortality with higher traffic den-
sity (e.g. Fahrig et al., 1995; Mazerolle, 2004;
Carr and Fahrig, 2001; and references herein).
The survey in Lower Silesia was conducted on
a large landcape scale, thus these results are dif-
ficult to compare with other studies conducted
on short road streches. However, it should be
emphasized that on a single, short road section,
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the relationship between mortality and tempo-
ral (daily) traffic volume will be positively cor-
related (Hels and Buchwald, 2001; Mazerolle,
2004), but the results of these studies cannot be
used to predict the spatial pattern of road mor-
tality of amphibians. It can be supposed that the
absence of the significant impact of traffic vol-
ume was caused by the long-lasting cumulative
effect (e.g. Cook and Sparks, 2004; Mazerolle,
2004) lethally affecting local populations occur-
ring along the busiest roads, which led to their
decimation or even total extinction (see also
Fahrig et al., 1995; Vos and Chardon, 1998; Carr
and Fahrig, 2001). It cannot be ruled out that
only the populations around the roads with low-
est traffic have managed to survive and the lack
of significant impact of traffic volume can be
seen rather as a historical artifact. According
to Cook and Sparks (2004), it seems that
fewer road-kills mean that the problem is get-
ting worse because the population is shrinking.
Bearing in mind, however, the close correlation
between traffic volume and amphibian mortal-
ity presented in models by Hels and Buchwald
(2001), it must be stressed that even a slight
increase of traffic can increase the number of
road-kills sharply, especially around roadside
water bodies with abundant amphibian popula-
tions.

In Lower Silesia the highest mortality of Bufo
bufo was recorded on roads with the lowest
(350-470 cars per 24 h) and moderate (1900-
2900 cars per 24 h) traffic volume (table 2).
The low mortality on the busiest roads within
the study area can be explained by their small
length, low abundance of amphibian popula-
tions and the lack of water bodies in their
vicinity. The number of road-killed Bufo bufo
in the farmland of Wroctaw Plain was posi-
tively correlated with the abundance of the local
population and the overall area of water bod-
ies (ponds). In the case of traffic volume and
the number of ponds, the correlations were not
significant. The lack of significance of the vari-
able ‘number of ponds’ could result from the of-
ten very small populations of Bufo bufo in some
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of them (sometimes even below 20 individuals),
which meant that it was not the number but the
area of the ponds that was decisive.

The very high mortality of adults in the initial
period of the breeding season (see Fig. 2), sug-
gests that these individuals died before breed-
ing. The lack of records of young road-killed
Bufo bufo (in late summer/autumn the road sec-
tions near ponds were also checked on foot)
proves that adult toads are much more likely to
be eliminated from the population. The elimi-
nation of adults before they managed to breed
affects undoubtedly the abundance and may in-
duce some changes in the demographic struc-
ture of the population, leading potentially to its
gradual disappearance (e.g. Heusser, 1968; Hels
and Nachman, 2002). According to Schmidt et
al. (2002) most Bufo bufo females breed only
once in a lifetime and the mean annual sur-
vival rate in this species amounts to ca. 35%. It
seems therefore that the only practical implica-
tion from the above analysis, aiming at the con-
servation of toad populations, is securing of the
safe migration of adults to the water bodies in
spring or construction of the mitigation ponds at
new safe sites away from the road. The negative
correlation between traffic density and number
of road-kills suggests that conservation action
should not be necessarily on roads with high
traffic volume. The results of this study also in-
dicate the need for further studies devoted to de-
termining the relationships between large-scale
habitat features (e.g. roads configuration, traf-
fic volume), abundance of populations and road
mortality of amphibians.

Roads might also be considered as an ecolog-
ical trap (e.g. Schlaepfer et al., 2002). In the
study area the pair formation of Bufo bufo
took place near roads or even on their sur-
faces, before reaching the breeding sites. Pairs
of adults in amplexus were seen moving very
slowly across the roads and often freezing. The
probability of a single Common Toad getting
killed while crossing the road at the above speed
amounted to ca. 100% at the traffic volume of
around 4000 vehicles per 24 h (Hels and Buch-
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wald 2001). According to Kuhn (1987) even at
the very low traffic volume — 4 vehicles per hour
—around 10% of the population die, while at 60
vehicles per hour this value goes up to 75%. The
level of mortality depends also on the position
of the migration route against the road and the
time of day (Hels and Buchwald, 2001). Some
toads were also seen using roads and roadsides
as migration routes, especially within villages,
where these were often the only undeveloped
spaces.

Bearing in mind the increasing rate of vehicle
traffic and the continuing expansion of the road
network in Europe, a dramatic decline of many
herpetofauna species can be anticipated (Carrier
and Beebee, 2003; Cook and Sparks, 2004). The
identification of threats and monitoring of abun-
dance and road mortality of common amphibian
species should become essential research activ-
ities aimed at the conservation of these animals
in Europe.
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