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Human induced changes to the environment can 
have a big impact on life histories of animals. One 

example is road mortality, since it can be a large source of 
mortality which can negatively impact population survival 
(Sillero, 2008; Fahrig & Rytwinski, 2009). Several studies 
found that the mortality rate of amphibians is highest 
compared to other vertebrates (Glista et al., 2008; Gryz 
& Krauze, 2008; DeWoody et al., 2010; Attademo et al., 
2011; Garriga et al., 2012; Arévalo et al., 2017). Factors 
determining where and when most amphibian roadkill 

occurs and possible mitigation measures are therefore 
widely studied. 

Most studies on amphibian roadkill focus on car 
roads and found complex interactions with adjacent 
habitats, species composition and more (e.g. Matos et 
al., 2012; Meek, 2012; Heigl et al., 2017). Higher traffic 
intensity does not necessarily increase absolute roadkill 
numbers (Mazerolle, 2004; Orłowski et al., 2008), but it 
does increase the probability that crossing amphibians 
will get killed (Fahrig et al., 1995; Hels & Buchwald, 
2001; Meek, 2012; Eberhardt et al., 2013; Zimmermann 
Teixeira et al., 2017). This is because on busy roads many 
amphibians are killed over time; this leads to a reduction 
in amphibian populations, which in turn results in lower 
roadkill numbers (D’Amico et al., 2015). The probability 
that an amphibian crossing a busy road will get killed, 
however, remains high (Fahrig et al., 1995; Eberhardt et 
al., 2013; Zimmermann Teixeira et al., 2017).

Two studies looked into amphibian mortality on 
bicycle paths. Allain & Smith (2016) and Heigl et al. (2017) 
found 17 killed smooth newts Lissotriton vulgaris and 
one green toad Bufo viridis, respectively, on (sub)urban 
bicycle paths. To our knowledge, amphibian roadkill has 
never been studied on bicycle paths in nature reserves, 
although amphibian mortality on car roads is highest 
on roads through protected areas, probably because of 
high local amphibian abundance (Garriga et al., 2012). 
Besides that, both aforementioned studies monitored 
roadkill less than once a week, which could lead to 
inaccurate conclusions, because amphibian roadkill 
disappears from the road quickly (Santos et al., 2011; 
2015). Lastly, neither study corrected for local amphibian 
abundance, although several studies on car roads find 
that this affects mortality (Fahrig et al., 1995; Eberhardt 
et al., 2013; Zimmermann Teixeira et al., 2017).

Biking in nature is popular, resulting in the replacement 
of small semi-paved bicycle paths by wide concrete or 
asphalt paths. In 2019 there were 3,617 kilometres of 
concrete or asphalt bicycle path in Dutch nature areas 
(Weder, P., Fietsersbond, personal communication, 
13 May 2022). These new paths probably attract more 
cyclists and allow for higher speeds because they are 
wide and smooth, which may increase the probability 
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Road mortality can have a significant negative impact on 
amphibian population survival. Amphibian roadkill and how 
to avoid it are therefore widely studied, mostly on car roads 
but limitedly on bicycle paths. We investigated whether 
amphibian mortality on bicycle paths in Bargerveen, a 
Dutch Natura 2000 site, was affected by the number of 
passing cyclists and crossing amphibians. We investigated 
four transects on a daily basis during most of the amphibian 
spring migration in 2021. We counted and identified (to 
species level) all killed amphibians; further, we used cyclist 
counters and toad fences to assess the number of passing 
bicycles and crossing amphibians, respectively. We found 
11 killed smooth newts Lissotriton vulgaris, out of 5,037 
that crossed the bicycle paths. Although 11,453 anurans 
crossed, we found no killed anurans. The occurrence of 
killed smooth newts was not affected by the number of 
passing bicycles or crossing newts. The probability of being 
killed was extremely low for crossing smooth newts (0.22 
%) and anurans (0 %), possibly because cyclists successfully 
avoid cycling over amphibians. Future monitoring should 
occur from early February to late November to include the 
complete active period of amphibians including juvenile 
dispersal, and across multiple successive years because 
amphibian numbers can vary largely between years. During 
our study period, however, amphibian mortality on bicycle 
paths in Bargerveen seems no threat to populations, 
despite the high numbers of cyclists. 
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Supplementary Figure 1 shows the location of the 
toad fences, the study transects on which we counted 
amphibian roadkill and the roadkill that we found. 

In total we counted 11 killed amphibians, all smooth 
newts (mean per day per transect ± SD = 0.034 ± 0.20). 
A total of 250 smooth newts (mean per day per transect 
± SD = 0.66 ± 1.85) and 562 anurans (mean per day 
per transect ± SD = 1.49 ± 4.46) were caught in the 
toad fences. We estimated total crossings on the study 
transects based on the counted crossings at the toad 
fences. We estimated that 5,037 smooth newts (mean 
per day per transect ± SD = 15.5 ± 42.0) and 11,453 
anurans (mean per day per transect ± SD = 35.3 ± 102.0) 
crossed the transects. Table 1 gives an overview of the 
numbers of killed and crossed amphibians. The cyclist 
counters counted 30,843 bicycles (mean per day per 
transect ± SD = 123.9 ± 146.2) and 13,149 other vehicles 
(mean per day per transect ± SD = 52.8 ± 46.2), such as 
electric scooters and people on rollerblades.

We analysed, on a daily basis, the relationships 
between the number of passing bicycles and crossing 
smooth newts, and the presence of roadkill. We used 
roadkill presence instead of roadkill number, because 
roadkill number was mostly zero or one. We performed 
tests with the total number of passing vehicles and with 
cyclists only, and since the tests yield similar results, 
we only present results on cyclists. First, we used a 
generalised linear model using a Poisson distribution, as 
we analysed count data, to test if the numbers of passing 
bicycles and crossing smooth newts were correlated. 
These were positively correlated (Fig. 1a). Since there 
were many days without crossing newts, we tested the 
correlation excluding these days and the correlation 
holds (estimate = 0.0021, N = 64, p < 0.001). Second, 
we used a generalised linear model using a binomial 
distribution to test the effect of the number of passing 
bicycles on roadkill presence, but found no effect (Fig. 
1b). Third, we tested the effect of the number of crossing 
smooth newts on roadkill presence with a generalised 
linear model using a binomial distribution. We removed 
an outlier with 441 crossings and one roadkill, which was 
just after a sudden rise in temperature leading to massive 
amphibian migration. We again found no effect (Fig. 1c).

Analyses and visualisation were performed in R (R 
Core Team, 2019), using the packages readxl (Wickham 
& Bryan, 2019), reshape2 (Wickham, 2007), ggplot2 
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Table 1. Total number of amphibian roadkill, total number 
of amphibians caught in the toad fences and estimation of 
the total number of amphibians that crossed on all study 
transects, between 26 February and 30 May 2021.

Number 
of roadkill

Number of 
caught 

amphibians

Estimation of 
number of 
 crossing 

amphibians 
Smooth newts 11 250 5,037

Anurans 0 562 11,453

of amphibian roadkill. This emphasises the need for 
more research on amphibian roadkill on bicycle paths 
in nature areas.

We investigated amphibian roadkill on bicycle 
paths in the raised bog Natura 2000 site Bargerveen, 
the Netherlands (52.678267, 7.023264). In this area, 
all semi-paved bicycle paths have been replaced by 
concrete paths between 2017 and 2019. Our research 
aims were to investigate: 
i)	 how many amphibians are killed on bicycle paths in 

this nature area, 
ii)	 what percentage of path-crossing amphibians are 

killed, and 
iii) whether traffic intensity and the number of crossing 

amphibians explain roadkill occurrence.
We defined four study transects, with a total length 
of 5,093 metres. On 25 February 2021 we removed all 
roadkill from our transects, except from the transect 
where we started counting later. In the period 26 
February to 30 May 2021, which covers most of the 
amphibian spring migration, we collected the following 
data:
i)	 We counted amphibian roadkill at the end of each 

day (somewhere between 1600 hours and 30 
minutes before sunset) because we expected most 
roadkill to occur during day time when most cyclists 
pass. We counted roadkill by walking the transects, 
because walking results in the most accurate 
monitoring (Puky, 2005). We noted the species and 
exact location for all amphibian roadkill and then 
removed them from the bicycle path. We counted 
daily on transects 1–3 (except, by force majeure, 
on transects 1 and 2 on 18 March and on transect 
3 on 8 March, 10 March and 10 May). On transect 
4 we counted on average twice per week during 
the period 24 March to 23 April and daily during 24 
April to 30 May (except 13 May). On this transect 
we found no roadkill on the set-up day (24 March), 
when we would have removed all present roadkill, 
so this day is included in our analysis.

ii)	 On each transect we placed two 25-metre-long toad 
fences, both on opposite sides of the bicycle path, 
parallel to, but not opposite of each other. We left a 
gap of 5 metres between the fences to minimise the 
effect of one toad fence on the other and to prevent 
a small area of increased amphibian crossings, 
possibly leading to deviating mortality patterns. On 
both sides of every fence three buckets were dug in 
the ground, one on each end and one in the middle, 
to trap passing amphibians (Supplementary Fig. 2). 
Every morning we counted all caught amphibians 
and then released them on the side of the bicycle 
path they were headed to. 

iii)	 We used VT300 cyclist counters to collect data on 
traffic intensity. Two transects were adjacently on 
the same path, so data from one counter was used 
for both transects. The counter on one transect was 
malfunctioning, so we have traffic data for three 
transects. Vehicles were counted between 4 March 
and 30 May 2021.
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of passing cyclists and crossing amphibians, could be 
explained by several factors. First, cyclists pass mostly 
during the day and amphibians migrate mostly during 
the night (Hels & Buchwald, 2001; Zhang et al., 2018; 
RAVON, n.d.c). However, a substantial part of smooth 
newts migrates diurnally (Jarvis et al., 2019; RAVON, 
n.d.c) so this is only a partial explanation. Second, 
amphibians migrate mostly during rainy periods (Meek, 
2012; RAVON, n.d.a) which is not favourable weather 
for cyclists. The positive correlation between crossing 
smooth newts and passing cyclists (Fig. 1a), however, 
indicates that newts and cyclists are active on the same 
days, so this explanation can only be true if they are 
active at different hours of the day. Third, amphibians 
could possibly not cross bicycle paths when it is busy with 
cyclists. Fourth, cyclists could successfully avoid cycling 
over amphibians. Maybe, the chance for an individual 
cyclist to avoid an amphibian successfully increases with 
the number of cyclists present, because many cyclists 
could see an amphibian earlier. These group effects 
could possibly explain our lack of correlation between 
cyclists’ traffic intensity and roadkill presence. Cyclists 
avoiding amphibians can also explain the absence of a 
positive correlation between crossing newts and roadkill 
presence (Fig. 1c) because cyclists possibly pay more 
attention to avoiding amphibians when many amphibians 
are crossing. For drivers of motorised vehicles it is harder 
to avoid amphibians, as shown in multiple studies 
(Fahrig et al., 1995; Meek, 2012; Eberhardt et al., 2013; 
Zimmermann Teixeira et al., 2017). Cyclists are probably 
able to avoid amphibians due to their lower speed. The 
light colour of the concrete bicycle paths in our study 
area might also help, since it makes amphibians on the 
path more visible.

(Wickham, 2016), plyr (Wickham, 2011) and ggpubr 
(Kassambara, 2020). 

During our study period, the probability that a 
crossing amphibian got killed was extremely low (0.22 
% for smooth newts and 0 % for anurans).  This was 
despite substantial cyclist numbers passing on the same 
days that amphibians were migrating in large numbers, 
which appeared from the positive correlation between 
passing bicycles and crossing newts (Fig. 1a). The 
roadkill probabilities may have been underestimated, 
because roadkill is often eaten by scavengers. These 
probabilities may also have been overestimated, since 
some amphibians may have escaped from, or may have 
been predated from our buckets, and higher numbers of 
caught amphibians result in lower roadkill probabilities.
Gibbs & Shriver (2005) stated that annual roadkill 
probabilities of 10 % or lower result in stable populations 
for adult spotted salamanders Ambystoma maculatum. 
Although we studied other amphibian species and 
despite uncertainty around our roadkill probabilities, 
mortality on bicycle paths in the Bargerveen area seems 
no threat to amphibian populations during our study 
period.

However, we did not monitor during the complete 
active period of amphibians, so it is unknown if roadkill 
on bicycle paths is a threat to populations outside our 
study period. For example, on 25 February, the day 
before monitoring started, we removed 29 smooth 
newt mortalities. More than 50 % of amphibian roadkill 
disappears from the road within 24 hours (Santos et al., 
2011), so the number of newts that were killed before 
monitoring started was probably much higher than 29. 

The roadkill probability being extremely low, and 
roadkill presence being independent of the number 
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Figure 1. (a) The number of passing bicycles as a function of the number of crossing smooth newts (estimate = 0.0051, 
N = 244, p < 0.001); (b) The effect of the number of passing bicycles on roadkill presence (estimate = -0.0042, N = 244, 
p = 0.57); (c) The effect of the number of crossing smooth newts on roadkill presence (estimate = -0.0089, N = 323, p = 
0.56). Above the boxplots sample sizes are given.
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As all roadkill were smooth newts, while 69 % of 
crossing amphibians were anurans, it could be that newts 
are more likely to be killed while crossing a bicycle path 
than anurans. Several reasons could explain this. First, 
newts are flatter and thinner than anurans, which makes 
them less conspicuous on bicycle paths; however, newts 
have similar body length (the length that could be struck) 
as anuran species common in our study area (up to 11 
cm for smooth newt, common frog Rana temporaria and 
common toad Bufo bufo and 8 cm for moor frog Rana 
arvalis (RAVON, n.d.b)) (Allain & Smith, 2016). The least 
visible species having the highest mortality probability 
advocates that cyclists successfully avoid killing 
amphibians. Second, newts move slower than anurans, so 
they take longer to cross bicycle paths (Hels & Buchwald, 
2001). Third, smooth newts migrate earliest in the year, 
as shown by our toad fence catches and the literature 
(RAVON, n.d.a), implying that newts migrate when it is 
dark early in the evening. Since migration generally starts 
from dusk (Puky, 2005), the overlap between migration 
and passing cyclists is probably higher for smooth newts 
than for anurans.

Even though our study has clear results, long term 
research is necessary to make hard conclusions. Future 
monitoring should occur from early February to late 
November, including the complete active period of 
all amphibian species (RAVON, n.d.a). It is specifically 
important to include the period when juvenile amphibians 
migrate, June–October (RAVON, n.d.a), because juvenile 
survival is in many cases the driving factor for population 
stability (Petrovan & Schmidt, 2019) and because 
juveniles may be more likely to become roadkill, as 
they are less visible and migrate more diurnally, when 
most cyclists pass (Vos & Chardon, 1994; Petrovan & 
Schmidt, 2019). Furthermore, amphibian numbers show 
large natural variation between years. Thus, monitoring 
should occur for at least 3 years in a row to draw solid 
conclusions on roadkill (Puky, 2005). Moreover, it may 
be interesting to analyse the effects of speed and group 
size of passing cyclists on amphibian mortality, as well as 
the time of the day in which cyclists pass.

We found that mortality probabilities for amphibians 
on bicycle paths were very low, despite substantial 
cyclists’ traffic intensity, indicating that road mortality is, 
in our study period, no threat to amphibian populations.
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