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Abstract
1. Wildlife– vehicle collisions (WVCs) cause millions of vertebrate mortalities glob-

ally, threatening population viability and influencing wildlife behaviour and sur-
vival. Traffic volume and speed can influence wildlife mortality on roads, but 
roadkill risk is species specific and depends on ecological traits.

2. The COVID- 19 pandemic, and associated UK- wide lockdowns, offered a unique 
opportunity to investigate how reducing traffic volume alters WVC. These peri-
ods of reduced human mobility have been coined the ‘anthropause’.

3. We used the anthropause to identify which ecological traits may render species 
vulnerable to WVC. We did this by comparing the relative change in WVC of spe-
cies with differing traits before and during the anthropause.

4. We used Generalised Additive Model predictions to assess which of the 19 spe-
cies most frequently observed as WVC in the UK exhibited changes in road 
mortality during two lockdown periods, March– May 2020 and December 2020– 
March 2021, relative to the same time periods in previous years (2014– 2019). 
Compositional data analysis was used to identify ecological traits associated with 
changes in the relative number of observations during lockdown periods com-
pared to previous years.

5. WVC were, across all species, 80% lower during the anthropause than predicted. 
Compositional data analysis revealed proportionally fewer reports of noctur-
nal mammals, urban visitors, mammals with greater brain mass and birds with a 
longer flight initiation distance. Species that have several of these traits, and cor-
respondingly significantly lower than predicted WVC during lockdowns, included 
badgers Meles meles, foxes Vulpes vulpes, and pheasants, Phasianus colchicus; we 
posit they stand to benefit most from reduced traffic, and, of the species studied 
here, have highest mortality under ‘normal’ traffic levels.

6. This study identifies traits and species that may have experienced a temporary 
reprieve during the anthropause, and highlights the impacts of traffic- induced 
mortality on species numbers and ultimately on trait frequency in a road- 
dominated landscape. By taking advantage of reductions in traffic offered by the 
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1  |  INTRODUC TION

Many millions of vertebrates are estimated to be killed by vehicles 
each year in any given country, and globally, the toll could be an 
order of magnitude higher (Grilo et al., 2020; Schwartz et al., 2020). 
Typically, the greater the traffic volume, the higher the mortality; 
a review of 645 studies revealed that traffic volume and speed are 
predominantly positively correlated with the number of wildlife– 
vehicle collisions (WVCs; Pagany, 2020). The risk to all species is 
not equal, however (Raymond et al., 2021; Sadleir & Linklater, 2016), 
suggesting ecological traits may underlie species- specific patterns 
of mortality risk. Removing or reducing traffic on roads could there-
fore not only offer wildlife a reprieve from WVC, but also provide 
an opportunity to empirically test which traits and/or species are 
most and least susceptible to road- associated mortality. During 
the COVID- 19 pandemic in 2020– 2021, human movement was sig-
nificantly reduced during a series of ‘lockdowns’, involving ‘stay at 
home’ orders (Brooks- Pollock et al., 2021; Hale et al., 2021; Lillie 
et al., 2020). Indeed, at the height of restrictions, an estimated 4.4 
billion people globally were impacted (Bates et al., 2021). The re-
duction in human activity, especially with respect to transport (Du 
et al., 2021; Havaei- Ahary, 2021; Yasin et al., 2021), was so profound 
that a global ‘quietening’ was detected (Lecocq et al., 2020); a time 
period referred to as the ‘anthropause’ (Rutz et al., 2020). Such a 
reduction in traffic offers the equivalent of a unique perturbation 
experiment to allow us to assess road mortality risk according to 
species traits (Perkins et al., 2022).

1.1  |  What determines WVC risk?

Some mortality patterns are ultimately driven by abiotic factors; 
for example, levels of anthropogenic development and activity, 
including urbanisation, can influence roadkill risk, with some spe-
cies (e.g. rabbits and birds) experiencing greater mortality in urban 
environments than rural areas (Rendall et al., 2021). Considerable 
previous work has evaluated both species- specific and trait- based 
risk in WVC (see, e.g. Cook & Blumstein, 2013; González- Suárez 
et al., 2018), albeit in observational studies rather than via perturba-
tion. WVC risk has been found to depend on both morphological 
characteristics and behavioural traits, ranging from taxonomic order 
and brain mass to diel activity (i.e. nocturnal, crepuscular and diurnal; 
Møller & Erritzøe, 2017; Steiner et al., 2014), and feeding behaviours 
(i.e. predators, prey and scavengers; Cook & Blumstein, 2013; Silva 
et al., 2019). There is a degree of collinearity in these traits, such 

that species with larger body mass generally also have larger home 
ranges, and both traits result in a greater risk of WVC than their 
smaller counterparts (Green- Barber & Old, 2019; Grilo et al., 2020). 
Similarly, escape responses such as flight initiation distance (FID) 
are influenced by morphological attributes such as animal speed, 
mobility and cognition, and are linked to anthropogenic activ-
ity and infrastructure, with, for instance, individual birds adapting 
their FID to local traffic speeds (DeVault et al., 2014; Legagneux & 
Ducatez, 2013).

1.2  |  Effects of the anthropause on WVC

Anthropause- mediated reductions in WVC reports have previously 
been observed (Bates et al., 2021), but have focused on numerical 
changes in species. A reduction of between 21% and 44% in large 
mammal WVC was recorded in four US states with a 58% reduction 
for some species (Nguyen et al., 2020; Shilling et al., 2021), and a 
19% and 48% reduction in roadkill was reported in South Korea and 
Australia, respectively (Bates et al., 2021; Driessen, 2021). Similarly, 
Bíl et al. (2021) found that 7 out of 11 European countries studied 
had significantly lower WVC than predicted, exhibiting a reduction 
of up to 40%. Road mortality was halved for some species, for ex-
ample, the white- breasted hedgehog Erinaceus roumanicus (Łopucki 
et al., 2021). Despite a drop in WVC coinciding with the greatest 
COVID- 19 mobility restrictions, one study found a gradual increase 
in WVC reports after lockdowns had ceased, eventually exceeding 
WVC in the previous year (Abraham & Mumma, 2021). Importantly, 
absolute numbers of WVC reports should be interpreted with cau-
tion if data are dependent on reporter effort, a likely outcome in the 
anthropause due to the reduced ability of many reporters to travel 
(August et al., 2020). Indeed, reduced reporter effort has been cited 
as one reason for decreases in WVC (Dörler & Heigl, 2021).

Here, we used the dramatic reductions in traffic volume asso-
ciated with the anthropause in the UK to assess species- level pre-
dictions of WVCs, according to their traits. We analysed WVC of 
19 species reported across the UK to a citizen science project from 
2014 to 2021 (Shilling et al., 2020), and compared the relative pro-
portion of WVC during two periods of COVID- 19 movement restric-
tions (anthropause) to previous years where no such restrictions 
occurred. Our objectives were to determine which species traits 
are most vulnerable to WVC by quantifying trait- specific changes 
in WVC probability during the anthropause. We hypothesised that 
the anthropause would result in lower WVC due to reduced traf-
fic and that the relative prevalence of species with traits previously 

anthropause, we can understand how vehicles influence wildlife survival and be-
haviour and may be exerting a selective force for certain species and traits.

K E Y W O R D S
anthropause, citizen science, compositional data analysis, roadkill, wildlife– vehicle collisions
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identified as important WVC risk factors (taxonomic, morphologi-
cal and behavioural traits, discussed above in ‘1.1 What determines 
WVC risk?’) would be reduced in COVID- 19 lockdown periods.

2  |  MATERIAL S AND METHODS

2.1  |  Data collection

WVC data were collated from an ongoing nationwide citizen sci-
ence project based in the UK running from 2013 (https://www.thero 
adlab.co.uk/ with data available open access at National Biodiversity 
Network: https://regis try.nbnat las.org/publi c/show/dp205). The 
data consist of reports submitted ad hoc by members of the public 
via an app or social media and include the date, location and species. 
Any species can be reported at any time of year and at any location 
across the UK. Data submitted without a location and duplicate re-
ports (same species, location and date) are excluded. Due to a lack of 
data available for Northern Ireland, only WVC reports for England, 
Scotland and Wales were included in this study, totalling an initial 
dataset of 41,844 individual WVC reports.

All species with an average of 50 or more annual reports since 
2014 were included in the analyses. This included 19 species, of 
which 11 were mammals (European badger Meles meles, roe deer 
Capreolus capreolus, Reeves' muntjac deer Muntiacus reevesi, red fox 
Vulpes vulpes, European hare Lepus europaeus, European hedgehog 
Erinaceus europaeus, Eurasian otter Lutra lutra, European polecat 
Mustela putorius, European rabbit Oryctolagus cuniculus, brown rat 
Rattus norvegicus and grey squirrel Sciurus carolinensis) and eight 
were birds (European blackbird Turdus merula, common buzzard 
Buteo buteo, herring gull Larus argentatus, Eurasian magpie Pica 
pica, barn owl Tyto alba, ring- necked pheasant Phasianus colchicus, 
feral pigeon Columba livia domestica and the common woodpigeon 
Columba palumbus).

We collected trait- based data for each species, focusing on eco-
logical traits previously identified as important in determining WVC 
risk (e.g. González- Suárez et al., 2018; Grilo et al., 2020), and used 
existing literature to obtain values or classifications for each species 
(Supporting Information A: Table 1). Traits included taxonomic order, 
time of activity, predator– prey distinction, scavenging behaviour 
and quantitative traits such as FID, body and brain mass, and home 
range size (see Supporting Information A for a full list of traits, classi-
fication and sources of the data used). We also classified species into 
‘urban dweller’ or ‘urban visitor’, defined as species that have been 
recorded residing either permanently (urban dwellers) or occasion-
ally (urban visitors) in urban ecosystems (Santini et al., 2019).

This study did not require ethical approval.

2.2  |  Impact of the anthropause on WVC

To mitigate disease spread at the start of the COVID- 19 pandemic, 
there were two major UK- wide lockdowns, during which movement 

restrictions were coincident across England, Wales and Scotland: 
23rd March- 31st May 2020 (hereafter ‘lockdown 1’) and 20th 
December– 20th March 2021 (hereafter ‘lockdown 2’; Cameron- 
Blake et al., 2021; Hale et al., 2021; IfG, 2021). These lockdowns 
corresponded to periods of reduced human movement, as evidenced 
by fewer driving direction requests via Apple COVID- 19 Mobility 
data, which represent daily counts of the number of requests to 
Apple Maps for directions (Figure 1, https://covid 19.apple.com/
mobility). The data reflect a change in the volume of people driv-
ing from 1 day or week to the next, and, in this instance, enable a 
comparison to pre- lockdown levels and represent a proxy for traffic 
volume in the UK during the COVID- 19 pandemic (Jing et al., 2021; 
Kurita et al., 2021; Nouvellet et al., 2021). During lockdowns 1 and 
2, there were 53.3% and 29.1% fewer requests for driving directions 
per week, compared to the baseline pre- pandemic week (Figure 1). 
Similarly, according to the Department for Transport (Havaei- Ahary 
& Heyworth, 2022), there was on average a 44% reduction in motor 
vehicle traffic on UK roads between March and May 2020 (overlap-
ping with Lockdown 1) compared to the same months in 2019, and 
an average of 28% decline in traffic from December 2020 to March 
2021 (overlapping with Lockdown 2) compared to 2019. We refer to 
these two lockdown periods collectively as the anthropause.

2.3  |  Statistical analysis

All statistical analyses were carried out in R version 4.1.1 (R Core 
Team, 2021).

2.3.1  |  Observed versus expected WVC

Generalised additive models (GAMs) were used to identify temporal 
patterns in the WVC data for each species, and to then predict the 
expected ‘typical’ weekly reports of WVC during the anthropause. 
Weekly total WVCs were collated for each of the 19 species from 
2014 to 2019 and were analysed with a separate GAM, with the 
weekly counts of WVC as the dependent variable. A Poisson error 
family was used with the most suitable link function (log, identity or 
square root), based on which produced the lowest Akaike informa-
tion criterion value (Marra & Wood, 2011). Where high dispersion 
resulted in poor model fit, identified by an overdispersion statistic 
value >2, a negative binomial family with log- link function was used. 
Week (1– 52) and year (2014– 2019) were treated as numerical inde-
pendent variables, modelled using a cyclic cubic smoothing spline, 
using the mgcv package (Wood, 2011). K values of −1 and 6 were 
assigned to week and year, respectively, with ‘fx’ set to false to allow 
for penalisation of the smooth terms. The predict function was then 
used (with type=’link’) to predict future values based on the average 
seasonality experienced during 2014– 2019, and asymmetric 95% 
confidence intervals were computed for these predictions.

To statistically test for a difference between the predicted and 
observed WVC during the two lockdowns, a rate ratio (RR) was 
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calculated (the observed number of WVC divided by the predicted 
number) and the RR test employed from the package ‘rateratio.
test’ (Fay, 2022). The RR test determines whether there are equal 
rates (RR = 1), more (RR > 1.0) or less (RR < 1.0) WVC observed than 
predicted, with the associated p- value indicating whether this rela-
tionship is significant or not. For model details and outputs for each 
species, see Supporting Information B.

2.3.2  |  Spatial reporter bias during lockdowns

Reduced human mobility during lockdowns might cause spatial bias 
in WVC, for example, if reports were confined to certain areas, so 
favouring the recording of species whose distribution might coincide 
with that spatial shift. To ensure equivalent spatial coverage in and 
out of lockdowns, we spatially subsampled the pre- lockdown points 
to reflect the spatial extent of WVC during the anthropause. We 
used a kernel density estimation (KDE) approach and the getverti-
ceshr function in package adehabitathR (Calenge, 2006), to extract 
the 80% and 95% bivariate normal kernels around WVC reports 
from during lockdowns 1 and 2, respectively (Figure 1 in Supporting 
Information C). The pre- lockdown WVC reports (from 2014 to 2019) 
were overlayed on the lockdown WVC reports and only data that 

fell within the respective KDEs were used in compositional data 
analysis (Figure 2 in Supporting Information C). We took the more 
conservative approach and used the 80% KDE (results reported in 
the main text). After extracting the WVC data that fell within the 
dates of interest (i.e. periods coinciding with lockdowns or their re-
spective dates in previous years), and within the 80% KDE, the final 
dataset for our data analysis comprised of 15,421 data points, sub-
mitted by 1302 individual reporters. For comparison, the 95% KDE 
selection and compositional data analysis are presented in Figure 3 
in Supporting Information C.

2.3.3  |  Compositional data analysis

With fewer drivers present on the roads during the anthropause, it 
was inevitable that fewer WVC reports would be received (Dörler 
& Heigl, 2021), and bias is also inherent in citizen science data. 
For these reasons, we use compositional data analysis because it 
uses the relative proportion of species reported, as opposed to 
raw count data, and allows us to model the effects of these biases 
on our estimations (Supporting Information D). The WVC data 
are collated from a citizen science project, where individual data 
points are reported ad hoc so observer bias (preferential reporting 

F I G U R E  1  Percentage change in the number of direction requests during the United Kingdom's anthropause: The mean percentage 
change (with 95% confidence intervals) in the number of driving direction requests per week compared to a baseline week pre- COVID- 19 
emergence (the week commencing 13th January 2020) when mobility was less restricted. Both UK- wide lockdowns are demarcated and 
together represent what we refer to here as the UK's anthropause. Data taken from Apple Maps COVID- 19 Mobility Trends Reports https://
covid 19.apple.com/mobility.
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of certain species) and identification bias (misidentification of spe-
cies) may occur. We find that observer bias and multiple reports 
do not affect estimation, that is our compositional model is ro-
bust to these biases, but identification bias does effect estimation 
(Supporting Information D), and we address this in discussing our 
results.

For the purposes of comparing the relative abundance of WVC of 
different species during the two lockdown periods in 2020– 2021 to 
equivalent times of year in previous years, we estimated the relative 
abundance of each species in WVC in each combination of lockdown 
status and time period. We then represented the effects of lockdown 
status, time period and their interaction on these relative abun-
dances in coordinates associated with meaningful ecological traits of 
the organisms involved. In summary, we used a latent compositional 
data analysis approach with a multinomial observation model. This 
allowed us to determine the relative change in the frequency of WVC 
in and out of the anthropause. Relative abundances are an example 
of compositional data, which have special properties that invalidate 
most standard statistical approaches (Aitchison, 1982). Pairwise 
correlations are difficult to interpret because their values depend 
on which other variables are included. At least one pair of variables 
must be negatively correlated, and compositional data cannot follow 
a multivariate normal distribution because the values are bounded 
between 0 and 1 (van den Boogaart & Tolosana- Delgado, 2013). 
Although appropriate statistical methods for compositional data 
have existed for several decades (Aitchison, 1982), and are widely 
used in studies of habitat use (Aebischer et al., 1993) and microbi-
ota (Grantham et al., 2017), these methods have been underused 
in community ecology despite their obvious applicability to relative 
abundance data (Billheimer et al., 2001).

We treat the true relative abundances in WVC data as compo-
sitions and assume that the numbers reported for each species in a 
given combination of time of year and lockdown status are drawn 
from multinomial distributions parametrised by these compositions, 
conditional on the total number of individuals reported. As in Chong 
and Spencer (2018), some species in our study had zero counts re-
corded in some combinations of lockdown and time of year. The 
maximum likelihood estimate of the relative abundance would be 
zero for such species, but this is an unrealistic treatment of sam-
pling zeros and makes compositional data analysis difficult. Bayesian 
estimation can solve this problem (Billheimer et al., 2001; Chong & 
Spencer, 2018), but we used the simplest possible Laplace pseudo-
count approach (also known as additive smoothing), in which we 
added 1 to each count (Aitchison, 1982; Manning & Schütze, 1999, 
pp. 197– 205; Silverman et al., 2017).

We used loglinear models (Agresti, 2012) to determine whether 
differences in the relative rate of WVC occurred due to the anthro-
pause ‘lockdown’, the ‘time of year’ and lastly whether interaction 
effects (differences in relative rate of WVC between lockdowns) 
occurred. The effect of ‘lockdown’ refers to comparing the relative 
rate of WVC in versus out of lockdown (i.e. during or before the an-
thropause), while controlling for the time of year. The ‘time of year’ 
is effectively seasonality and refers to dates that coincided with 

lockdowns (March– May or December– March), while controlling for 
all years, that is in and out of lockdown combined. The interaction 
combines these two variables and looks at whether there was a dif-
ference in the relative rate of WVC between lockdowns 1 and 2. We 
initially fitted the most complicated model, with a separate vector of 
relative abundances for each combination of time of year and lock-
down status (equivalent to a three- way interaction between species, 
time of year and lockdown status in the loglinear model formula-
tion), and the next simplest model (with all two- way interactions but 
no three- way interaction). A three- way interaction in a log- linear 
model is really a two- way interaction in a model that distinguishes 
one variable as a response (Agresti, 2012, Section 8.5.3) so that we 
are determining whether the effect of lockdown status on relative 
abundances depends on time of year. We compared these models 
using a likelihood ratio test. We decomposed the estimated differ-
ences in relative abundances into time of year, lockdown status and 
interaction effects, using a compositional approach analogous to 
two- way ANOVA with interaction. Each of these effects is itself a 
composition. We then explored the ecological traits associated with 
these effects. We outline our approach below and give full details in 
Supporting Information D.

Following log- linear modelling, a compositional approach was 
adopted to examine which ecological traits may play a role in any 
changes in relative abundance in either of the lockdown periods. 
A central principle of compositional data analysis is that compo-
sitions can be mapped to log ratio coordinate systems, in which 
each coordinate represents a log contrast (a weighted sum of log 
relative abundances, for which the weights sum to zero; Egozcue 
et al., 2003). We chose each coordinate to represent either a binary 
contrast (e.g. between two taxonomic groups) or a quantitative con-
trast (e.g. the effect of body mass; Supporting Information A). We 
plotted the projections of the time of year, lockdown status and in-
teraction effects onto these coordinates, and graphically explored 
whether the projections were associated with differences in ecolog-
ical traits known to alter WVC risk. For the purposes of analysis, we 
used the orthogonal version of these ecological traits. The number 
of ecological traits we investigated was smaller than the dimension 
of the relative abundances, so there may be effects on the relative 
rate of WVC that are not captured in our analysis.

3  |  RESULTS

3.1  |  Observed vs. expected WVC

Significantly lower than predicted WVC were observed for all weeks 
of both lockdown periods for all species combined (Figure 2). During 
lockdown 1, an average of 72% fewer WVC were observed than ex-
pected for the time of year and 87% lower for lockdown 2 (Figure 2). 
At a species- specific level, all species (except polecat in lockdown 
1, herring gull in lockdown 2 and barn owl in both lockdowns) were 
lower than predicted, with 13 species significantly so in lockdown 1, 
and 16 during lockdown 2 (Figure 3).
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F I G U R E  2  Deviation from forecasted WVC during COVID- 19 lockdown period. The observed versus predicted wildlife– vehicle collision 
(WVC) for each week during the two COVID- 19 lockdown periods, represented as a percentage change. Both lockdowns saw significantly 
lower than expected weekly WVC. Note: week number represents the number of weeks into the lockdown, rather than into the calendar 
year.

F I G U R E  3  A comparison of observed versus predicted wildlife– vehicle collision (WVC) during lockdowns: The observed number of 
WVC for each species reported during the two COVID- 19 lockdowns are shown in comparison to the predicted number produced from 
generalised additive models (GAMs). Points lying on the 1:1 line show little to no difference between observed and predicted WVC. Species 
with significantly lower observed WVC than forecasted are listed in bold and denoted by an asterisk.
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3.2  |  Compositional data analysis: 
Lockdown and traits

There was strong evidence that lockdowns 1 and 2 had different 
overall effects on WVC (model with three- way interaction vs. model 
without, likelihood ratio test: deviance = 49.16, df = 18, p < 0.0001). 
We therefore included time of year, lockdown status and interaction 
effects in all further analysis.

During lockdowns, four traits showed distinctive relative changes 
in WVC risk (Figure 4a): relatively fewer nocturnal mammals, urban 
visitors, mammals with larger brain mass and birds with a longer flight 
initiation distance were reported as WVC. Nocturnal birds and ani-
mals with larger home range also saw relatively fewer WVC during 
lockdowns; however, the 95% confidence intervals overlapped mar-
ginally with the 0 line. In line with our previous observations (Raymond 
et al., 2021), seasonality was evident in the WVC reports. Relatively 
fewer birds, nocturnal mammals, urban dwellers, animals with smaller 
body and brain mass, and birds with longer FID were reported as 
WVC during March– May than December– March, across all years 
(Figure 4b). There were no differences between the two lockdowns 
in the relative frequency of WVC reported, for any of the given eco-
logical traits in this study (solid error bars all overlap zero, Figure 4c).

4  |  DISCUSSION

The COVID- 19 pandemic resulted in widespread reductions in vehi-
cle use during national lockdowns; the anthropause offered a unique 
opportunity to determine species' traits, and ultimately species, sus-
ceptible to mortality on roads (Du et al., 2021; Havaei- Ahary, 2021; 
Yasin et al., 2021). This study reveals lower than predicted WVC in 
the UK during the anthropause, in line with our expectations and 
previous studies in other countries (Bates et al., 2021; Bíl et al., 2021; 
Driessen, 2021; Łopucki et al., 2021; Nguyen et al., 2020). Six spe-
cies experienced notably lower WVC during the anthropause than 
predicted under typical driving mobility (pheasant, badger, hedge-
hog, fox, squirrel and rabbit; Figure 3). The most parsimonious hy-
pothesis for a decrease in WVC is the reduction in vehicles on roads 
(Figure 1), as previous work has shown that high traffic volume is 
associated with high WVC risk (Colino- Rabanal et al., 2011; Jaeger 
et al., 2005; Pagany, 2020). Importantly, our work also suggests that 
differences between species in the anthropause- mediated reduction 
in WVC (corrected for reporting effort through compositional data 
analysis) were associated with ecological traits. Nocturnal mammals, 
urban visitors, mammals with larger brain mass and birds with longer 
FID appeared to experience a greater mortality reprieve during the 
anthropause, relative to their contrasting traits (Figure 4a). This 
study highlights ecological traits that are influenced by road mortal-
ity: we infer from this that species with these traits are likely to be 
more vulnerable to WVC under non- lockdown conditions.

Although previous observational studies present evidence that 
all of the ecological traits in the current study are related to WVC 
risk (Cook & Blumstein, 2013; González- Suárez et al., 2018), we 

found evidence supporting only four of these (as described above). 
For two additional traits, evidence was marginal (diel activity in birds 
and home range size; Figure 4a), and for the remaining five traits, our 
study did not support their influence on WVC risk as a result of traf-
fic reduction. It is important to note, however, that our observations 
occurred over a relatively short time- period in two distinct times of 
year and it could be that only traits or species that are quick to re-
spond to the reduction in human mobility and/or were seasonally 
sensitive to WVC- risk (Raymond et al., 2021), were apparent in the 
present study. Additionally, there will be other traits and variables 
not included in this study that influence the vulnerability of differ-
ent species to WVC; population density, differences in distribution 
between species and spatial variation in traffic are examples (Grilo 
et al., 2020). Indeed, the relative abundance of each species differed 
significantly between the two lockdowns, as evidenced by the like-
lihood ratio test (see Section 3.2 in Results). However, there was no 
difference in WVC risk for the ecological traits investigated in this 
study between the two lockdown periods (Figure 4c), suggesting 
that differences in WVC risk between lockdowns may have been 
caused by other traits or variables not included in this study.

The results of this study suggest that nocturnal species were 
relatively less likely to be involved in WVC during the anthropause 
(Figure 4a), and reports of species with this trait, badgers and foxes, 
were on average 91% and 82% lower during lockdowns, respectively 
(Figure 3). This observation fits our hypothesis that the relative prev-
alence of species which have traits associated with vulnerability to 
WVC would decline with reduced traffic. Nocturnal species have 
previously been shown to have a higher mortality risk on roads, due 
to reduction in driver visibility at night and animals being startled 
by car headlights (González- Suárez et al., 2018; Lala et al., 2021), 
and due to mammalian crepuscular activity coinciding with traffic 
rush hours (e.g. badger, otter, hedgehog; Finch et al., 2020; Garcia 
de Leaniz et al., 2006; Rosalino et al., 2005). This trait may have 
been particularly prominent in our findings as, alongside the over-
all reduction in driving, there was a particularly notable decline 
in traffic between the hours of 8 and 11 pm (Havaei- Ahary, 2021; 
TomTom, 2021), which might have contributed to an even greater 
shift in relative prevalence of nocturnal species.

Urban visitor species in this study, which include badger, roe 
deer and pheasant experienced a relative reduction in WVC occur-
rences during the anthropause, suggesting high WVC risk normally. 
We hypothesise that urban visitor risk may highlight an interplay 
between human activity and WVC risk. Lockdowns certainly re-
duced traffic (Figure 1), but coincidentally reduced human presence 
in rural open spaces (Gilby et al., 2021; Hockenhull et al., 2021). We 
hypothesise that the reduction in human disturbance in more rural 
areas may have led to a reduction in displacement movements from 
those areas. High movement typically translates into high WVC 
risk (Barthelmess & Brooks, 2010; Costa et al., 2022). Therefore, 
a reduction in both people and vehicles may present a dual ‘ben-
efit’ that is likely to be especially applicable to pheasants, a rural 
and particularly ‘flighty’ species with a long FID (62.2 m; Livezey 
et al., 2016; Madden, 2021), a trait that is also be associated with 
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WVC risk in this study (Figure 4a; Supporting Information A). 
Indeed, pheasants saw on average 85% lower than predicted WVC 
across the two lockdowns. WVC involving pheasants during lock-
down 2 will also have been influenced by an estimated 20%– 30% 
reduction in pheasant releases by game bird managers in late sum-
mer 2020 (Browne, 2020; Keepers Choice, 2020). However, it is 
striking that the decrease in reported pheasant WVC is almost 
four times what we might have expected as a simple result of re-
duced numbers of released birds, suggesting that these reductions 
in WVC were more a product of changes in traffic behaviour or 
pheasant responses to it.

The results of this study also suggest that mammals with greater 
brain mass and birds with longer FID are more vulnerable to WVC, 
as taxa with these traits saw an overall relative reduction in WVC 
risk during the anthropause (Figure 3a). Previous studies have found 
that animals with smaller brain mass tend to be less adept at escap-
ing oncoming threats, although most of these previous studies fo-
cused on birds, whereas we saw little evidence of a change in brain 
mass- associated WVC risk in birds (Møller & Erritzøe, 2016, 2017; 
Samia et al., 2015; Figure 4a). Similarly, Møller and Erritzøe (2014) 
found that brain size and FID are linked, with FID decreasing with 
brain size (relative to body size), highlighting that species with 
a smaller relative brain size take longer to flee oncoming threats 
than those with larger brains. A 236% increase in excessive speed-
ing offences in lockdown may have resulted in bias towards WVC 
involving birds with shorter FID (Masri, 2020; Yasin et al., 2021). 
Birds have previously been shown to be adapted to the speed limit 
of a road rather than the speed of individual cars (Legagneux & 
Ducatez, 2013); therefore, speeding is likely to contribute to high 
mortality risk.

Inherent in ad hoc citizen science data is bias (Arazy & 
Malkinson, 2021). In this study, this could include bias in reporter lo-
cation shifting during lockdowns, observer bias (preferential reports 
of species) and misidentification. In our data generation, we used 
KDE and random subsampling (Supporting Information C) to limit po-
tential bias in the spatial location of WVC reports during lockdowns 
compared to previous years. In our data analysis, we assessed the 
effect of observer bias on our estimations. Observer bias may favour 
reporting of certain species, based on their ease of detection (e.g. 
size and distinctiveness). As outlined in Supporting Information D, 
observer bias does not impact the model outputs when using com-
positional data analysis. Finally, species could be misidentified by 
inexperienced observers (Kelling et al., 2015), and there is no formal 
species verification in the present WVC data due to safety issues 
surrounding asking reporters to take photos of wildlife on roads for 
expert verification. Our analyses showed that model estimation is 
sensitive to misidentification (Supporting Information D). The spe-
cies in this study, however, are all common in the UK and the major-
ity are morphologically distinctive from one another. Exceptions to 
this include the two deer species (roe and muntjac) and two pigeon 
species (feral and wood). Our compositional data analysis, however, 
utilised traits, not species, and the traits for these potentially mis-
identified species are similar (7 out of 8 traits for the deer species, 

and 6 out of 9 traits for the pigeons; Supporting Information A). 
Additionally, it is reasonable to assume that the prevalence of mis-
identification of species in the database was not altered by the pres-
ence of lockdowns. It is also possible that the relationship between 
actual and reported WVC events is nonlinear, and this would not 
be captured by our analyses, but we do not have data from which 
such nonlinearities could be identified. Although we have attempted 
to account for and discuss known biases and limitations associated 
with ad hoc citizen science data, it remains possible that unknown 
biases, or those that we cannot control, may have influenced the 
outcomes of our models.

5  |  CONCLUSIONS

Travel restrictions during the pandemic hindered scientific research 
and fieldwork opportunities (Saraswat & Saraswat, 2020), but also 
provided opportunities (Bates et al., 2021; Perkins et al., 2022). By 
utilising an extensive database of citizen science roadkill records 
over an 8- year time series, and using compositional data analysis, 
a previously under- utilised method for relative abundance data, 
this study has revealed the impact that vehicles may have on 
wildlife, and that the risk is trait based. This work highlights the 
far- reaching impacts that roads and vehicles may have on wildlife 
survival under ‘normal’ circumstances, in a country where roads 
cover 398,359 km in length (Department for Transport, 2021) and 
car ownership numbers 39.2 million (Reynolds & Parry, 2021). The 
effects of decreased human mobility on wildlife provide an insight 
into the extent to which modern anthropogenic infrastructure is 
embedded in the ecological response of organisms, and could also 
be an evolutionary driver.
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