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Roads impact wildlife through a range of mechanisms from habitat loss and decreased

landscape connectivity to direct mortality through wildlife-vehicle collisions (roadkill).

These collisions have been rated amongst the highest modern risks to wildlife. With the

development of “citizen science” projects, in which members of the public participate in

data collection, it is now possible to monitor the impacts of roads over scales far beyond

the limit of traditional studies. However, the reliability of data provided by citizen scientists

for roadkill studies remains largely untested. This study used a dataset of 2,666 roadkill

reports on national and regional roads in South Africa (total length ∼170,000 km) over

3 years. We first compared roadkill data collected from trained road patrols operating

on a major highway with data submitted by citizen scientists on the same road section

(431 km). We found that despite minor differences, the broad spatial and taxonomic

patterns were similar between trained reporters and untrained citizen scientists. We

then compared data provided by two groups of citizen scientists across South Africa:

(1) those working in the zoology/conservation sector (that we have termed “regular

observers,” whose reports were considered to be more accurate due to their knowledge

and experience), and (2) occasional observers, whose reports required verification by an

expert. Again, there were few differences between the type of roadkill report provided

by regular and occasional reporters; both types identified the same area (or cluster)

where roadkill was reported most frequently. However, occasional observers tended to

report charismatic and easily identifiable species more often than road patrols or regular

observers. We conclude that citizen scientists can provide reliable data for roadkill studies

when it comes to identifying general patterns and high-risk areas. Thus, citizen science

has the potential to be a valuable tool for identifying potential roadkill hotspots and

at-risk species across large spatial and temporal scales that are otherwise impractical

and expensive when using standard data collection methodologies. This tool allows

researchers to extract data and focus their efforts on potential areas and species of

concern, with the ultimate goal of implementing effective roadkill-reduction measures.
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INTRODUCTION

Roads (and their associated users) affect wildlife through a
wide range of mechanisms. They are responsible for habitat
loss, degradation (Trombulak and Frissell, 2000), and decreased
landscape connectivity resulting in a barrier effect and road
avoidance behavior (D’Amico et al., 2015a). Furthermore, these
fragmented habitats act as filters, allowing some species to cross
while others are killed (e.g., snake species that cross roads at low
speed are more at risk of mortality than others that cross rapidly,
Andrews and Gibbons, 2005). The most conspicuous and studied
effect of roads on wildlife is the direct casualties resulting from
collisions with vehicles (i.e., roadkill). Wildlife mortality due to
roadkill often exceeds natural rates (Forman et al., 2003) and
has the potential to affect all individuals in a population equally,
unlike predation (Jaarsma et al., 2006). For some species, such
as the Florida panther (Felis concolor coryi), vehicle collisions are
the main cause of mortality (Harris and Scheck, 1991). In certain
cases, it can even be the cause of population decline, for example,
causing a decrease of 30% in hedgehog (Erinaceus europaeus)
density in The Netherlands (Huijser and Bergers, 2000).

In recent decades, the number of studies focusing on the
impacts of roads on biodiversity has increased considerably,
leading to the rise of an applied scientific discipline called “road
ecology” (Forman et al., 2003; Coffin, 2007). Early road ecology
research used roadkill to monitor changes in population (e.g.,
Baker et al., 2004), focused on emblematic species (e.g., Hobday
and Minstrell, 2008) or examined spatial and temporal patterns
in the distribution of roadkill (e.g., Taylor and Goldingay, 2004;
Ramp et al., 2005). Many of these studies relied on road surveys
conducted at regular intervals by trained observers (Barthelmess
and Brooks, 2010; D’Amico et al., 2015b). Despite providing high
quality data, these methods are costly in terms of both time and
logistics and can thus only be applied to relatively small areas
(Caro et al., 2000; Barthelmess and Brooks, 2010).

Citizen science—a new form of data acquisition involving
public participation - potentially provides a large pool of
enthusiastic contributors that could enhance data collection at
scales far beyond the limit of traditional field (Wilson et al., 2013).
Globally, dozens of web-based systems for reporting roadkill exist
(Shilling et al., 2015). Examples include Project Splatter in the
UK (https://projectsplatter.co.uk), the NationalWildlife Accident
Council in Sweden (http://www.viltolycka.se/) or the California
Roadkill Observation System in the USA (CROS - http://
www.wildlifecrossing.net/california). These systems vary greatly
in purpose and taxonomic focus. While some citizen science
projects have a standardized methodology for data collection,
most systems allow for the submission of opportunistic or ad
hoc observations, even though these are perceived to be of lower
quality (Bird et al., 2014). Such non-standardized methods of
data collection can bias the information and conclusions, as
scientists cannot control for research effort, accurate species
identification, or an observational bias toward more charismatic
species. In the design of roadkill mitigation, it is therefore vital
to understand whether informally collected data are sufficiently
biased to potentially direct conservationists’ attention to the
incorrect areas or even species.

Several studies have tried to identify and quantify bias in
roadkill data collection (e.g., Slater, 2002; Santos et al., 2011)
or develop standardized recording methods (e.g., Collinson
et al., 2014), but to our knowledge none has tested the
capacity of data from citizen science surveys to provide reliable
roadkill data. In this study, we assessed the potential value of
citizen science data for roadkill studies by comparing ad hoc
data provided by citizen scientists (termed “occasional”) to
that of (1) road patrols by trained personnel (termed “road
patrol”) and (2) regular, informed observers working in the
conservation field (termed “regular”). These data were collated
in the first national database on mammalian mortality on
South African roads, by the Endangered Wildlife Trust (EWT),
from records collected from 2010 to 2015. We compared
both the species reported as well as the spatial clustering of
roadkill reports between the three reporter types (occasional,
regular and road patrol), to assess differences and potential
sources of bias. If bias exists in the citizen science data, we
expected to find higher frequencies of larger, more common
and charismatic species in the citizen science roadkill data
(Caro et al., 2000).

METHODS

Data Collection
Following the launch of a national roadkill awareness campaign
in 2013, the EWT gathered roadkill data using four different
approaches: (i) developing a form-based reporting system on
a website (ii) soliciting historical records of roadkill incidents
(iii) developing a smartphone-application called “EWT Road
Watch” and (iv) using social media such as LinkedIn, Twitter
and Facebook to attract interest. All of these methods relied on
data collected by lay people, satisfying the criteria for citizen
science. From these four methods, two main types of data
collection strategies emerged: occasional/random observations
(187 individuals), and data from regular observers (nine
individuals) that each provided >50 roadkill reports. Regular
observers were not trained in data collection but were working
in the Zoology/Conservation sector and thus their data were
considered to be accurate. Road patrol staff received annual
training (conducted by the EWT) in species identification,
collection of roadkill data, and the taking of photographs. Data
could only be verified if a photograph was submitted with the
report.

In parallel to citizen scientist data collection, road patrol
agencies were trained by EWT staff to conduct regular road
transects on set routes. Transects were conducted on the N3
highway from Johannesburg to Durban along a total length
of 431 km, driven four times a day every day (twice in each
direction); teams were allocated to six shorter sections to ensure
the whole distance was covered effectively. Once discovered,
carcasses were removed from the road to avoid recounts
(Collinson et al., 2014; Guinard et al., 2015). Road patrols took
place from July 2011 to November 2014.

Due to the small number of reports pre-2011 and in 2015, we
conducted the following analyses on the data from 2011 to 2014
only.
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Identification of Repeated Sampling
Within each group of reporters (regular vs. occasional and road
patrol vs. citizen scientists), we defined “repeated sampling” as
a roadkill that was reported for the same species within a 2-day
period, <150m from one another. This resulted in two reports
from the occasional reporter’s dataset and 22 from the regular
reporters’ datasets being removed from the final dataset. There
were no repeated samples by citizen scientists on the N3 since
the road patrol removed carcasses from the road once detected.

The final dataset comprised a total of 2,642 roadkill reports,
1,647 from regular reporters, 786 from occasional reporters and
209 from the N3 road patrols (see Figure 1 for spatial distribution
and Supplementary Materials S1, S2). A further 183 roadkill
reports from citizens were located on the N3 surveyed by the road
patrol.

Data Categorization
Each species in the dataset was categorized according to
taxonomic order. Domestic species (cat Felis catus, dog Canis
lupus familiaris and livestock) were pooled into a group labeled
“domestic,” and unknown/ unidentifiable mammal species were
grouped into “Mammalia”. Three body mass classes were defined
to account for carcass detection probability, using the average
adult female body mass for African mammals (Skinner and
Chimimba, 2005): very small (<2 kg), small (2–10 kg) and
medium to large (>10 kg). Unknown species were assigned to
a size class labeled “unknown.” Based on the National Red List
of mammals in South Africa (Child et al., 2016) each species in
the dataset was assigned to a Red List threat category. Domestic
species and generic Mammalia were assigned a Not Determined
(ND) Red List status.

Data Analysis
Citizen Science vs. Road Patrol Data
To assess the potential of the citizen scientist’s contribution
to roadkill surveys, we first compared the data provided by
citizen scientists (both regular and occasional observers) to
that compiled by systematic road patrols. For this analysis,
we considered only the citizen science data collected on the
road section where road transects were conducted by the road
patrols (i.e., the N3 highway). The dataset was thus composed
of 183 reports from citizen scientists compared to 209 reports
provided by the N3 road patrol (Figure 1). We compared species
size, taxonomic category and Red List category between these
two datasets using Chi-square tests with false-discovery-rate
correction for multiple comparisons. Analyses were performed in
R software version 3.2.2 (R Core Team, 2016) using the function
“chisqPostHoc” from the “NCStats” package (Ogle, 2015).

Regular vs. Occasional Observers’ Data
To further assess the value of random roadkill reports, we
compared data submitted by regular and occasional observers
across South Africa. We used Chi-square tests with false-
discovery-rate correction for multiple comparisons to test for
difference in terms of size, taxonomic category and Red List
category.

Cluster Analysis
To compare the spatial patterns between the three different types
of observer (occasional, regular and road patrol), we conducted
a cluster analysis using the KDE+ method defined in Bíl et al.
(2015). For this analysis, datasets included only roadkill reports
that provided a GPS location (N = 1,836, 137 for N3 road
patrol, 505 for occasional and 1194 for regular reporters). Of
these, only a portion could be clearly associated to a specific road
from the Open Street Map data (http://download.geofabrik.de/
africa/south-africa.html). Our dataset for comparison between
trained and untrained observers reporting roadkill on the N3
highway consisted of 137 reports submitted by road patrols
and 1874 from citizen scientists respectively. The remaining
reports from our dataset provided a comparison of 872 (regular
reporters) and 345 (occasional reporters) reports representing
the South African road network (total length ∼170,000 km,
accounting for∼25% of the South African road network; Karani,
2008).

RESULTS

From 2011 to 2014, a total of 2,642 mammalian roadkill
incidents were reported on roads (totaling ∼170,000 km) in
South Africa, comprising 102 mammalian species from 14 orders
(Supplementary Material S1). Of the 287 species on the National
Red List, 24.7% (n = 71) were reported killed. Of these, 78.9%
were of Least Concern (LC, n= 56), 11.3%were Near Threatened
(NT, n = 8), 5.6% were Vulnerable (VU, n = 4), and 4.2% were
Endangered (EN, n = 3). A total of 196 observers contributed
toward the survey and we identified nine regular observers who
provided 67.6% (n = 1,647) of the total citizen scientist dataset
(n = 2,433). The majority of citizen reports were submitted via
email (77.2%, n = 1,879) and on the smartphone-application
(19.5%, n= 45). Social media (1.4%, n= 33) and direct reporting
through SMS or phone call (1.5%, n = 37) provided only a small
fraction of the data.

Roadkill Patterns Identified from the
Citizen Scientist (Occasional and Regular)
vs. Road Patrol Data
Along the same section of the N3 highway, trained road patrols
and citizen scientists (from both occasional and regular reports
totaling 183 reports) reported a total of 31 and 35 mammalian
species, respectively, across eight and nine taxonomic groups
(SupplementaryMaterial S2). The vast majority of the road patrol
reports were of small and medium sized species (Figure 2A), in
NT and ND Red List categories (Figure 2B). The distribution
of Red List category (χ2

= 21.7, df = 2, p < 0.001) from
road patrol reports was significantly different from that reported
by citizen scientists. Citizen scientists reported more roadkill of
medium-size and species falling in the Red List category EN
(Figures 2A,B). Additionally, they reported less very-small and
NT species (Figure 2B). The frequencies of taxonomic groups
reported differed significantly between road patrols and citizen
scientists (χ2

= 26.9, df = 8, p < 0.001), the latter reporting
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FIGURE 1 | Spatial distribution of roadkill reports collected from occasional (dark blue dots) and regular (yellow dots) reporters in South Africa and along the N3

(insert) where roadkill reports were also provided by trained personnel conducting regular road patrols (light blue dots).

more Carnivora and domestic mammals and fewer Rodentia and
unknown mammals than road patrols (Figure 2C).

The top three roadkill species reported by road patrols
(unknown rabbit sp Leporidae sp., 22.1%; domestic dog Canis
lupus familiaris, 11.5%; and black-backed jackal Canis mesomelas
10.5%; Supplementary Material S2) were among the top
four species reported by citizen scientists, followed by serval
(Leptailurus serval, 14.8%).

Using the KDE+ method, we identified eight and 11
significant clusters of roadkill from the road patrol and citizen
scientist reports respectively. Using a threshold strength of 0.4
to define biologically relevant clusters, seven road patrol clusters
were relevant as were eight citizen scientist clusters. These
clusters represent 10.9% (n = 15) and 12.1% (n = 21) of the
roadkill reported by road patrol and citizens respectively. Most
of these clusters (four from road patrols and seven from citizens)
were located within a section of ∼41 km along the northern part
of the surveyed road (Figure 3), representing ∼10% of the total
distance surveyed (431 km).

Comparison of Regular and Occasional
Observers’ Data
Taxonomic and Trait Patterns
The body size of the majority of the species reported killed by
both regular and occasional observers was small (Figure 4A)
and of LC Red List category (Figure 4B). Carnivora was the
order most often reported for both citizen scientist observer
types, with Lagomorpha and Rodentia forming the remaining

bulk (Supplementary Material S1, Figure 4C). There was no
significant difference in the frequency distribution of size (χ2

=

0.9, df = 3, p > 0.05), Red List categories (χ2
= 2.7, df = 3,

p > 0.05) or taxonomic groups (χ2
= 18.7, df = 13, p > 0.05)

reported between occasional and regular observers.
A total of 70 species were reported by occasional observers

compared to a total of 88 for regular reporters. In both datasets,
scrub hare (Lepus saxatilis; regular n = 169 and occasional n
= 85) was the most prevalent species, followed by unknown
species (regular n = 148 and occasional n = 72). Bat-eared fox
(Otocyon megalotis) ranked fourth (n = 123) and third (n =

66) respectively for regular and occasional observers, followed by
black-backed jackal, which ranked fifth for both regular (n= 107)
and occasional (n = 48) observers. Aardwolf (Proteles cristata)
ranked sixth (n = 82) and fourth (n = 52) respectively for
regular and occasional observers, whilst unknown rabbit species
(Leporidae) ranked third (n = 127) in the regular observers’
dataset but was sixth (n= 42) in the occasional observers’ dataset
(Supplementary Material S1).

Spatial Patterns
From the regular and occasional reports, the KDE+ method
allowed for the detection of 45 and 14 roadkill clusters
respectively. Of these, 30 clusters for regular reporters and 9
clusters for occasional reporters had a strength superior to 0.4
(Figure 5). These clusters represent roadkill reports from 43.1%
(n = 73) of regular and 3.6% (n = 18) of occasional citizen
scientist participants. Nearly half of the clusters from both regular
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FIGURE 2 | Comparison of the distributions of (A) sizes, (B) Red List category of species and (C) taxonomic groups reported killed along a 431 km section of the N3

road by road patrols (white) and citizen scientists (gray). Figures above bars represent the number reported in each category.

(n = 14) and occasional (n = 2) observers were located in the
center of the country (Bloemfontein-Kimberley region; Figure 5)
along sections totaling ∼550 km of both national and regional
roads. Four regular observers’ clusters were also located on the
N3 (Figure 5).

DISCUSSION

Summary of Key Findings
Data quality gathered by citizen scientists can be compromised
(Floridi, 2012) due to inaccuracies in reporting and lack of
scientific understanding (Batini and Scannapieca, 2006) and
thus should be interpreted with caution. Our results suggest
that data collected by ad hoc citizen scientists (i.e., occasional
reporters) can be as accurate as those obtained by trained
or informed reporters in terms of broad spatial patterns and
species identification. Citizen scientists (i.e., occasional and
regular reporters) who gathered roadkill data in South Africa
between 2011 and 2014, largely agreed with the data from

that of trained road patrols. Furthermore, the regular, informed
reporters conveyed similar roadkill patterns as the occasional
reporters.

Caro et al. (2000) noted during roadkill counts in California
that small mammals (<10 kg) are more difficult to see when
driving at normal speed (∼100 km/h−1). Furthermore, these
smaller species are often quickly removed from roads by
scavengers or become problematic to identify by observers
as they become “flattened” by vehicles using the roads (Hels
and Buchwald, 2001), thus making the recording of roadkill
less accurate. In the case of our study, South African citizen
scientists were less likely to report smaller species than the
road patrols along the N3 highway. This is in line with our
assumption that citizen scientist data would be biased toward
larger species (>10 kg). In addition, citizen scientists might also
lose motivation or put less effort in to reporting unidentified
or “low profile” species, assuming that the information is not
scientifically valuable (Lukyanenko et al., 2016). Our data show
that road patrols frequently report a high number of very-small
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FIGURE 3 | Clusters of roadkill reported on the N3 identified from the road

patrol (orange) and citizens (blue) reports using KDE+ method. Only clusters

with a strength superior to 0.4 are shown.

and unidentified species. This is likely due to them driving at
slower speeds (<60 km/h−1) as well as the training they receive
from the EWT in species identification and collecting roadkill
data (Collinson, 2016, pers. obs.).

A third of the roadkill clusters identified by occasional
reporters were found in locations that agreed with those of
regular reporters. The same was true when comparing data
from road patrols to both citizen scientist reports (occasional
and regular) as well as those of regular and occasional reports.
Clusters of roadkill (i.e., roadkill hotspots) were concentrated on
the same road sections in South Africa which represents 0.3% of
the road network analyzed (∼170,000 km). By comparison, 70%
of clusters were not close to the clusters identified using data
from the other reporting group (road patrol vs. citizens or regular
vs. occasional reporters). These most likely resulted from the
difference in sampling efforts by both types of citizen reporters.
In our opinion, the spatial extent of the area surveyed by the 187
occasional observers (∼765,000 km of the entire road network
in South Africa; Karani, 2008) is expected to be larger than
the one sampled by the nine regular observers (∼170,000 km of
road); smaller and less utilized roads are likely to have received a
different sampling effort from both user groups. Our sample size
from the occasional reporters (n= 505) was insufficient in terms
of monitoring the country’s road network, and consequently,
a larger sample size is required to enable cluster analysis of
the occasional data. We propose that the clusters identified
as “roadkill hotspots” could be the focus of further and more
detailed study that concentrate on the fine-scale patterns of
roadkill and factors potentially responsible for the high intensity
of collisions. Thus, while citizen scientists may not identify all
the clusters noted by trained observers, these data can provide

FIGURE 4 | Comparison of the distributions of (A) sizes, (B) Red List category

of species and (C) taxonomic groups reported killed across South Africa by

regular (gray) and occasional (white) observers. Figures above bars represent

the number reported in each category.
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FIGURE 5 | Clusters of roadkill reported across South Africa from regular (red) and occasional (blue) reports using KDE+ method. The insert shows the

Bloemfontein-Kimberley region where most of the clusters are concentrated. Only clusters with a strength superior to 0.4 are shown.

an early warning system for potential roadkill hotspots and data
management (Shilling et al., 2015).

The role of citizen science in research and monitoring is
increasing globally as a data collection tool (Lukyanenko et al.,
2016) despite skepticism of the data produced by non-experts
(Swanson et al., 2016). Our analysis demonstrates that the
assumption that we target only “educated citizens” for the
collection of roadkill data (Batini and Scannapieca, 2006) appears
to be unnecessary. In this large-scale study of citizen science
data collection patterns in South Africa, we conclude that the
biases that may be present in our data (Floridi, 2012) are not
significant enough to ignore the immense value of citizen science
projects. Our study demonstrates that ad hoc citizen science has
the potential to map roadkill occurrence and identify hotspots
in a reliable and robust manner compared to that of trained
road patrols and informed reporters. However, we propose that
ad hoc citizen science data should only be used to identify general
patterns or trends. As Lukyanenko et al. (2016) states, “Citizen
science is about writing a story where citizens contribute to the plot.
Experienced researchers should then assume the role of directing
the actors and writing the dialogue.”

Recommendations
We outline below recommendations to improve the accuracy,
sampling effort and the motivation of the citizen scientist.

(1) Data accuracy: Our dataset did not allow for species
identification verification, since not all data were submitted with
a photograph. We therefore propose that all similar projects
encourage the submission of a photograph that can be verified
by an expert, or cross-referenced by other citizen scientists
(Swanson et al., 2015, 2016).

(2) Sampling effort: The sampling effort of data collected by
both the citizen scientists and the road patrols was not recorded
and we were therefore unable to correct for sampling effort bias;
this leads to potential bias in both spatial distribution and species
reporting. We therefore propose that (where possible) sample
effort is encouraged with data submitted on not only where
roadkill occurs but also roadkill absence (Shilling et al., 2015).
For example, a smartphone application can either automatically
record distances driven, or prompt users to report these data.

(3) Training and feedback: Citizen scientists contribute data
because they want to make a difference and learn something
new (Bonney et al., 2009; Silvertown et al., 2013; van der
Wal et al., 2016). Thus, training opportunities (either online
or in person), and feedback (not simply in scientific journals)
can be invaluable ways of retaining and attracting citizen
scientists across the globe. Face-to-face training will also
provide the opportunity to explain the value in submitting
all data, including the reporting of small and/or unidentifiable
carcasses.

(4) Vary the tools: Not all potential citizen scientists are
likely to prefer the same method of collecting data. Thus, some
individuals will be engaged by an interactive website (Swanson
et al., 2015, 2016), while others prefer a smartphone app, and
another group may prefer email communication (as was the case
in this study).

Despite the limitations associated with reporting efforts, the
EWT’s citizen science project has established the first national
database for animal road mortalities. This will guide future
management decisions on mitigating the negative impacts of
roads and provide a platform from which future studies can be
designed.
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