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ABSTRACT

The identification of roadkill hotspots is necessary prior to the consideration of
wildlife road mortality mitigation measures. In a previous study, 178 roadkill
specimens were tallied via a driving survey along 21.4 km (13.3 mi) on three
connected roadways in Baldwin County, Georgia. Roadkill locations were
recorded to the nearest 0.16 km (0.1 mi) using the vehicle odometer. In the
current study, location data were used to generate three graphical displays of
roadkill distribution: 1) a linear graph of roadkills per 0.16 km (0.1 mi) bin; 2)
a linear graph of roadkills per 0.8 km (0.5 mi) bin; and 3) a linear graph with a
continuous running average incorporating 0.48 km (0.3 mi). The number and
position of the peaks on each graph were compared in relation to roadway
features that may influence animal movement and mortality such as vegetative
boundaries, stream crossings, hills, and curves. The running average plot
provided the best visual illustration of roadkill hotspot locations in relation to
roadside features. The running average is a good technique to quickly and
accurately identify hotspot locations and could help resource managers plan
mitigation strategies to decrease wildlife road mortality.

Keywords: roadkill hotspots, wildlife road mortality

INTRODUCTION

An increase in urban sprawl and highway traffic volume is taking a heavy toll on
wildlife populations (Alexander et al. 2005; Forman and Alexander 1998; Trombulak and
Frissell 2000). Road locations with abnormally high wildlife mortality are classified as
roadkill hotspots. The number of roadkills in a hotspot may vary with time of day, season
of the year, or long-term changes in roadside habitat (Clevenger et al. 2001; Conard and
Gipson 2006). Factors shown to contribute to an increase in wildlife mortality in these
hotspots include vegetative boundaries, landscape features, and road topography (Caro
et al. 2000; Coffin 2007; Cristoffer 1991; Jaarsma et al. 2006; Langen et al. 2009).
Roadkill hotspots have been observed in both natural and heavily urbanized areas (Boitet
and Mead 2014; van Langevelde et al. 2009). Documenting hotspots and correlating their
position to a physical feature is the first step in the mitigation process.

In many studies, the identification of roadkill hotspots has focused on specific
habitat types. Clevenger et al. (2003) and Kanda et al. (2006) used logistic regression to
analyze road mortality in relation to specific habitat types. Conard and Gipson (2006)
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observed roadkill distribution within defined land cover types and tested the significance
of the correlation using a standard chi-square test. They also employed the seasonal
movement patterns of animals to predict roadkill hotspots. Neumann et al. (2012)
recorded time of day and season to assess hotspot locations. A general additive model was
used to statistically determine where these hotspots may occur. Inbar and Mayer (1999)
plotted roadkill data points by the length of the roadway in relation to time in a study with
a limited number of roadkill. Only a small number of hotspots were found relating to
season and time of day, probably due to the small amount of data gathered.

An alternative way of analyzing roadkill data is to calculate the number of roadkill
per defined length of roadway (observational bins). This tends to work when there is a
large number of observations and a long length of roadway, but tends to not work as
effectively with a smaller pool of data with any length of roadway (de Carvalho et al. 2014;
Malo et al. 2004). Several studies have used bins of various distance: 0.5 km bins, McShea
et al. (1997); 0.8 km bins, Main and Allen (2002); 1.0 km bins, Malo et al. (2004); 1.6 km
bins, Inbar and Mayer (1999); and 10.0 km bins, de Carvalho et al. (2014). In each study,
the researchers generated line graphs and used peaks to indicate the location of roadkill
hotspots. This method appears to work well in correlating roadkills to large scale variables
such as habitat type but may be too coarse and fail to identify smaller variables such as
changes in road topography or physical roadside features. Additionally, considering bins
as separate entities may overlook the clustering of roadkills along the boundary between
two adjacent bins. Depicting the roadkill data as a running average may alleviate these
two problems. A thorough literature review suggests that this technique has not been used
previously to depict roadkill occurrences. Here we consider the usefulness of plotting
roadkill data in linear graphs with defined bins or as a continuous running average.

MATERIALS & METHODS

In the current study, a set of 178 roadkill records (93% mammals, 5% birds, and
2% herpetofauna) from a previous study (Boitet and Mead 2014) was used to produce
linear graphs of roadkill distribution along the defined survey route. In the
aforementioned study, conducted seven years prior to the current study, roadkill
locations were recorded via vehicle odometer to the nearest 0.1 mile. To avoid skewing
the data with rounding during conversion, distance in the current study was kept in miles
due to the use of a standard odometer when initially surveying for roadkill. The study
route consisted of three connected roadways (13.3 miles beginning on Highway 212 [4.8
miles], to Lowe-Meriwether Road [4.2 miles], to Highway 441 [4.3 miles]; see Figure 1 in
Boitet and Mead 2014) in Baldwin County, Georgia, and observations were made for one
year. We constructed three linear graphs with 0.1 mi (0.16 km) bins, 0.5 mi (0.8 km) bins,
and as a linear graph with a continuous 0.3 mi (0.48 km) running average (before, at,
after). For example, the value calculated for the 0.7 mi point would be the average of
roadkills observed from 0.6—0.8 mi. The peaks on the graphs were used to determine the
relationship between roadkill location and roadway features such as vegetative
boundaries, stream crossings, hills, and curves. Using the road mileage corresponding to
the peaks, we observed roadway features by redriving the study route. Since seven years
elapsed between studies, historical aerial photographs of the study area were examined
for new construction and major vegetational change (Google Earth Historical Images
1/2012 and 3/2018).
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RESULTS

The three linear graphs depicting the distribution of the 178 roadkills are shown in
Figure 1. The number of peaks varies considerably between the 0.1 mi bins (Figure 1A; n
= 36) and 0.5 mi bins (Figure 1B; n = 6), and between the 0.5 mi bins (Figure 1B; n = 6)
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Figure 1. Line graphs depicting roadkill locations along portions of Highway 212, Lowe-Meriwether Road,
and Highway 441 in Baldwin Co., Georgia (see Boitet and Mead 2014). Observed roadkill locations are
plotted in A) 0.1 mi bins, B) 0.5 mi bins, and C) as a 0.3 mi running average. Symbols indicate the location
of road features: A = culvert associated with permanent or ephemeral stream, ¢ = curve, ® = hill, + = trash
dump, e = pasture/woodland transition, X = no obvious road feature.
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and the 0.3 mi running average (Figure 1C; n = 23). By averaging adjoining values, the
0.3 mi running average graph smooths out the 0.1 mi graph and reduced the number of
peaks by approximately 40% (Figure 1C and 1A). The location of roadside features
correspond most clearly with peaks in the running average graph compared with the 0.1
and 0.5 mi bins. In the 0.5 mi plot, of the six peaks evident in Figure 1B, only half
correspond with discernable influencing features. None of the peaks correspond with
culverts associated with permanent or ephemeral streams. By contrast, for the running
average plot, twenty-one of the twenty-three peaks align with discernable road features.
Ten of the hotspots were located where permanent or ephemeral streams crossed under
the roadway, three were associated with either side of a hilltop, three were at curves, two
were located near culverts on curves, one was located at a curve on a hill, one was located
at a small trash dump, one was located at a pasture/woodland edge, and two displayed no
noticeable roadside features. Comparisons of the aerial photographs of the study area
indicate three large tree-lots were harvested after the initial study and prior to the current
study. However, these areas do not correspond to hotspot peaks for which we saw no
obvious influencing road feature.

DISCUSSION

Previous studies have demonstrated the association of roadkill hotspots to
roadside features. Places where streams go under the roadway have been shown to be
primary areas of wildlife-vehicle collisions (Boitet and Mead 2014). Oversized culverts
have been used as mitigation techniques to reduce roadkills at these locations, however
Aresco (2005) found that most animals try to cross the road instead of using culverts.
Curves and hills are secondary factors leading to roadkill hotspots. These locations
prevent drivers from seeing animals in the road due to the limited line of sight, especially
in the evening and night hours. Likewise, some animals are more likely to be hit at the
bend of a curve, rather than before or after a curve (Clevenger et al. 2003). With the two
features combined, the assumption can be made that a curve and hill combination is
dangerous for wildlife.

Plotting the roadkill data in 0.1 mi bins produced the highest number of peaks.
However, this method appeared to produce many peaks in locations that do not correlate
directly with noticeable road or landscape features. This may be a reflection of a relatively
small number of roadkills spread over a relatively long length of road. Additionally,
roadkill occurrence may be higher on either side of a road feature, such as a stream or hill,
rather than directly at the feature. If this occurs, the graph would show two peaks, and
therefore two influencing features, when only one road feature is actually present. For
example, in Figure 1A, two peaks are evident at 1.0 mi and 1.2 mi. The top of a steep hill
is located in between at 1.1 mi. On this stretch of road, as vehicles crest the top of the hill
at night, their headlights are directed above the upcoming section of road, decreasing the
likelihood of detecting wildlife in the roadway.

Plotting the roadkill data in 0.5 mi bins greatly reduced the number of peaks.
However, it appeared to be too coarse of an analysis to pick up on the influence of road
features such as stream crossings, hills, and curves. Plotting the roadkill data in a 0.3 mi
running average produced a graph with the highest number of peaks that correspond with
influencing road features. This analysis illustrates that the running average is a good
technique to accurately and efficiently identify hotspot locations. No prior knowledge of
GIS or advanced statistics is needed to create a running average plot. Easily correlating
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roadkill hotspots with roadway features may help resource managers decide where to
implement mitigation techniques to decrease wildlife mortality.

ACKNOWLEDGEMENTS

Dennis Parmley, Heidi Mead, and Melony Mead provided helpful comments on
earlier drafts of this manuscript. This manuscript benefited from critical reviews by two
anonymous reviewers.

REFERENCES

Alexander, S.M., N.M. Waters, and P.C. Paquet. 2005. Traffic volume and highway
permeability for a mammalian community in the Canadian Rocky Mountains.
Canadian Geographer-Geographe Canadien, 49, 321-331. doi:/10.1016/S0968-
090X(00)00014-0.

Aresco, M.J. 2005. Mitigation measures to reduce highway mortality of turtles and other
herpetofauna at a north Florida lake. Journal of Wildlife Management, 69, 549—560.
doi:/10.2193/0022-541X(2005)069[0549:MMTRHM ]2.0.CO;2.

Boitet, E.R. and A.J. Mead. 2014. Application of GIS to a baseline survey of vertebrate
roadkills in Baldwin County, Georgia. Southeastern Naturalist, 13, 176—190. doi:
/10.1656/058.013.0117.

Caro, T.M., J.A. Shargel, and C.J. Stoner. 2000. Frequency of medium-sized mammal
road kills in an agricultural landscape in California. American Midland Naturalist,
144, 362—369. doi:/10.1674/0003-0031(2000)144[0362:FOMSMR [2.0.CO;2.

Clevenger, A.P., B. Chruszcz, and K.E. Gunson. 2001. Highway mitigation fencing reduces
wildlife-vehicle collisions. Wildlife Society Bulletin, 29, 646-653. doi:/10.2307
/37841091.

Coffin, A. 2007. From roadkill to road ecology: A review of the ecological effects of roads.
Journal of Transport Geography, 15, 396—406. doi:/10.1016/].jtrangeo.2006.11.006.

Conard, J.M. and P.S. Gipson. 2006. Spatial and seasonal variation in wildlife-vehicle
collisions. The Prairie Naturalist, 38, 251—258.

Cristoffer, C. 1991. Road mortalities of northern Florida vertebrates. Florida Scientist, 54,
65—67. https://www.jstor.org/stable/24320434.

de Carvalho, N.C., M.O. Bordignon, and J.T. Shapiro. 2014. Fast and furious: a look at the
death of animals on the highway MS-080, Southwestern Brazil. Theringia Série
Zoologia, 104, 43—49. doi:/10.1590/1678-4766201410414349.

Forman, R.T.T. and L.E. Alexander. 1998. Roads and their major ecological effects.
Annual Review of Ecology and Systematics, 29, 207—231. doi:/10.1146/annurev
.ecolsys.29.1.207.

Inbar, M. and R.T. Mayer. 1999. Spatio-temporal trends in armadillo diurnal activity and
road-kills in central Florida. Wildlife Society Bulletin, 27, 865—-872. https://www
Jjstor.org/stable/3784110.

Jaarsma, C.F., F. van Langevelde, and H. Botma. 2006. Flattened fauna and mitigation:
traffic victims related to road, traffic, vehicle, and species characteristics.
Transportation Research D, 11, 264—276. doi:/10.1016/].trd.2006.05.001.

Kanda, L.L., T.K. Fuller, and P.R. Sievert. 2006. Landscape associations of road-killed
Virginia opossums (Didelphis virginiana) in central Massachusetts. The American
Midland Naturalist, 156, 128—-134. https://www.jstor.org/stable/4094675.

Published by Digital Commons @ the Georgia Academy of Science, 2019


https://doi.org/10.1016/S0968-090X(00)00014-0
https://doi.org/10.1016/S0968-090X(00)00014-0
https://doi.org/10.1016/S0968-090X(00)00014-0
https://doi.org/10.1016/S0968-090X(00)00014-0
https://doi.org/10.2193/0022-541X(2005)069%5b0549:MMTRHM%5d2.0.CO;2
https://doi.org/10.2193/0022-541X(2005)069%5b0549:MMTRHM%5d2.0.CO;2
https://doi.org/10.1656/058.013.0117
https://doi.org/10.1656/058.013.0117
https://doi.org/10.1674/0003-0031(2000)144%5b0362:FOMSMR%5d2.0.CO;2
https://doi.org/10.1674/0003-0031(2000)144%5b0362:FOMSMR%5d2.0.CO;2
https://doi.org/10.2307/3784191
https://doi.org/10.2307/3784191
https://doi.org/10.2307/3784191
https://doi.org/10.2307/3784191
https://doi.org/10.1016/j.jtrangeo.2006.11.006
https://doi.org/10.1016/j.jtrangeo.2006.11.006
https://www.jstor.org/stable/24320434
https://www.jstor.org/stable/24320434
https://doi.org/10.1590/1678-4766201410414349
https://doi.org/10.1590/1678-4766201410414349
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://www.jstor.org/stable/3784110
https://www.jstor.org/stable/3784110
https://www.jstor.org/stable/3784110
https://www.jstor.org/stable/3784110
https://doi.org/10.1016/j.trd.2006.05.001
https://doi.org/10.1016/j.trd.2006.05.001
https://www.jstor.org/stable/4094675
https://www.jstor.org/stable/4094675

Georgia Journal of Science, Vol. 77 [2019], Art. 3

Langen, T.A., K.M. Ogden, and L.L. Schwarting. 2009. Predicting hot spots of
herpetofauna road mortality along highway networks. The Journal of Wildlife
Management, 73, 104—114. doi:/10.2193/2008-017.

Main, M.B. and G.M. Allen. 2002. Landscape and seasonal influences on roadkill of
wildlife in southwest Florida. Florida Scientist, 65, 149—158.

Malo, J.E., F. Suarez, and A. Diez. 2004. Can we mitigate animal-vehicle accidents using
predictive models? Journal of Applied Ecology, 41, 701—710. doi:/10.1111/].0021-
89001.2004.00929.X.

McShea, W., H. Underwood, and J. Rappole. 1997. The science of overabundance: deer
ecology and population management. Smithsonian Institution Press. Washington,
D.C., USA.

Neumann, W., G. Ericsson, H. Dettki, N. Bunnefeld, N.S. Keuler, D.P. Helmers, and V.C.
Radeloff. 2012. Difference in spatiotemporal patterns of wildlife road-crossings and
wildlife-vehicle collisions. Biological Conservation, 145, 70—78. doi:/10.1016/j.biocon
.2011.10.011.

Trombulak, S.C. and C.A. Frissell. 2000. Review of ecological effects of roads on
terrestrial and aquatic communities. Conservation Biology, 14, 18—30. doi:/10.1046
/j.1523-1739.2000.99084.X.

van Langevelde, F., C. van Dooremalen, and C.F. Jaarsma. 2009. Traffic mortality and
the role of minor roads. Journal of Environmental Management, 90, 660—667.
doi:/10.1016/j.jenvian.2007.09.003.

https://digitalcommons.gaacademy.org/gjs/vol77/iss2/3


https://doi.org/10.2193/2008-017
https://doi.org/10.2193/2008-017
https://doi.org/10.1111/j.0021-8901.2004.00929.x
https://doi.org/10.1111/j.0021-8901.2004.00929.x
https://doi.org/10.1111/j.0021-8901.2004.00929.x
https://doi.org/10.1111/j.0021-8901.2004.00929.x
https://doi.org/10.1016/j.biocon.2011.10.011
https://doi.org/10.1016/j.biocon.2011.10.011
https://doi.org/10.1016/j.biocon.2011.10.011
https://doi.org/10.1016/j.biocon.2011.10.011
https://doi.org/10.1046/j.1523-1739.2000.99084.x
https://doi.org/10.1046/j.1523-1739.2000.99084.x
https://doi.org/10.1046/j.1523-1739.2000.99084.x
https://doi.org/10.1046/j.1523-1739.2000.99084.x
https://doi.org/10.1016/j.jenvman.2007.09.003
https://doi.org/10.1016/j.jenvman.2007.09.003

	Georgia Journal of Science
	2019

	Identifying Roadkill Hotspots Using a Running Average
	Kori A. Ogletree
	Alfred J. Mead
	Evan R. Boitet
	Recommended Citation

	Identifying Roadkill Hotspots Using a Running Average
	Acknowledgements


	tmp.1554296422.pdf.bFXgc

