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Roadkill and landscapE scalEs on tHE califoRnian cEntRal coast

Jordi Puig (+34 948 425600 ext. 6496, jpbaguer@unav.es), University of Navarra, Department of 
Zoology and Ecology, E-31080 Pamplona, Fax: +34 948 425658  Spain

Joe R. McBride (jrm@nature.berkeley.edu), Michael G. Herrin (mikeherrin@berkeley.edu), and 
Trevor S. Arnold (trevarnold@yahoo.com), University of California, Berkeley, College of Natural 
Resources, Department of Environmental Science, Policy and Management, 137 Mulford Hall # 
3114, Berkeley, CA 94720-3114  USA

Abstract: Roadkill data have been analyzed in a 25.6 mile-long highway stretch in the Californian central coast, 
in search of distribution patterns. The highway stretch was broken up into 1/10 mile sections. Roadkill data were 
collected along the road, mapped, and analyzed together with surrounding landscape units and landscape features 
defined at three different scales, namely micro-, meso-, and macro-landscape scales.
Landscape and roadkill data were arranged in such a way as to allow numerous comparisons between them at each 
scale. Most analyses were done by analyzing the line of best fit in X-Y plots. Linear and logarithmic comparisons were 
made, and t-scores (<0.05) were used to determine statistical significance.
Trends in roadkill distribution along roads have been found at different scales. Roadkill distribution patterns related to 
landscape features have been identified through statistical analysis even where geographical cluster does not exist. 
In addition the statistical analysis, new roadkill evidence found during the underpass inventory suggested the exis-
tence of an important deer pathway, operating at a larger scale than the one used in this study. Should the pathway be 
confirmed as such by future specific monitoring, efficient corrective measures could be successfully determined and 
implemented.

Introduction

The multiple effects of roads on the surrounding environment have been studied in depth (e.g. Forman and Alexander, 
1998, Jackson, 2000). Focusing on landscape fragmentation and roadkill incidence, a wide range of topics have been 
addressed, such as (a) the effects of landscape fragmentation on endangered species and biodiversity (e.g., Clevenger 
et al., 2003), (b) habitat fragmentation and habitat loss (e.g. Forman 2000, Forman and Deblinger 2000), (c) road 
safety (e.g. Groot-Bruinderink and Hazebroek, 1996, Romin and Bissonette, 1996), (d) the barrier effect on wildlife (e.g. 
Lovallo and Anderson, 1996, Gibbs, 1998), and (e) the effectiveness of wildlife under- and overpassages (e.g. Foster 
and Humphrey, 1995, Rodríguez et al., 1996, Clevenger and Waltho, 2000).

Roadkill clusters on existing roads (Serrano et al., 2002) provide data of particular interest. They point to dangerous 
driving points along roads and relevant wildlife pathways across a given landscape. When roadkill clusters exist, 
corrective efforts to reduce environmental impact should be stressed there. Wildlife passages are the main preventive/
corrective measure currently being implemented on fenced roads (e.g. Feldhamer et al., 1986, Romin and Bissonette, 
1996). Fencing should ensure road safety without preventing road permeability to wildlife, by means of appropriate 
wildlife passages and other permeating structures combined together. 

The aim of this study is to determine the relationship between the location of roadkills and landscape features at differ-
ent scales, and to ascertain if there are any roadkill clusters along the road. Should roadkill clusters exist, they would 
allow the successful implementation of corrective measures to reduce roadkill rates. Should roadkill location and 
landscape features be related to one another, the accuracy and effectiveness of environmental impact assessments of 
planned roads might be improved in the future with regard to fragmentation and wildlife dynamics.

Study Area

The road stretch under study connects Petaluma with Bodega Bay (Sonoma County, California, USA). It runs from east 
to west across a topographical gap in the north-south coastal range, where hilltop heights are significantly lower and 
woodland vegetation is scarcer than in the mountains to the north and south of the gap (figure 1). (Note: all figures are 
presented at the end of this paper.) The absence of rain, mild temperatures, and frequent coastal fog and inland winds 
are normal in this area during the long summer period. The rolling landscape is greatly dominated by fenced grass-
land, supporting diverse grazing intensity, and dotted by farms, housing and watering ponds. Perennial and seasonal 
streams run along most of the scarce spontaneous woody vegetation. Eucalyptus and pine windbreaks and groves 
provide wind shelter to some settlements. A coastal scrub area is located close to Bodega Bay. Three low density 
suburban areas may be identified along the road. Figures 2 to 7 offer an overview of the area.

Roadkill and Landscape Data Collection

327 roadkills were registered between October 1998 and July 2002. Subsequently, the underlying relationship 
between roadkill location and landscape structure was examined at three different scales, namely micro-, meso- and 
macro-landscape scales. The 25.6 mile-long road stretch under study was broken up into 1/10 mile sections. Each one 
of the sections was characterised according to the surrounding landscape at every scale as follows.

Four types of macro-landscape units were defined: suburban, valley grassland, ridge grassland and coastal scrub. 
Valley grassland (figures 3, 7) is to be found mostly on near-flat land. Ridge grassland is usually found on rolling hills, 
resulting in a ridge network (figure 4). Coastal scrub (figure 6) represents an area of scattered spontaneous vegetation 
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by the coastline, including scattered coyote brush (Baccharis pilularis), lupine (Lupinus albifrons), and poison oak 
(Toxicodendron diversilobum). Each one of the 256 sections was labelled as belonging to one of these units.

Selected meso-landscape features were (1) ridges, (2) ponds, (3) windbreaks, (4) groves, (5) ephemeral streams, and 
(6) perennial streams. They were identified and located on USGS maps. The distance between each of the 256 sec-
tions and each of the nearest meso-landscape features was measured to compare the roadkill location data. Ponds 
(figure 3), ephemeral and perennial channels were included in the study because of their potential to provide a source 
of food, water and shelter. Ephemeral and perennial channels were also studied because of their potential use as 
wildlife corridors along with ridges. Groves and windbreaks (figure 7) were considered because of their potential to 
provide denning sites, travel shelter and a food source. 

Micro-landscape was defined as the area comprising fifteen feet from the border of the road surface to the land inte-
rior. Roughly, the entire road is lined on both sides by various types of fences. As they prevent cattle grazing, a peculiar 
micro-environment is created, wherein landscape features may differ from the immediate surroundings (figure 4). The 
micro-landscape typologies present within these spaces were: (1) groves (2) windbreaks, (3) driveway accesses, (4) 
shrubs and blackberry, (5) riparian environment, (6) channels, and (7) culverts. Channels, riparian vegetation, groves 
and windbreaks were taken into consideration again at this scale when they extend to the narrow strip next to the road. 
Each of the 256 sections of the road was characterized either as having or not having each one of these micro-land-
scape features. Channels were identified as any place where a perennial or ephemeral stream lacking shrubs and/or 
trees crossed the road. Driveway accesses were considered given their potential for being used as travel corridors, 
channeling animals to the main road, and also by their potential to attract scavengers looking for garbage. Areas 
containing shrubs and blackberry were considered because of their potential to provide shelter and a source of food. 
Culverts were considered given their potential to provide denning sites, crossing passages, and temporary shelters. 

Analysis and Findings

The mapping of roadkills along the road did not revealed geographical clustering, the kind of evidence required to 
quickly prompt road managers to apply preventive and corrective measures. 

Data were subsequently analyzed with the JMPIN statistics program (Distributed by Duxbury Press). Data were ar-
ranged in such a way as to allow numerous comparisons between roadkills and landscape data. Most analyses were 
done by analyzing the line of best fit in X-Y plots. Linear and logarithmic comparisons were made utilizing the JMPIN 
program and t-scores (<0.05) were used to determine statistical significance.

Some data from the meso-landscape level were removed from the analysis. Because this part of the analysis was 
based on  distance between land features and road sections, rather than the presence or absence of a feature for 
every given 1/10 mile section, data would be excluded in cases where the meso-landscape feature was more than 0.5 
miles  from the road. This was particularly important for ridges and ponds as in some cases the closest feature was 
several miles away and, hence, would have little impact on roadkill patterns. Interestingly the removal of this data only 
had a slight impact on our findings, and most of our statistically significant findings were for the meso-landscape level.
  
The relationship between opossum (Didelphis virginiana) roadkills and ponds at a meso-landscape level was logarithmi-
cally statistically significant (t-score = 0.0026). There were more kills when ponds were located closer to the road, and 
this trend exponentially drops off as ponds are farther away. Regarding stripped skunk (Mephitis mephitis) and raccoon 
(Procyon lotor) analyzed at a meso-landscape level, there were fewer kills where windbreaks are close to the road 
(t-score = 0.0104). There were also more skunk and raccoon kills when ridges were close to the road - logarithmically 
significant t-score (t = 0.0497) exponentially dropping of as ridges are farther away.

Finally, there were more total kills in micro-landscape riparian zones than in other zones (t-score = 0.0337). This was 
found to be more so for opossums than skunks and raccoons. In addition to the data collected along the road and the 
results confirmed by the statistical analyses, new data show a relationship between the landscape outlay and roadkill 
location. Several deer (Odocoileus columbianus) carcasses were found off the road around the tenth mile section 25.0, 
in the coastal scrub macro-landscape unit  (Figures. 5, 8), while walking alongside the entire length of the road to map 
underpasses. This finding suggests the existence of a deer pathway across the highway under study at this point.

Discussion

As some trends in roadkill distribution have been found at micro and meso-landscape scales, increased data collection 
presently under way may provide extended results.

The lack of geographical roadkill clusters may be due to the relative homogeneity of the grassland landscape under 
study. As the relationship between landscape features and roadkill distribution has been found, roadkill clustering 
might be identified not in geographical areas, but in vectorial spaces which could be found through multivariable 
analysis covering a greater amount of data, which are currently being collected.

Opossum, raccoon and skunk display high roadkill rates, adding up to the 204 of the total 327 roadkill events. Is it due 
to the size of these species’ populations around the highway, or to their scavenger behaviour, which would attract them 
to the road? May these species have learnt that this road (or roads in general) is a good place to feed on carcasses? 
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The fact that we have never met two roadkills in the same place and time is not enough to deny a possible attraction 
mechanism for scavengers to and along the highway. In any case, roadkill data must be analyzed with the species’ 
behaviour in mind when inferences on populations are made from roadkill data. 

The deer carcasses found off the road in the tenth mile section 25.0 reminds us that the data collection method 
overlooks some roadkills. On the other hand, some aspects of landscape dynamics may be revealed by a geographi-
cal analysis at a larger scale, complementary to those revealed by the statistical analysis already conducted. Figure 
1 shows that the road runs across a topographic and vegetation gap in the coastal mountain range. Some riparian 
woodland remains across the gap, which is likely to support a richer wildlife activity than the grassland, as it provides 
shelter, food, and fresh water to wildlife. A particular riparian woodland leads directly southward towards the road (Figs. 
1, 5). Its intersection with the road marks the area where the carcasses have been found. So the streambed seems to 
be playing a corridor role, at a larger scale than the ones intended in this study. Fencing and wider underpasses should 
be targeted at this point to reduce the number of collisions, if findings are confirmed by future studies undertaken to 
prove this hypothesis.

The absence of roadkill data at some points along the road might prove also enlightening in understanding wildlife 
dynamics across roads.

Conclusions

Trends in roadkill distribution along roads have been found at different scales.

Roadkill distribution patterns related to landscape features have been identified through statistical analysis even 
where geographical cluster does not exist. 

The use of maps and geographic analysis to interpret the recorded data proves to be a necessary tool and it supple-
ments the statistical analysis. 

Regarding the carcasses encountered off the road around the tenth of mile section 25.0, they underline the need to 
confirm the existence of landscape dynamics mechanisms for deer at larger scales than the ones proposed by this 
study from the outset. Moreover, if the high incidence of unrecorded roadkills in this spot is confirmed, it would require 
roadkill prevention efforts to be concentrated on this particular stretch of the road.

Preliminary studies as the one conducted here are recommended to outline the topics that should be stressed in future 
research. They would enable the on-going design of future research to be adjusted accordingly. 
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Figures

Figure 1. Study area. The road under study (unbroken line) runs across a topographical gap. Woodland and scrub 
patches (drawn as dotted shapes) are almost absent across the gap as well. A particular scrub unit reaches the 

road at 25.0 tenth of mile, close to Bodega Bay.

Figure 2. Low density suburban unit.
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Figure 3. Valley grassland unit, and one of the ponds to water cattle.

Figure 4. Ridge grassland unit. See the narrow bushy strip between road and fence, defining a 
particular micro-landscape.

Figure 5. Coastal scrub unit, and stream crossing underneath the road. Several deer carcasses were found off 
the road around this point, a possible pathway for deer and other wildlife.
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Figure 6. Coastal scrub next to the stream shown in Figure 4. The steepness of the slopes reinforce the possible 
pathway function of the stream, funneling wildlife towards it.

Figure 7. Valley grassland unit and windbreaks

Figure 8. Example of a large concrete culvert located within tenth mile section 25.0.  Dimension are roughly 4 x 
20 x 25 ft.  During dry seasons culvert are utilized as underpasses by animals, as indicated by deer and raccoon 

tracks.  A large female deer carcass was located on the left side of the road’s shoulder (out of view). Another 
small deer carcass was discovered in the bush to the left.

 

 

 




