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Abstract

Roads can act as barriers to animal movement through mortality during crossing

attempts or behavioral avoidance. This barrier effect has negative demographic

and genetic consequences that can ultimately result in local or regional extinction.

Here we use radio-telemetry data on three terrestrial vertebrates (eastern massa-

sauga Sistrurus catenatus, eastern box turtle Terrapene carolina and ornate box

turtle Terrapene ornata) to test whether roads acted as barriers to movement.

Specifically, we test whether individuals avoided crossing roads by comparing the

number of observed crossings with the number of road crossings predicted by

randomizations of individual movement paths. All species crossed roads signifi-

cantly less often than predicted by chance, indicating strong road avoidance.

Results of this study showing behavioral avoidance and previous studies on road

mortality indicate that roads are strong barriers to these species. High mortality

during crossing attempts would select for road avoidance, reducing the number of

individuals killed on roads over time but leading to genetically partitioned

subpopulations due to a lack of gene flow. In species that are long-lived and late-

maturing, negative genetic effects might not be observable over short time-scales,

thus placing populations at high risk of extinction because of a failure to detect an

incrementally worsening problem. Formulating successful management strategies

for many species in decline will require integrating data on road mortality, animal

behavior and population genetics in order to understand more clearly the barrier

effect of roads.

Introduction

Fragmented landscapes often restrict animals to suboptimal

patches surrounded by unsuitable habitats and roads

(Mader, 1984; Saunders, Hobbs & Margules, 1991; Andrén,

1994). Roads negatively affect wildlife, both directly, via

habitat loss and vehicular mortality, and indirectly, by

population fragmentation and isolation (Forman & Alex-

ander, 1998; Trombulak & Frissell, 2000; Spellerberg, 2002;

Forman et al., 2003). The demographic and genetic con-

sequences of increased mortality and isolation lead to

population declines that may ultimately result in extinction

(Forman et al., 2003). Many terrestrial vertebrates are

experiencing global declines (Gibbons et al., 2000; Ceballos

& Ehrlich, 2002; Gaston, Blackburn & Goldewijk, 2003;

Stuart et al., 2004) and road effects are likely a contributing

factor. Certain ecological and life history traits make some

species more susceptible to the negative effects of roads

(Forman et al., 2003; Fahrig, 2007). For example, measur-

able demographic consequences of road mortality should be

apparent in species with life histories characterized by low

reproductive rate and low adult mortality (e.g. most turtles,

crocodilians and many squamate reptiles). Road mortality

causes skewed adult sex ratios in turtles (Steen & Gibbs,

2004; Aresco, 2005; Gibbs & Steen, 2005; Steen et al., 2006)

and decreased abundance in snakes (Rudolph et al., 1999;

Kjoss & Litvaitis, 2001).

Roads effectively fragment populations when they act as

barriers to animal movement either through mortality dur-

ing crossing attempts or behavioral avoidance (Anderson,

2002; Forman et al., 2003). Although a few animals have

been shown to use roads as movement corridors (e.g. cane

toads: Brown et al., 2006; wolves: Forman et al., 2003),

roads are barriers to movement in a diversity of taxa such as

grizzly bears (Waller & Servheen, 2005), caribou (Dyer

et al., 2002), voles and mice (Mader, 1984; McGregor,

Bender & Fahrig, 2008), hedgehogs (Rondinini & Don-

caster, 2002), salamanders (Marsh et al., 2005), frogs (Vos

& Chardon, 1998), lizards (Koenig, Shine & Shea, 2001),

snails (Baur & Baur, 1990), beetles (Keller & Largiadér,

2003) and bumblebees (Bhattacharya, Primack & Gerwein,

2003). Mortality during road crossings is well-documented

in many vertebrate taxa (Lodé, 2000; Forman et al., 2003;

Shepard et al., 2008), but studies of behavioral avoidance
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are rare. One approach to test for avoidance has been to

observe behavioral responses of animals when they encoun-

ter roads. For example, experiments have shown that many

snakes, particularly smaller species, avoid crossing roads

during staged encounters (Andrews & Gibbons, 2005). Such

studies are often based on one or two road encounters per

individual and observer interference may be a confounding

variable. Radio-telemetry is a more direct method for

establishing animal movement patterns and allows data to

be collected over extended time periods while minimizing

observer interference. Comparing empirical road crossing

data with road crossings predicted by randomizations of

movement paths using GIS software is a more powerful

method to test for road avoidance. Variations of this

approach have shown that Australian blue-tongued skinks

Tiliqua scincoides (Koenig et al., 2001), hedgehogs Erinaceus

europaeus (Rondinini & Doncaster, 2002) and woodland

caribou Rangifer tarandus (Dyer et al., 2002) avoided cross-

ing roads, whereas black ratsnakes Pantherophis obsoletus

crossed freely (Row, Blouin-Demers &Weatherhead, 2007).

Whether roads act as barriers is largely unknown for

most taxa even though such information seems critical in

developing species management programs, especially for

declining populations. Here we use radio-telemetry data on

terrestrial vertebrates from two major clades (squamates

and turtles) with disparate ecologies to determine whether

roads were barriers to movement. Specifically, we test

whether individuals avoided crossing roads by comparing

the number of observed road crossings to the number of

road crossings predicted by randomizations of each indivi-

dual’s movement path. Our results will be directly applicable

to developing species management plans and should serve as

a model for researchers interested in the effects of roads on

wildlife in human-dominated landscapes.

Materials and methods

Between April 2000 and November 2002, we tracked 40

radio-implanted eastern massasauga rattlesnakes Sistrurus

catenatus (Viperidae) for a total of 6347 locations (mean

number of locations per individual=158.7; Dreslik, 2005),

and between May and October 2002, we tracked seven

radio-equipped eastern box turtles Terrapene carolina (Emy-

didae) and eight radio-equipped ornate box turtles Terra-

pene ornata for a total of 1168 locations (mean number of

locations per individual=93.9 for T. carolina and 63.9 for

T. ornata; Kuhns, 2004). With few exceptions, we tracked all

individuals once daily between 07:00 and 21:00 h. Although

we cannot completely rule out the possibility that an

individual crossed a road after we tracked it one day and

then returned before we tracked it again the next day, the

probability that individuals were crossing multiple times

(always in multiples of two) with high enough frequency to

impact our results and we failed to detect such movements is

very small considering the time span that we tracked most

individuals (average of 2–5months), the variation in the

time of day that we tracked, and the relatively low mobility

of the study taxa (mean distance moved per day=12.3m for

S. catenatus, 20m for T. carolina, and 29m for T. ornata;

Kuhns, 2004; Dreslik, 2005). We recorded GPS coordinates

(UTM NAD83) at each individual’s location using a

Garmins 12XL GPS unit with waypoint averaging. We

determined the sex and measured snout–vent length (SVL)

of all snakes and carapace length (CL) of all turtles before

beginning radio-telemetry.

We conducted our radio-telemetry study at Carlyle Lake

(381370N, 891210W; Fig. 1), in south-central Illinois, USA.

Carlyle Lake, created in 1967 by impounding the Kaskaskia

River, is the largest reservoir in Illinois at c. 10 500 ha and is

surrounded by c. 4500 ha of protected land consisting of

degraded prairie, wetlands and bottomland and upland

forest. The study area is situated in a larger agricultural

landscape and is a popular tourism/recreation area, receiv-

ing approximately three million visitors annually (Shepard

et al., 2008). Carlyle Lake is home to the largest known

Illinois population of S. catenatus, a species that has

declined across most of its eastern range and now occurs in

just a few isolated populations in most states (Szymanski,

1998). Sistrurus catenatus has legal protection at the state/

provincial level throughout its eastern range and is currently

a candidate for federal protection in the USA (Szymanski,

1998; US Fish &Wildlife Service, 1999). Carlyle Lake is also

home to a large population of T. carolina and a smaller

population of T. ornata, two species commonly found dead-

on-the-road (DOR) throughout their range (Dodd, Enge &

Stuart, 1989; Shepard et al., 2008) and reported to be

declining in some regions (Stickel, 1978; Hall, Henry &

Bunck, 1999; Dodd, 2001). Habitat for these three species

at Carlyle Lake is largely restricted to a narrow band of

lands along the southern periphery of the lake managed by

the Illinois Department of Natural Resources (Eldon Hazlet

and South Shore State Parks) and the US Army Corps of

Engineers (e.g. Dam East, Dam West, Hawn and Coles

Creek Access/Recreation Areas; Fig. 1). The two species of

Terrapene were studied only in South Shore State Park

whereas S. catenatus was studied at all of the above listed

areas. Habitats within all study areas were similar (Dreslik,

2005) and all roads were similar two-lane paved roads with

c. 4m of mowed grass on each side. Habitats sometimes

differed on opposite sides of the road, but were the same on

both sides roughly 80% of the roadway in representative

areas in the study sites (D. B. Shepard, unpubl. data). All

three species were observed using all habitat types (Kuhns,

2004; Dreslik, 2005).

Data analysis

We entered GPS locations into Arc-View 3.2a and plotted

the observed movement paths of all radio-tracked indivi-

duals using the Animal Movement extension (Hooge &

Eichenlaub, 1997). Using the Geoprocessing Wizard in

Arc-View, we clipped each individual’s observed movement

path with a shape file of local roads to determine the number

of times each individual crossed a road during the study.

Next, we generated random walk paths for each individual

using the site fidelity test in the Animal Movement extension
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(Hooge & Eichenlaub, 1997). The site fidelity test is a Monte

Carlo simulation that starts with an individual’s initial

location and generates a random walk path using the

observed distance moved between each tracking location

while randomizing the direction of movement from each

point (Hooge & Eichenlaub, 1997). For each individual, we

conducted 1000 random walk paths, counted the number of

times that each path crossed a road, and built a distribution

of the number of predicted road crossings (Fig. 2). If an

individual significantly avoided roads, then the number of

observed road crossings should fall below 95% of the

distribution of predicted crossings (i.e. one-tailed P�0.05)

generated from the individual’s simulated movement paths

(Fig. 2).

Individuals are typically used as the sampling unit in most

studies, which assumes that the responses of individuals are

independent of one another. This assumption may not be

upheld in all cases, and will depend on the organism and

question under study. For example, in social species, the

movement of one individual may be dependent on the

movement of other individuals in the group. Both S.

catenatus and Terrapene are solitary and do not interact

with conspecifics, except for occasional brief interactions

during the mating season (Dodd, 2001; Jellen et al., 2007).

Therefore, movements of individuals in these species are

largely independent from movements of other conspecifics.

To determine whether a species significantly avoided cross-

ing roads, we conducted a paired t-test using the median

predicted number of road crossings and the observed

number of crossings for each individual. If a species sig-

nificantly avoided roads, the mean difference (predicted

minus observed) should be positive with P � 0.05. Because

many of the individual predicted distributions were skewed,

we used the median rather than the mean predicted number

of crossings because it is less sensitive to extreme observa-

tions (Zar, 1999).

Lastly, we tested for differences in the predicted number

of road crossings among sex/reproductive states in our study

species. Because the number of telemetry locations and body

size might influence the number of predicted crossings, we

conducted an ANCOVA with sex/reproductive state as the

class, the median number of predicted road crossings as the

dependent variable and the number of locations and SVL

(snakes) or CL (turtles) as covariates. We used three sex/

reproductive states (male, non-gravid female, gravid female)

for S. catenatus and included species (T. carolina, T. ornata)

as an additional class variable to test for differences between

species of box turtles. The number of locations and body

size variables were log10 transformed before analyses. We

tested for class by covariate interactions but removed them

from the final model if they were not significant. Results

were considered statistically significant at P�0.05. We

present means� SE.

Results

Three of 40 radio-tracked S. catenatus crossed or attempted

to cross roads a total of four times (Table 1); one male was

killed during crossing. Nearly all individuals crossed roads

fewer times than expected by chance, but few individual

results were significant (most P values 40.05; Table 1).

Considering all individuals together, S. catenatus crossed

roads significantly less often than predicted (mean

difference=2.93� 0.18, t39=16.21, Po0.001). The num-

ber of predicted road crossings was unrelated to the number

of telemetry locations (F1,35=0.24, P=0.88) and SVL

Figure 1 Map of Carlyle Lake, Illinois, showing

the main study areas: Eldon Hazlet State Park,

South Shore State Park, Coles Creek Access

Area (1), Hawn Access Area (2), and Dam East

and West Recreation Areas (3).
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(F1,35=0.19, P=0.67), and did not significantly differ

among males, non-gravid females and gravid females

(F2,35=0.86, P=0.43).

One of seven radio-tracked T. carolina and zero of eight

T. ornata crossed a road (Table 1). Thirteen of 15 individuals

crossed roads fewer times than expected by chance, but most

individual results were not significant (most P values 40.05;

Table 1). Considering all conspecific individuals together,

both T. carolina (mean difference=2.57� 1.07, t6=2.41,

P=0.05) and T. ornata (mean difference=3.00� 0.63,

t7=4.79, P=0.002) crossed roads significantly less often

than predicted. The number of predicted road crossings was

not significantly related to the number of locations

(F1,10=3.68, P=0.08), but was positively related to CL

(F1,10=18.56, P=0.002). Terrapene ornata had a signifi-

cantly higher number of predicted road crossings than

T. carolina (F1,10=5.78, P=0.04), and male and female

turtles did not differ in predicted road crossings

(F1,10=0.60, P=0.81).

Discussion

Our results demonstrate that three species of terrestrial

vertebrates (a rattlesnake and two turtle species) avoided

crossing roads. Individuals in a population will naturally

vary in behavioral traits such as movement rate and the

propensity to cross roads (Fraser et al., 2001; Sih, Bell &

Johnson, 2004). If this variation is heritable and the poten-

tial cost of crossing (i.e. high probability of mortality)

outweighs any benefit gained by crossing, then selection will

favor those individuals that avoid roads (Fig. 3). Over time,

this selective pressure would reduce mortality on roads that

bisect habitats and lead to populations adapted to avoid

roads. However, failure to cross roads might constrain mate

choice or even result in individuals not breeding in some

years. Road avoidance would then lead to stable but

genetically partitioned subpopulations giving the impres-

sion that the population as a whole is stable when in fact

each subpopulation experiences inbreeding depression. Ge-

netic differentiation of subpopulations on opposite sides of

the road has been found in some short-lived and fast-

maturing species (e.g. frogs, voles, beetles) because the

intervening roads were barriers to gene flow (Reh & Seitz,

1990; Gerlach & Musolf, 2000; Keller, Nentwig &

Largiadér, 2004). Over time, inbreeding depression will

negatively affect fitness of individuals in small divided

subpopulations, and the benefits to individuals crossing

roads will increase (e.g. fecundity, offspring sired), changing

the behavior (stay or cross) that selection favors (Fig. 3).

However, by the time this happens, the population may

already be headed toward extinction. In species that are

long-lived and late-maturing, such as turtles and rattle-

snakes (Zug, Vitt & Caldwell, 2001), these effects might not

be observable within the lifetime of a researcher, thus

placing populations at high risk because of a failure to

detect an incrementally worsening problem.

By examining results from our studies and those from

other studies, it becomes clear that integrating ecological,

behavioral and genetic data are necessary to understand the

barrier effects of roads on populations. In a population

genetics study on S. catenatus at Carlyle Lake, Andre (2003)

found that the three subpopulations under study (South

Shore State Park, Eldon Hazlet State Park and Dam East/

West Recreation Areas; Fig. 1) all had significantly low

heterozygosity and the Eldon Hazlet and South Shore State

Park subpopulations had high levels of inbreeding. Disper-

sal among the three subpopulations appeared severely

limited with an average estimate of only 0.6 migrants per

generation (Andre, 2003). At least one migrant per genera-

tion among subpopulations is generally needed to ade-

quately conserve genetic diversity while allowing for

sufficient differentiation among subpopulations (Mills &

Allendorf, 1996; but see also Vucetich & Waite, 2000). A

time lag often exists between when habitat degradation

occurs and when its full effects are evident (Forman et al.,

Figure 2 Map showing one individual’s observed movement path

(bold) and five of the random movement paths (dashed) based on

simulations (a), and the distribution of the predicted number of road

crossings for the individual based on 1000 random movement paths

(b). The arrow in (b) indicates the observed number of crossings (0)

and the vertical dashed line indicates the dividing point in the distribu-

tion used to calculate probabilities. A P value � 0.05 indicates that

495% of the distribution is above the observed number of crossings

and the individual significantly avoided crossing roads.
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Table 1 Summary data for the number of predicted road crossings based on 1000 random movement paths for each individual and the observed

number of road crossings based on radio-telemetry data for 40 Sistrurus catenatus, seven Terrapene carolina and eight Terrapene ornata from

Carlyle Lake, Illinois, for 2000–2002

Species ID Sex

SVL or

CL (mm)

No. of

locations

Predicted crossings

Median Range

Observed

crossings

Prob �
observed

Sistrurus catenatus 13 Fng 640 206 2 0–13 0 0.221

24 Fng 620 184 3 0–23 0 0.084

41 Fng 490 150 4 0–29 0 0.043

52 Fng 420 203 4 0–20 0 0.022

54 Fng 560 134 3 0–17 0 0.117

80 Fng 570 77 3 0–18 0 0.052

195 Fng 590 156 3 0–12 0 0.079

231 Fng 590 110 2 0–11 0 0.258

246 Fng 620 62 4 0–14 0 0.112

298 Fng 560 56 2 0–12 1 0.383

63 Fg 550 53 2 0–16 0 0.238

131 Fg 560 168 0 0–13 0 0.655

132 Fg 630 192 2 0–13 0 0.200

162 Fg 590 307 4 0–22 0 0.030

174 Fg 580 136 3 0–16 0 0.069

306 Fg 580 136 3 0–16 0 0.184

321 Fg 580 147 2 0–14 0 0.164

324 Fg 570 124 4 0–22 0 0.060

335 Fg 600 91 4 0–16 0 0.088

34 M 500 102 3 0–17 0 0.202

39 M 570 87 2 0–18 0 0.365

50 M 560 77 2 0–10 0 0.225

51 M 600 227 2 0–31 0 0.082

68 M 550 122 4 0–27 0 0.054

74 M 500 40 2 0–10 1 0.467

76 M 560 535 5 0–35 0 0.317

81 M 500 89 4 0–20 0 0.041

86 M 600 88 4 0–15 0 0.076

91 M 540 189 2 0–27 0 0.188

95 M 670 193 3 0–16 0 0.104

96 M 590 184 4 0–19 0 0.018

111 M 670 228 4 0–27 0 0.027

137 M 720 168 2 0–19 0 0.204

151 M 730 350 4 0–27 0 0.057

182 M 570 155 4 0–28 0 0.073

186 M 640 168 4 0–22 0 0.085

245 M 670 70 4 0–14 0 0.060

270 M 680 193 3 0–20 2 0.460

303 M 700 194 3 0–32 0 0.186

317 M 600 196 2 0–17 0 0.168

Terrapene carolina TC1 F 132 70 1 0–18 1 0.514

TC2 F 132 106 2 0–16 0 0.309

TC3 F 151 15 0 0–09 0 0.507

TC4 F 138 155 6 0–30 0 0.069

TC5 F 144 72 2 0–15 0 0.223

TC6 M 130 74 1 0–13 0 0.394

TC7 M 132 165 7 0–33 0 0.015

Terrapene ornata TO1 F 118 75 5 0–18 0 0.020

TO2 F 125 30 3 0–14 0 0.135

TO3 F 113 30 2 0–12 0 0.249

TO4 F 109 100 3 0–20 0 0.099

TO5 F 126 14 1 0–09 0 0.410

TO6 M 119 163 6 0–25 0 0.053

TO7 M 121 42 3 0–11 0 0.103

TO8 M 117 57 1 0–15 0 0.342

Fng, non-gravid female; Fg, gravid female; F, female; M, male; SVL, snout–vent length (snakes); CL, carapace length (turtles); Prob � observed,

the proportion of the distribution generated from the 1000 randomizations at or below the observed number of crossings.
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2003). Although Carlyle Lake is only 40 years old, genetic

effects of isolation are already apparent among subpopula-

tions. Gibbs et al. (1997) found a high level of genetic

structure in populations of S. catenatus in Ontario, Ohio

and New York, even between geographically proximate

localities, and suggested that this may simply be a character-

istic of S. catenatus, possibly due to philopatry associated

with hibernacula. Whether the genetic effects of isolation

observed at Carlyle Lake are due to a lack of dispersal

among subpopulations since the lake’s creation or are more

of a natural characteristic of the species is unknown and

warrants further study. Because both species of Terrapene

are longer-lived and later-maturing than S. catenatus (Ernst,

Lovich & Barbour, 1994; Dreslik, 2005), the genetic effects

of reduced population size and isolation will take longer to

become apparent (Kuo & Janzen, 2004). Further, the

existence of transients in populations of Terrapene may

promote gene flow, although they appear to be rare (o1%

of the population; Kiester, Schwartz & Schwartz, 1982;

Dodd, 2001).

Our study involved only adult individuals and it is

unknown whether younger age classes would show a similar

avoidance of roads. Juveniles are the dispersers in many

species and it is possible that this age class could maintain

gene flow among subpopulations. Neonate S. catenatus at

Carlyle Lake disperse from their birthing sites to forage and

are often found DOR in late summer (Shepard et al., 2004,

2008). However, after 9 years of mark–recapture, we have

never recaptured an individual outside the subpopulation in

which it was born. Neonate S. catenatus in Pennsylvania

moved away from their birthing sites an average of only

83m in 42 days (Jellen & Kowalski, 2007). Results from

population genetic analyses (Gibbs et al., 1997; Andre,

2003) also suggest that neonate S. catenatus are not any

more successful at dispersing than adults. Little is known

about the dispersal abilities of juvenile Terrapene (Dodd,

2001), but they should have sufficient opportunity given the

longer time to sexual maturity in these species (�10 years;
Ernst et al., 1994).

Depending on species-specific intrinsic factors (e.g. diel

activity cycle, breeding season, mating system, foraging

mode, physiology), sexes may differ in movement rate and

thus, their propensity to cross roads (Bonnet, Naulleau &

Shine, 1999; Carr & Fahrig, 2001; Roe, Gibson & Kings-

bury, 2006). However, we found no significant differences in

the number of predicted road crossings among sex/repro-

ductive states in any of our species. Road mortality of S.

catenatus and T. carolina at Carlyle Lake was male-biased

(Shepard et al., 2008), indicating that males of these species

are more likely to attempt road crossings. Our results for

Terrapene also predicted that larger individuals would cross

roads more frequently, but we lack size data on DOR

Terrapene to determine if larger individuals attempted more

crossings. Further, T. ornata was predicted to make more

road crossings than T. carolina; however, DOR T. carolina

outnumbered DOR T. ornata 28:1 at Carlyle Lake (Shepard

et al., 2008). This could indicate thatT. ornata has a stronger

avoidance of roads (i.e. higher predicted number of cross-

ings, but lower number of attempts) than T. carolina, but the

result is more likely because T. carolina outnumbers

T. ornata 10:1 in our study area (Kuhns, 2004).

At first glance, our results showing that S. catenatus and

Terrapene avoided roads and the results of our previous

study (Shepard et al., 2008) showing that these species are

frequently killed crossing roads around Carlyle Lake may

appear to conflict. However, because roads can be barriers

through mortality during crossing or behavioral avoidance,

these results provide evidence that roads are strong barriers

to movement in these species. Our combined results indicate

that individuals avoid crossing roads and that they have a

high probability of being killed during rarely attempted

crossings. One of our four observed road crossings in

S. catenatus resulted in mortality. Rattlesnakes and turtles

are slow moving, which increases the probability of being

killed while crossing roads (Hels & Buchwald, 2001; An-

drews & Gibbons, 2005).

The level of road mortality (Shepard et al., 2008) and

negative genetic consequences of isolation that are apparent

among subpopulations of S. catenatus at Carlyle Lake

(Andre, 2003) are of particular concern for conservation

efforts. Continued monitoring, including mark–recapture

and population genetics work, is needed to assess the health

of existing subpopulations and determine if more aggressive

management actions (e.g. reciprocal transplantations, selec-

tive road removal) are warranted. In addition, measures to

reduce road mortality and increase the permeability of roads

(e.g. wildlife underpass systems, seasonal road closures) may

be needed to ensure long-term viability of these populations.

Thus far, the barrier effect of roads remains largely

underappreciated and many questions remain. The cues

(e.g. traffic noise, structural aspects) used by animals that

cause avoidance of roads are often unknown, but identifying

them is essential to formulate successful management plans

aiming to increase permeability of these barriers (McGregor

et al., 2008). Roads usually have a more open canopy, lack

Figure 3 Hypothetical model showing how selection for disparate

movement behaviors will vary with the probability of mortality during

road crossing and the fitness benefit gained by crossing. Under this

model, selection will favor staying when the fitness benefit is low

relative to the probability of mortality during crossing (above the line),

whereas selection will favor crossing when the fitness benefit is high

relative to the probability of mortality (below the line). Points falling on

the line would be selectively neutral.
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ground cover and have different thermal characteristics than

the surrounding habitat (Shine et al., 2004). Predation risk is

often higher in more open microhabitats (Denno, Finke &

Langellotto, 2005; Shepard, 2007) and these perceived

differences may result in avoidance in some species (Fahrig,

2007). Successful conservation often requires that manage-

ment decisions be based on results from empirical studies.

We have shown here that species from two taxa with

disparate ecologies avoided crossing roads that bisected

otherwise continuous habitat; however, this information in

itself may not be fully informative of how roads affect

wildlife populations. Only by integrating behavioral data

with data on road mortality and population genetics are we

able to understand more clearly the barrier effect of roads

and develop effective management plans for species in

decline.
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