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Abstract.—We surveyed the snake communities at two locations in the Sonoran Desert of southcentral Arizona. From
1982-2009, we used roadways as sampling transects and recorded all snakes detected during nights at a predominately
Lower Colorado River Valley subdivision community south of Phoenix and at a primarily Arizona Upland subdivision
community west of Phoenix. The snake communities were largely concordant both in diversity and abundance of
species at these Sonoran Desert sites: four species (Crotalus cerastes, C. atrox, C. scutulatus, and Rhinocheilus lecontei)
accounted for 67-70% of all individuals at the two sites. The most common species exhibited similar distributions at
both of the sites with respect to habitat adjacent to the roadway. Following a dramatic upsurge in traffic volume at both
sites in the past decade, the abundance of all snakes declined at one site, and the proportion of dead snakes increased
significantly at the other site. Comparison with other road-riding surveys of snake communities in the American
Southwest indicates that this technique provides consistent and repeatable results, and that this method suggests similar

species numerically dominate snake communities in the Sonoran Desert of Arizona.
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INTRODUCTION

The community ecology of squamate reptiles,
especially of arid regions, has received considerable
attention, with lizards having long served as model
organisms for elucidating a wvariety of ecological
principles (Pianka 1986). Snakes have been the subject
of far fewer studies, in part because of the difficulty of
surveying populations and obtaining data on diversity
and abundance of these reclusive reptiles. Recent
analyses of snake community structure from temperate
and tropical biomes suggest that snakes may play
important roles as mesopredators and warrant
consideration from a conservation perspective, their poor
image among nonscientists notwithstanding (reviewed
by Luiselli 2007). In a study of forest biomes and
farmland mosaic in New England, Kjoss and Litvaitis
(2001) documented that large snakes, in part as a result
of preference for larger habitat patches, affected
abundance of smaller snake species directly through
predation. Thus, interactions among snakes influencing
community structure are complex, and complicate
conservation efforts for these reptiles. Despite these
recent investigations, snakes of arid environments
remain little studied, especially with respect to

widespread anthropogenic effects (Sullivan et al. in
press).

In spite of the difficulties of accurately censusing
snakes, since the 1920s it has been recognized that many
snake species can be surveyed effectively by driving a
motor vehicle slowly on a paved road during the early
evening in spring and summer (e.g., Klauber 1939;
Bugbee 1945; Hensley 1950; Pough 1966). In contrast
to the effort required to observe snakes under more
natural conditions, snakes found dead on the road (DOR)
as well as alive (AOR) can be counted in large numbers
during a few short survey hours using road riding. In a
number of studies of snake communities, road riding was
the only sampling technique used, with paved roads
functioning as "transects" through the habitat (e.g.,
Sullivan 1981a, 2000; Mendelson and Jennings 1992).
This method is commonly employed by collectors of
reptiles and amphibians to obtain specimens for the pet-
trade and other purposes (Sullivan 2000). Snakes of arid
and semi-arid regions of the southwestern USA have
been the focus of most road riding studies (e.g., Sullivan
1981a; Price and LaPointe 1990; Rosen and Lowe 1994).
Snakes may be found on roadways by chance, or
because they use paved road surfaces, which retain heat,
for thermoregulation in the early evening during spring
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FIGURE 1. Arizona Upland subdivision of the Sonoran Desert at the 2
km mark of the SVP transect showing the proximity of the White Tank
Mountains to the roadway (upper panel). Lower Colorado River
Valley subdivision of the Sonoran Desert at the 20 km mark of the
SVP transect showing the sandy floodplain of the Hassayampa River
to the west (lower panel; both photographs by Brian Sullivan).

and summer (Sullivan 1981b); snakes may also bask on
both surfaced and unsurfaced roadways during daylight
hours.

In an analysis of snake communities of Chihuahuan
Desert and grassland biotic communities in southeastern
Arizona and southwestern New Mexico, Mendelson and
Jennings (1992) used road riding to survey two roads
that had been sampled roughly 25 years previously
(Pough 1966). They documented significant shifts in
relative abundance of some taxa, and detected some
small, secretive snake species unobserved by Pough. In
a similar fashion, Dodd et al. (1989) questioned the
efficacy of road riding as a sampling technique because
they encountered only 11 species of small, terrestrial
snakes on the roadway out of the 22 known to occur in
the immediate vicinity in Alabama. Langen et al. (2007)
documented that small snakes sometimes missed during
vehicular surveys were detected during pedestrian
surveys along the same route in New York, supporting
the view that detection of small individuals can depend

FIGURE 2. Lower Colorado River Valley subdivision of the Sonoran
Desert at the 25 km mark of the MR-238 transect showing extensive

creosote flats (upper panel). Arizona Upland subdivision of the
Sonoran Desert at the 45 km mark of the MR-238 transect showing the
proximity of the Maricopa Mountains (lower panel; both photographs
by Brian Sullivan).

on the survey methods, road conditions, and personnel.
Road riding as a sampling technique must be used with
caution, and analysis of consistency in this method
would allow assessment of its validity (Sullivan in
press).

We used road riding to examine the distribution and
abundance of snakes found on two roadways in the
Sonoran Desert of south-central Arizona. One road was
situated along the bajada (coalesced alluvial fans) of a
mountain range primarily in the Arizona Upland
subdivision of the Sonoran Desert (Fig. 1; Turner and
Brown 1982), while the other crossed a relatively broad
valley, passing primarily through the Lower Colorado
River Valley subdivision of the Sonoran Desert (Fig. 2;
Turner and Brown 1982). We assessed the concordance
of these two communities in diversity and abundance of
snake species, and in response to increasing
anthropogenic activities, both in the form of direct
mortality from increased road traffic, and indirect effects
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FIGURE 3. Aerial image of the Sun Valley Parkway (SVP; west of Phoenix) and MR-238 (southwest of Phoenix) study sites. Note the extensive
washes crossing MR-238 and the bajada (alluvial fans forming a skirt of deposits that surround many desert mountain ranges) habitat associated
with SVP. In addition, recent development is shown in grey and white along the upper edge of SVP, west of the White Tank Mountains (figure is
a modified Landsat 5 image, acquired 26 August 2009, maximizing contrast for vegetation, shown in pink/red).

associated with off-road habitat modification due to
development.

MATERIALS AND METHODS

Because road riding is thought to be most successful
on dark, windless nights during the peak activity period
of target organisms (Sullivan in press), we did not
randomly select survey nights across seasons for the Sun
Valley Parkway (hereafter, SVP): we conducted surveys
at this site during the early evening from mid-April to
late September, 1998-2009. During the summer
months, we often conducted surveys during and after

rainstorms. However, for the Maricopa Road (hereafter,
MR-238, reflecting that the eastern portion of the road is
State Route 238), surveys reported herein were
conducted opportunistically during the night from April
to September, 1982-2006. At both sites, we conducted
most surveys from sunset (typically 1800 to 2000) until
activity declined (approximately 2300) by passing
through the site once or twice in a vehicle traveling
approximately 25-45 kph, with at least one observer
(often more) in addition to the driver in the vehicle.
SVP was relatively new (dark pavement) during the
early survey years, but MR-238 was unpaved during the
initial surveys (1982—-1987; N = 18 surveys), paved for

63



Jones et al. 2011.—Effects of Road Traffic on Sonoran Desert Snakes.

Maricopa Mts.

Arizona Upland
Agriculture/
i development

ki s N ﬂ i @;bﬂ e Wapy % arcope
45

65 25 0km

West East

Habitat Distribution: MR-238

White Tank Mts
Lower Colerado/Arizona Upland

[
— |
A .ﬂ..-‘-&....\r.Q\'.L.H.'E:..“L'”....

L+ W
L ﬂ A
40 24

McMicken

West/south

Habitat Distribution: SVP

FIGURE 4. Depiction of habitat variation along MR-238, near Phoenix,
Arizona, USA.

the first 33 km from 1988 to 1999 (N = 34 surveys), and
over its entire length from 2000 to 2006 (N = 28
surveys). We recorded each snake as alive (AOR) or
dead (DOR), and we noted the location to the nearest
tenth of a mile (= 0.16 km) west of the starting point (the
intersection of state routes 238 and 347 for MR-238;
McMicken Dam for SVP).

Study sites.—The MR-238 site is located between 50
and 65 km south and southwest of Phoenix, in Maricopa
and Pinal cos., Arizona, USA, while the SVP site is 65
km west of Phoenix, entirely within Maricopa Co.;
roughly 65 km separate the two sites. MR-238 was
surveyed from the town of Maricopa, Pinal Co. (UTM:
128, 402335 E, 3659632 N, NAD Conus, 1927), west 65
km to the junction with state route 85 in Gila Bend,
Maricopa Co. (128, 341741 E, 347031 N; Figs. 3, 4).
After MR-238 was paved in 1988, we largely restricted
surveys to the paved section of the road. Thus, we
conducted the majority of surveys on MR-238 over these
first 33 km from the town of Maricopa to the end of state
route 238, east of the pass through the North and South
Maricopa mountains.

The survey area along MR-238 included developed
land at the easternmost edge (agricultural and housing)
in historically Lower Colorado River Valley subdivision
(i.e., Creosote flats), dominated by Triangle-leaf Bursage
(Ambrosia deltoidea), White Bursage (A. dumosa) and
Creosote (Larrea tridentata). Roughly 36 km west of
Maricopa, the roadway entered a wide pass between the
North and the South Maricopa mountains for 10 km,
primarily Arizona Upland subdivision characterized by
Saguaro Cactus (Carnegiea gigantea), Ocotillo
(Fouquieria  splendens),  Foothill Palo  Verde
(Parkinsonia microphylla), and Brittlebush (Encelia
farinosa); west of the Maricopa Mountains, the roadway
was again associated with Lower Colorado River Valley

FIGURE 5. Depiction of habitat variation along SVP, near Phoenix,
Arizona, USA.

subdivision Creosote flats along the gently west sloping
bajada. The elevation along this route ranged from 350
m at Maricopa to almost 450 m at the pass at the eastern
edge of the Maricopa Mountains to 230 m at the west
end (Gila Bend).

The starting point for surveys at the SVP site was
McMicken Dam (12S, 364650 E, 3722833 N), an
earthen dike situated along the northwest boundary of
the greater Phoenix Metropolitan area. From the dike,
the roadway route progresses initially west, along the
northern edge of the White Tank Mountains, to a point
approximately 20 km to the west, just east of the
Hassayampa River flood plain, and then turns south for
another 20 km to the northern boundary (12S, 344199 E,
3705479 N) of development associated with Interstate
10, and the recently expanded town of Buckeye, for a
total survey route of 40 km. SVP was located primarily
in Arizona Upland subdivision, characterized by Saguaro
cactus, Ocotillo, Foothill Palo Verde, and Brittlebush,
with Triangle-leaf Bursage and Creosote more numerous
near the edge of the Hassayampa River floodplain in the
Lower Colorado River Valley subdivision.  The
elevation along this route ranged from 410 m at
McMicken Dam to almost 500 m at the edge of the
Hassayampa flood plain, down to 350 m at the terminus
of the survey area north of Interstate 10. The entire
survey area was situated along the northern and western
lower bajada or outflow skirt of the White Tank
Mountains (Figs. 3, 5).

The roadways used as survey transects were the
primary access routes for residents in the immediate
vicinity for both regions, but they differed dramatically
in a number of respects. During the initial survey period
(1982-1998) MR-238 was a little used (< 500 vehicles
per day; data available from Arizona Department of
Transportation:  http://www.mag.maricopa.gov), two-
lane road with vegetation close to the roadway edge that
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TABLE 1. Snakes encountered at the MR-238 (N = 397 snakes, 1982-2006) and Sun Valley Parkway (N = 175 snakes, 1998-2009) sites near
Phoenix, Arizona, USA (listed in order of abundance at MR-238). Note: Hypsiglena torquata = H. chlorophaea.

Species MR-238 Total (%) SVP Total (%)
Crotalus cerastes 135 (34.0) 66 (37.7)
C. scutulatus 51(12.9) 24 (13.7)
Rhinocheilus lecontei 47 (11.8) 18 (10.3)
C. atrox 32 (8.1) 15 (8.6)
Chionactis occipitalis 31(7.8) 6(3.4)
Phyllorhynchus decurtatus 23 (5.8) 2 (1.1)
Pituophis catenifer 20 (5.0) 12 (6.9)
Hypsiglena torquata 18 (4.5) 10 (5.7)
Arizona elegans 13 (3.3) 3(1.7)
Masticophis flagellum 8(2.0) 4(2.3)
Lampropeltis getula 7(1.8) 5(2.9)
Leptotyphlops humilis 5(1.3) 0(0.0)
Salvadora hexalepis 2(0.5) 8 (4.6)
Chilomeniscus cinctus 2(0.5) 1(0.6)
Thamnophis marcianus 2(0.5) 0(0.0)
Sonora semiannulata 1(0.3) 0(0.0)
Trimorphodon biscutatus 0(0.0) 1 (0.6)

was initially unpaved, then paved for the easternmost 33
km in 1988. The final stretch of the roadway through
the Maricopa Mountains and west to Gila Bend was
paved late in 1999; the newly paved section was wider,
with broad graded shoulders 3—5 m wide.

SVP, on the other hand, was also initially little used
(1987-2002; < 500 vehicles per day; http://www.mag.
maricopa.gov), but was a much larger roadway with two
lanes and an emergency parking lane on either side of a
vegetated median (2 m in width). Thus, the width of
SVP was approximately three times that of MR-238.
The area surrounding SVP was largely unpopulated in
the 1980s and 1990s, though increasing traffic associated
with construction and occupation of homes occurred
after 2005. Extensive development (grading of the
habitat on one side of the roadway, construction of side
roads, etc.) was initiated along a 3 km stretch in the
middle of the SVP study region in 2006.

Statistical methodology follows Zar (1999): we used
chi-square tests to assess shifts in frequency, and
Pearson’s correlation coefficient was used to assess
similarity in abundance across sites. We used SPSS
(version 16.0, SPSS for Windows, Rel. 16.0.2., 15
November 2007, Chicago: SPSS Inc.) for all calculations
and o = 0.05 for all tests.

RESULTS

Overall, we conducted 50 road-riding surveys at SVP,
yielding 175 snakes in 2,538 km traveled for a net result
of 0.069 snakes per km. All surveys reported here were
conducted over the first 40 km of the SVP, with only a
few km contained entirely within the Lower Colorado
River Valley subdivision near the Hassayampa River
(Figs. 3, 5). For MR-238, we conducted 80 road riding

surveys, yielding 397 snakes in 6,391 km traveled for a
net result of 0.062 snakes per km. Of the surveys at
MR-238, 56% were entirely restricted to the Lower
Colorado River Valley subdivision (0-33 km); 44%
included roughly 10 km of Arizona Upland subdivision
within the pass through the Maricopa Mountains, and an
additional 22 km of Lower Colorado River Valley
subdivision to the west of the Maricopa Mountains
(toward Gila Bend).

Similarities in community structure.—The two sites
were largely similar in the diversity and abundance of
snakes observed: we detected 17 species at the MR-238
site, and 14 of those were also found at the SVP site; a
single species observed at SVP was not found at MR-
238 (Table 1). Abundances of individual snake species
(percentage of total) observed at the two sites were
highly correlated (r =0.97; P <0.001).

Four species (Crotalus cerastes, C. scutulatus, C.
atrox, and Rhinocheilus lecontei) accounted for 67% of
the snakes observed at MR-238; these same four species
were ranked one through four in abundance and
accounted for 70% of the snakes observed at SVP (Table
1; note that for MR-238, Chionactis occipitalis was
almost as abundant as C. atrox). The crotalids showed
similar distributions at the two sites: C. cerastes and C.
scutulatus were most numerous in the Creosote flats of
the Lower Colorado River Valley subdivision at MR-238
(~ 75% of individuals of these species were found
between kms 16 and 40; Fig. 4), and in the Creosote flats
at SVP within the Lower Colorado River Valley
subdivision along the edge of the Hassayampa River
floodplain (8-16 km west of McMicken; ~ 50% of
individuals of each species). At SVP, we found C. atrox
primarily (~ 50% of individuals) within the first 8 km,
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where the road passed closest to the bajada along the
northern edge of the White Tank Mountains (Fig. 5) in
Arizona Upland subdivision, and none were observed 25
km beyond the starting point in primarily Lower
Colorado River Valley subdivision along the
Hassayampa River on the western edge of the survey
area.

Most species were represented by relatively few
individuals, and some were associated with particular
habitats along the roadways. For example, we found
Trimorphodon biscutatus, a rock dwelling snake, at the
eastern edge of SVP where the road passes closest to the
White Tank Mountains.  We found Thamnophis
marcianus, a snake unexpected in the Sonoran Desert
except along watercourses, only at MR-238 near
agricultural lands with ample water (canals, holding
ponds, etc.); it was also noted within 500 m of the SVP
starting point, east of McMicken Dam, where the road
enters agricultural land. Phyllorynchus decurtatus, a
snake often found in relatively open habitats of the driest
of the North American deserts, was more abundant at the
lower elevation MR-238 site and we only detected it
twice at the SVP site near the Hassayampa River
floodplain. Prior to the paving of the eastern portion of
MR-238, we recorded neither Chionactis nor
Phyllorhynchus, and only one Hypsiglena, suggesting
that relative to a dirt roadway, detection of small forms
was increased against the dark, smooth surface of the
pavement.

Increased mortality of snakes.—Traffic volume
increased significantly in association with the paving of
the final section of MR-238 in 1999: daily traffic counts
varied between 500 to roughly 1,000 vehicles for the
1980s and 1990s, but had increased to 4,000
vehicles/day by 2002 (data available from Arizona
Department of  Transportation:  http://www.mag.
maricopa.gov). The number of DOR snakes at MR-238
increased significantly following paving of the entire
roadway in 1999. Specifically, from 1982 to 1987, when
the roadway was unpaved, 20% of snakes we
encountered DOR (16 DOR/66 AOR), but from 2000 to
2006, after the entire roadway was paved and traffic
increased, 64% of snakes were DOR (88 DOR/50 AOR;
x> =40.42, df =1, P < 0.001). To avoid contrasting an
unpaved road with one that is entirely paved, we
examined data from 1988-1999 (the eastern-most 33 km
of the survey route was paved in this time period), in
which 26% of snakes were DOR (48 DOR/134 AOR).
This was also significantly less than the percentage of
DOR individuals (64%) following the traffic increase in
2000 (x*=44.91, df =1, P <0.001).

For SVP, traffic numbers increased dramatically
around 2005, presumably associated with the higher
volume of traffic in later years due to development.
Prior to 2002, daily traffic volumes were under 500

vehicles/day, but by 2008, had reached 3,000
vehicles/day (Arizona Department of Transportation:
http://www.mag.maricopa.gov).  Although the total
number of snakes declined with survey trips over time
from 1998 through 2009 (107 snakes in the first 25
surveys; 68 snakes in the last 25 surveys), the percentage
of DOR snakes (27 DOR/80 AOR = 25% DOR) for the
first 25 survey nights (1998-2002) was roughly
equivalent to the percentage of DOR snakes (20 DOR/48
AOR = 29% DOR) for the last 25 survey nights (y* =
0.37, df = 1, P > 0.10). However, an indication of
reduced abundance (or avoidance of the roadway by
individual snakes) was evidenced by the frequency of
“snakeless” nights (surveys during which no snakes were
detected) that was higher in the latter portion of the
study: over the first 25 survey nights (1998-2002), there
were no “snakeless” nights; however, over the last 25
survey nights, there were six nights that were snakeless
(=642, df=1,P <0.01).

DISCUSSION

Southwest snake communities.—Other investigations
have used roadways to assess the diversity and
abundance of snakes in Arizona, California, and New
Mexico. Rosen and Lowe (1994) described the snake
community of a fundamentally similar habitat, Arizona
Upland subdivision Sonoran Desert, only 150 km to the
southwest of the two sites we surveyed. In contrast to
our results, they documented 20 species (368
individuals; 0.024 snakes per km) with Crotalus atrox as
the most numerous and Rhinocheilus lecontei second,
and C. cerastes was ranked ninth in relative abundance.
They attributed the relatively low abundance of C.
cerastes to the habitat they surveyed representing
“middle bajada” (i.e., rockier, relatively upland habitat).

Our results indicate that in spite of differing
proportions of Arizona Upland and Lower Colorado
River Valley subdivision communities of the Sonoran
Desert at SVP and MR-238, based on road-riding
surveys, the snake communities are similar. It is perhaps
even more surprising that road-riding methods in which
different observers using vehicles with a variety of
headlights, illuminating road surfaces of varying width
and type, produced such similar results. All 17 species
documented at MR-238 occur at the SVP site: the three
taxa that were not observed in the course of surveys we
conducted from 1998 through 2009 were detected on the
roadway either by other collectors (Sonora semiannulata
and Leptotyphlops humilis; Ryan Sawby and Erik
Gergus, pers. comm.) or within a few hundred meters of
the eastern boundary of the SVP site (Thamnophis
marcianus) over the past decade (BKS, pers. obs.).
Similarly, though not detected on the roadway at MR-
238, Trimorphodon biscutatus (the only species we
observed at SVP but not MR-238) is known
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FIGURE 6. The four most common species at SVP and MR-238: Crotalus cerastes (upper left), C. scutulatus (upper right), C. atrox (lower
left) and Rhinocheilus lecontei (lower right; all photographs by Randall Babb).

from the Maricopa Mountains adjacent to MR-238
(RDB, pers. obs.). Since the completion of our study,
two additional species not previously recorded on MR-
238 have been detected on the roadway: Phyllorhynchus
browni (C. Akins and J. Pullins, pers. comm.), and
Micruroides euryxanthus (TRJ, pers. obs.), suggesting
extensive road sampling is necessary to document snake
communities thoroughly. Nonetheless, at least on the
basis of road-riding methods, the snake communities at
SVP and MR-238 are similar in both diversity and
abundance of species. It is especially striking that four
of the same species (Fig. 6) were numerically dominant
at both sites (although Chionactis occipitalis was
virtually as common as Crotalus atrox at MR-238).
Mendelson and Jennings (1992) used road riding to
survey two adjacent areas, one in a Chihuahuan Desert
scrub habitat, and the other in a Plains Basin Grassland
habitat, and for these communities they documented that
Crotalus atrox and C. scutulatus were ranked either first,
second, or third in relative abundance. These two
species accounted for the majority of individual snakes
they encountered, and they suggested that C. atrox had
expanded at the expense of C. scutulatus since the early
1960s due to the conversion of grassland to desert scrub
habitat as a result of over-grazing by cattle, and other

anthropogenic activities in recent decades. Interestingly,
Price and LaPointe (1990) used road riding as a survey
technique and also documented that C. atrox was the
numerically dominant snake in southcentral New
Mexico, although Pituophis catenifer was second in
abundance. Like Mendelsson and Jennings (1992), Price
and LaPointe (1990) also found that Rhinocheilus
lecontei ranked between 6" and 7™ in relative abundance
among the 18 species of snakes they observed.

In habitats that are more mesic, such as grassland and
oak woodland/chaparral mosaics in California, road-
riding surveys indicate Pituophis catenifer is by far the
most abundant snake species (Klauber 1939; Sullivan
2000). In a road-riding survey of a Great Basin Desert
scrub habitat in southern Idaho, Jochimsen (2006) also
found that P. catenifer was the most common snake
detected on paved roads even though off-road survey
methods suggested Crotalus oreganus was the more
common snake in the immediate vicinity. These results
highlight the caution required in extending results from
road-riding studies to estimation of the absolute
abundance of snakes in the biotic communities adjacent
to roadways. Nonetheless, given that P. catenifer appear
especially likely to be found on roadways (Jochimsen
20006), our results and those of Rosen and Lowe (1994)
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suggest that this species does not numerically dominate
the Sonoran Desert biotic communities as it does in
either grassland (Sullivan 2000) or Chihuahuan Desert
(Price and LaPointe 1990) habitats of the American
Southwest.

Movement patterns and home range sizes determined
in other studies of squamates of the American Southwest
help explain distributional patterns of snake encounters
at our study sites. For example, Crotalus atrox in the
Sonoran Desert near Tucson made predictable
movements from rocky upland habitats to creosote flats
each year (Beck 1995). Our observations at SVP are
consistent with Beck’s findings in that the majority of
individuals of this species at SVP were observed within
the first half of the transect along the bajada: snakes
moving from rocky upland sites would be forced to cross
the road to move down slope toward the creosote flats.
In sand dune habitats of the Mojave Desert of California,
C. cerastes exhibit large home ranges (~ 25 ha) relative
to even much larger snakes (Secor 1994). Home ranges
of C. cerastes studied by Secor (1994) are roughly five
times as large as those of C. atrox reported by Beck
(1995) approximately 150 km southeast of our sites.
Similarly, Cardwell (2008) documented that male C.
scutulatus in the Mojave Desert of California exhibit a
home range as large as C. cerastes, whereas females
have a smaller home range similar in size to C. atrox.
Crotalus cerastes is a sit-and-wait predator (Secor
1994), and as such would not be expected to be
numerically dominant on roadways at both of our sites
(Bonnett et al. 1999). The large numbers we observed at
SVP and MR-238 in part could be due to these snakes,
as well as male C. scutulatus, making relatively larger
movements in search of prey ambush sites, mates or
refuges within their respective home ranges.

Increased mortality of snakes.—Declines in numbers
of snakes observed (SVP), or in the number of AOR
individuals detected (MR-238), were correlated with
dramatic increases in roadway traffic volume. The
increase in traffic volumes from ~ 500 vehicles per day
to over 3,000 vehicles per day at both of our sites was
coincident with a decline in AOR snakes, a finding
surprisingly similar to results obtained by Sutherland et
al. (2010) in a road-riding study of amphibians in North
Carolina in relation to traffic volume. Their analyses
indicated that almost twenty times as many amphibians
were found on roads with < 550 vehicles per day than
the number found on roads with > 2,000 vehicles per
day.

Coleman et al. (2008) documented higher numbers of
DOR reptiles with increasing vehicular use of the
roadways. They also reported seasonal shifts in numbers
of DOR reptiles, with higher numbers during the spring
and fall activity periods (see also Reynolds 1982).
Studies of Elaphe obsoleta (Row et al. 2007), Sistrurus

catenatus (Shepard et al. 2008), and Drymarchon
couperi (Hyslop et al. 2009) suggest that roadway
mortality can significantly affect viability of small
populations of threatened or endangered snakes. It is
increasingly clear that roadway traffic is a significant
contributor to the mortality of snakes because they not
only cross roads when moving among habitat patches,
but may actively use paved roads to thermoregulate
under appropriate thermal conditions (Sullivan 1981b).

Behavioral observations of Thamnophis sirtalis
indicate that they avoid roads, and cross in the most
direct path if necessary (Shine et al. 2004), and Andrews
and Gibbons (2005, 2006) reported that smaller species
of snakes were less likely than larger species to cross
roads. Hensley (1950) and Jochimsen (2006) detected a
male bias in the sex ratio of DOR snakes observed on
roads, presumably because males move long distances
when searching for mates during the breeding season
(Sullivan in press), and are thus expected to be
disproportionately represented in road surveys. If some
snake species avoid roads more than others, then such
behavior may confound the use of road riding as a means
to assess the population biology of snakes or their
response to anthropogenic activities. If roadway surveys
are used to estimate mortality effects at the population
level, it is also important to recognize that scavengers
(e.g., ravens [Corvus spp.], Turkey Vultures [Cathartes
aura], Coyotes [Canis latrans]) systematically patrol
paved roads in the American Southwest searching for
carrion (Sullivan 2000; Antworth et al. 2005). The lack
of an increase in the number of DOR snakes detected at
SVP in latter survey years may be attributable to the size
of the roadway (width) and the prospect of both other
collectors and scavengers removing dead snakes. It may
be that the number of DOR specimens recorded in a road
riding survey dramatically underestimates mortality for
local snake populations.

Heavily used roadways impact the ecology not only of
snakes, but also the entire biotic community adjacent to
the roadway (Jochimsen 2006). Roadways alter the
hydrology, chemistry, physical structure, and other
properties of habitats in many ways (e.g., Garland and
Bradley 1984; Artz 1989; Terranella et al. 1999).
Roadways lead to the deaths of snakes and other
organisms, including their prey, and presumably affect
the population biology of many taxa within the local
biotic community (Fahrig et al. 1994; Spellerberg 1998;
Trombulak and Frissell 2000). Overall, it is reasonable
to infer that reptile communities in the immediate
vicinity of roadways will be altered over time depending
in part on traffic volumes and other local variables
(Bernardino and Dalrymple 1992; Spellerberg 1998;
Garcia et al. 2007). Clark et al. (2010) recently
documented that roadways can significantly impact the
genetic structure of crotalid populations, underscoring
the potential consequences of these anthropogenic
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barriers to movement patterns of snakes; they noted that
more heavily traveled roads exacerbated these genetic
effects.

Sullivan (1981a, 2000), like Mendelson and Jennings
(1992), noted a shift in community structure over 20
years using road riding to survey distribution and
abundance of snakes across an ecotone in central
California. Because Sullivan (2000) conducted his
surveys in two periods that differed dramatically in
precipitation (resurvey years were much higher in
rainfall), he could not determine if the change in relative
abundance of the two most common snakes was due to
anthropogenic changes along the roadway over time, or
simply a differential response to rainfall in one species in
the resurvey period. Even if road-riding surveys are
conducted by the same personnel at the same site,
variation in abiotic conditions may lead to shifts
unrelated to roadway effects. As noted by Jochimsen
(2006), it remains for future investigators to document
more fully the impact of roadways on snake
communities through both road riding and other survey
methods assessing the nature of community effects well
away from survey routes. It will also be important to
assess the influence of climate change on snake
communities, especially those in the vicinity of urban
regions that experience not only increasing traffic
volumes, but heat island effects, off-road vehicle
recreational activities and a host of anthropogenic
disturbances.
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