
    Urbanization is one of the most dramatic
forms of land transformation which has pro-
found influences on local species abundance,
diversity, and composition (Cam et al. 2000,
DeStefano and DeGraaf 2003, Marchetti et al.
2006). Some fauna are known to use human-
altered and human-occupied areas, tolerating
and even thriving in an urban environment, as
anthropogenic environments can offer abun-
dant clusters of artificial resources, such as
garbage and vegetable gardens (Beckmann
and Lackey 2008, Grubbs and Krausman
2009, Goddard et al. 2010, Lowry et al. 2013).
There is substantial evidence that urban
development can subsidize some wildlife
populations (Kristan et al. 2004, Boarman et
al. 2006) and that human activities can create
new, complex, and often poorly understood
trophic dynamics in wildlife communities
(Faeth et al. 2005). For example, artificial
water supplementation can lead to an in -
crease in water-dependent desert fauna (Coe
and Roten berry 2003). Consequently, large

predators can be attracted to human-associ-
ated prey items, yet urban association can sig-
nificantly increase their mortality rates (Moss
et al. 2016).
    Research on the effects of urbanization in
the American Southwest has mostly focused
on birds and mammals, and only recently
have studies begun to evaluate effects of
urbanization on herpetofauna. Yet, arid re -
gions of the United States have particularly
diverse lizard and snake assemblages. Ackley
et al. (2015) found that lizard diversity and
abundance can be negatively affected by
man-made structures but positively affected
by urban parks. Some lizard species can per-
sist in small patches of appropriate habitat
(Sullivan and Sullivan 2008), while others can
become locally extinct in the absence of prey
species (Sullivan et al. 2014). Road construc-
tion is known to increase snake road mortality
(Jones et al. 2011), and Sullivan et al. (2017)
found that desert preserves near metropolitan
areas have lower snake species richness in
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      ABSTRACT.—Urbanization can have significant consequences on local wildlife. While some species can thrive in
urban environments, others are often seen as nuisance animals and therefore are either killed by landowners or
removed by professionals. Snakes, especially rattlesnakes, represent one such taxon. Here, we analyzed rattlesnake
removal data from the city of Phoenix, Arizona, USA, to determine whether the removal data directly correlates with
urban expansion. Between 2011 and 2014, over 500 rattlesnakes and over 300 non-rattlesnakes were removed by
professionals, with significant removal clusters in the northern Phoenix metropolis. Land cover change analyses showed
that all removal sites experienced dramatic changes in the past decade. There was a significant increase in urban land
cover and significant decrease in shrub land cover, suggesting a negative impact of urbanization on local snakes.

      RESUMEN.—La urbanización puede tener consecuencias significativas en la fauna local. Mientras algunas especies
pueden prosperar en ambientes urbanos, otras normalmente son vistas como molestias y son exterminadas por los
dueños de las tierras, o son removidas por profesionales. Las serpientes, especialmente las cascabeles, representan uno
de estos taxa. En este estudio analizamos datos de remociones de cascabeles de la ciudad de Phoenix, Arizona, EUA
para determinar si las remociones se correlacionan directamente con la expansión urbana. Durante los años 2011 al 2014
más de 500 cascabeles y 300 no-cascabeles fueron removidas por profesionales, donde los lugares con más abundancia
de animales fueron al norte de la metrópolis de Phoenix. El análisis de uso de la tierra muestra que todos los sitios de
donde las especies fueron removidas han sufrido cambios drásticos en la última década. Ha habido un crecimiento
significativo en el área utilizada para urbanización, en contraste con el área cubierta de vegetación, lo que sugiere un
impacto negativo de la urbanización en las especies de serpientes locales.
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comparison to preserves more distant from
metropolitan areas.
    Survivorship of wildlife in urban settings
often depends on people’s attitudes towards
the species, as well as safety concerns. Nuisance
species found in areas where they are not
wanted by humans is a growing wildlife man-
agement problem (Nowak et al. 2002, Sullivan
et al. 2015, Menkhorst et al. 2016). Often,
problem animals are either translocated or
killed by landowners (Warburton and Norton
2009). Snakes, especially rattlesnakes, are often
seen as nuisance animals in urban environ-
ments and can raise concerns due to their toxic
venom and cryptic coloration. Rattlesnakes are
known to find refuge in and around urban and
suburban residential areas and this behavior
can increase human–rattlesnake encounters
(Laidig and Golden 2004). In areas where
human–rattlesnake interactions are inevitable,
intentional and accidental snake mortalities
can happen (Bonnet et al. 1999, McCrystal
and Ivanyi 2011).
    Arizona has one of the most diverse rattle -
snake assemblages in the United States
(Crother et al. 2012). At least 6 rattlesnake
species are known inhabitants of Phoenix and
the surrounding suburbs: western diamond-
backed rattlesnake (Crotalus atrox), south-
western speckled rattlesnake (C. mitchellii
pyrrhus), northern black-tailed rattlesnake (C.
molossus molossus), tiger rattlesnake (C. tigris),

Sonoran sidewinder (C. cerastes cercobom-
bus), and Mohave rattlesnake (C. scutulatus).
The Phoenix metropolitan area is one of the
fastest growing areas in the United States,
gaining over 1.3 million residents since 2000
and having an estimated 4,574,351 residents
today. The Phoenix metropolitan area has
been expanding by acquiring and developing
land in outlying wild areas (Fig. 1), and this
practice suggests that human encounters with
snakes are inevitable. In this study, we ex -
plored whether human–snake encounters are
the outcomes of urban expansion into sur-
rounding wilderness. We used spatial data
from professional snake removals provided by
a local Phoenix snake removal agency in order
to (1) determine where snake removals are
most common and (2) determine if the re -
moval areas correlated with a land use shift
from shrub vegetation cover to urban cover,
which includes housing and road develop-
ments. Due to particularly negative attitudes
toward venomous snakes, we primarily focused
on rattlesnakes (genus Crotalus), but for com-
parative purposes we also analyzed nonven-
omous snakes (family Colubridae).

METHODS

    We used 2011–2014 snake removal data
from Rattlesnake Solutions, LLC (Phoenix, AZ).
We converted each removal locality (resident
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    Fig. 1. Maps of Arizona counties (left) and the Phoenix metropolitan area in 2001 (middle) and 2012 (right), depicting
urban land cover expansion in an 11 year span.
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address) into GPS coordinates (WGS 84). We
used the Optimized HotSpot Analysis tool in
ArcMap 10.2.2 (ESRI 2012) to visually repre-
sent snake removal clusters. This tool takes
the snake removal point data and aggregates
the incidents into weighted features. Using the
distribution of the weighted features, the tool
identifies an appropriate scale of analysis. It
calculates a Getis–Ord Gi* statistic for each
feature in the data set by looking at each fea-
ture within the context of neighboring features,
where Z scores and P values indicate where
features with high or low values cluster spa-
tially. Significant results occur when the
local sum is very different from the expected
local sum, and when that difference is too
large to be the result of random chance.
    To examine the land cover change, we
downloaded 2001 and 2012 vegetation cover
layers from LANDFIRE Geospatial Data
(Rollins and Frame 2006), where the 2012
layer represents land cover at the time of the
removal and the 2001 layer represents the
historic land cover. Because the majority of
the removal data came from years 2012 and
2013, we felt it was most appropriate to use
2012 vegetation cover as a representation of
recent land cover. These layers contain over
20 land cover types. For simplicity, we reclas-
sified both layers to create the following land
cover classes: shrub, urban, urban vegetation,
tree, herbaceous, crop, and other (Supple-
mentary Material 1). We created 1-km buffers
around each removal site. We then mapped the
buffers to 2012 and 2001 land cover, and used
the isectpolyrst tool in Geospatial Modeling
Environment 0.7.3 software (Beyer 2012) to
calculate the percent land cover within each
buffer for each year. Rattlesnake movement
patterns differ among species and between
sexes (i.e., Schuett et al. 2013, Clark et al.
2014). Because the majority of snake removals

in Phoenix were western diamond-backed
rattlesnakes, we based the size of the buffer on
the typical movement distances for this
species, which usually do not exceed 1.6 km
(Schuett et al. 2016). We compared percent
land cover within each buffer between the
years 2001 and 2012 by performing a
Wilcoxon’s signed-ranks test. We focused on 2
land cover classes: shrub and urban, which
represented the majority of land cover within
the buffers we examined (73%–88%). We
hypothesized that our snake removal sites
likely represent recently urbanized areas that
have encroached into natural snake habitat,
where snakes potentially remained despite
alterations. We also hypothesized that 2012
would have a significantly higher proportion
of urban land cover compared to 2001. We
inferred statistical significance at = 0.05
and created boxplots to visually represent the
data. We conducted statistical analyses using
program R (version 3.2.3; R Core Team 2013).

RESULTS

    Five-hundred and eleven rattlesnakes were
removed between 2011 and 2014, with western
diamond-backed rattlesnake accounting for
435 removals (85%; Table 1). In comparison,
329 non-rattlesnakes (colubrids) were removed
during the same period, with gopher snake
(Pituophis catenifer) accounting for 231
removals (70%; Table 2). Some removals were
not reported with a precision that could yield
exact GPS coordinates. Such localities consisted
of <3% of the overall data set and were
excluded from further analyses. Significant rat-
tlesnake clusters were found in northeastern
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    TABLE 1. Rattlesnakes removed from the Phoenix
metro politan area by Rattlesnake Solutions, LLC, from
2011 to 2014.

Species                                                Number removed (%)

Crotalus atrox                                               435 (85.1)
Crotalus mitchellii pyrrhus                             38 (7.4)
Crotalus scutulatus                                         23 (4.5)
Crotalus tigris                                                   7 (1.4)
Crotalus molossus molossus                             4 (0.8)
Crotalus cerastes cercobombus                        4 (0.8)
TOTAL                                                                 511

    TABLE 2. Colubrid snakes removed from the Phoenix
metropolitan area by Rattlesnake Solutions, LLC, from
2011 to 2014.

Species                                                Number removed (%)

Pituophis catenifer                                        231 (70.2)
Hypsiglena chlorophaea                                 28 (8.5)
Lampropeltis getula                                        21 (6.4)
Coluber flagellum                                            20 (6.1)
Rhinocheilus lecontei                                      17 (5.2)
Sonora semiannulata                                         5 (1.5)
Salvadora hexalepis                                          2 (0.6)
Thamnophis cyrtopsis                                       2 (0.6)
Tantilla sp.                                                         1 (0.3)
Chionactis occipitalis                                        1 (0.3)
Trimorphodon sp.                                              1 (0.3)
TOTAL                                                                  329



Phoenix, with some clusters in central and
southern Phoenix (Fig. 2). The non-rattlesnake
removal regions greatly overlapped with rat-
tlesnake removals, but the Hotspot analysis for
colubrids revealed fewer clusters and only in
northern Phoenix (Fig. 2).
    Land cover change boxplots for each snake
group showed dramatic shifts from 2001 to
2012 (Fig. 3). There was a significant urban
land cover increase from 17% to 40% at rattle -
snake removal sites (P < 0.001) and from 27%
to 54% at non-rattlesnake removal sites (P <
0.001) in the 11-year period. By contrast, shrub
land cover significantly decreased from 66% to
48% at rattlesnake removal sites (P < 0.001)
and from 45% to 31% at non-rattlesnake
removal sites (P < 0.001). Although both shifts
were significant, the increase in urbanization
was more dramatic than the decrease in sur-
rounding shrub land (Fig. 3).

DISCUSSION

    Southwestern, arid regions of the United
States have been subject to drastic urbaniza-
tion for the past century. Urbanization has
profound effects on wildlife that can cause
significant and often complex alterations in
wildlife community structure. Given the par-
ticularly diverse reptilian assemblages in the
Southwest and the scarce assessment of her-
petofauna, especially snakes, in urban settings

(Sullivan et al. 2017), it is important to address
impacts of urbanization on this vertebrate
group. This paper sought to document human–
snake encounters in the Phoenix metropolitan
area by analyzing the spatial data of snake
removals provided by a professional snake
removal agency. We also sought to assess land
cover change at snake removal sites. Our data
show high numbers of snake removals in a
relatively short time period. Generally, rat-
tlesnakes were more often removed than non-
venomous snakes but it remains unclear
whether this is due to higher abundances of
rattlesnakes or to greater fear of rattlesnakes.
Non-rattlesnakes are less threatening and
therefore reported numbers could be biased
low.
    Overall, we found an uneven snake com-
munity, a result that has previously been
reported by researchers who surveyed snake
communities near Phoenix. Specifically, Sulli-
van et al. (2017) surveyed snake communities
on Cave Buttes, the largest and most dis-
turbed urban preserve on the northeastern
edge of the Phoenix metropolitan area. Over-
all, they reported 15 species of snakes, and
the majority of snake encounters were with
western diamond-backed rattlesnakes (59%).
Dominance of diamond-backed rattlesnakes
has also been reported by others who surveyed
sites within the Chihuahuan and Sonoran
Deserts (Mendelson and Jennings 1992, Jones
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    Fig. 2. Maps of Arizona counties specifically showing vegetation cover types in and around the Phoenix metropolitan
area (top left), and visual representation of rattlesnake (Crotalus spp.; middle) and nonvenomous snake (colubrids; right)
removal clusters using Optimized HotSpot analyses in ArcMap (Esri, Redlands, CA).
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et al. 2011), but not at the magnitude reported
by our study or Sullivan et al. (2017). The
increase in lagomorphs, one of the main prey
items of C. atrox, in metropolitan areas of the
Southwest has been a suggested explanation
for their high occurrence (Sullivan et al. 2017).
Interestingly, the most commonly encoun-
tered colubrid in our study was the gopher
snake (28% of all snake removals); however,
this species comprised only 5%–7% of snakes
reported in other surveys conducted in and
around Phoenix (Jones et al. 2011, Sullivan et
al. 2017). It is generally found that P. catenifer
is not a common species within Sonoran
Desert communities, but here we point out
this may not hold true in urban outskirts. It is
possible that like C. atrox, P. catenifer is
attracted to the high abundance of lagomorphs
and rodents in urbanized areas.
    Overall, our data show that snake removal
sites were historically less urbanized, suggest-
ing that human encroachment (i.e., new
neighborhoods and housing developments)
induces human–snake encounters. Although
Phoenix has been expanding in all directions
in the past decade (Fig. 1), our data show that
snake removals were not uniformly distrib-
uted along the Phoenix periphery. This does
not necessarily indicate that there is a dispar-
ity in snake abundances across the Phoenix
metropolitan area, but we do speculate that
the abundances are truly low in highly urban-
ized areas of central Phoenix. One possibility

for the observed clustering in northeastern
Phoenix is due to that area being called a
“favored quarter” for housing, a term brought
on by resorts and the tourist hotspot of
Scottsdale (Rex 2000). This area is also close
to mountain preserves, such as Cave Buttes.
Affluent areas are likely to increase and main-
tain plant species richness, which attracts
various wildlife (Ackley et al. 2015). Ackley et
al. (2015) noted a strong positive relationship
between affluent areas of Phoenix (i.e., high
median income) and lizard diversity. However,
homeowners likely have more control of, and
negative attitudes toward, snakes, and there-
fore may be willing to invest in expensive
snake removal services. For example, Rattle -
snake Solutions, LLC, charges $200 per visit,
which may be unaffordable by less affluent
homeowners. This could potentially explain
why there was a lack of removals in southern
and southwestern portions of Phoenix, which
are mainly surrounded by agricultural areas
(i.e., croplands). It is also possible that in rural,
lower-income areas, homeowners are more
prone to killing snakes or removing snakes
themselves instead of paying for expensive
services. In addition, Rattlesnake Solutions,
LLC, is not the only entity that provides snake
removal services in Phoenix. For example,
the Phoenix Fire Department conducts snake
removals at no cost. Unfortunately, our requests
to obtain data from additional snake removal
entities were denied. Therefore, our visual
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    Fig. 3. Boxplots representing the percent shrub land cover and urban land cover in 2001 and 2012 within the 1-km
buffers around snake removals in and around Phoenix, Arizona: A, rattlesnake removal buffer areas; B, nonvenomous
snake removal buffer areas.



representation of the encounters across
Phoenix does not include all removals, but we
feel it is a good representation of how urban
expansion and the “luxury effect” can induce
mitigation translocations.
    Mitigation translocation of venomous rep-
tiles has become a common practice in south-
western metropolises (Nowak et al. 2002,
Sullivan et al. 2004, Massei et al. 2010, Sulli-
van et al. 2015). While mitigation translocation
aims to resolve human–animal conflict, such
practices can be shortsighted and often over-
look the complexity of potential impacts
(Menkhorst et al. 2016). Mitigation transloca-
tion has been criticized as often poorly
planned with little follow-up (Menkhorst et al.
2016). Recent studies on mitigation translo-
cations showed little success in 3 species of
herpetofauna, including western diamond-
backed rattlesnakes, in the Phoenix metro-
politan area (Sullivan et al. 2004, 2015,
Kwiatkowski et al. 2008). For example, depend-
ing on the distance of translocation, animals
either returned to the site of capture or
experienced higher risk of predation due to
increased rates of movement across unfamiliar
terrain (Sullivan et al. 2015). All snakes in our
data set were successfully captured without
injuries, but the spatial information on translo-
cation sites was not kept. Anecdotally, we
know that snakes from our study were
released to the closest suitable habitat that
contained drainage systems and cool areas for
aestivation and these sites were located 0.5 to
3 km away from the removal sites. Therefore,
we speculate that many snakes returned to the
site of capture, which is not a long-term solu-
tion to the human–snake conflict.
    Conservation of natural resources in
human-dominated landscapes remains a chal-
lenge, especially in the case of less favorable
taxa like rattlesnakes. Human–snake conflict
in Phoenix became particularly worrisome
when the Arizona legislature proposed that
residents be allowed to shoot snakes in their
yards with small-caliber guns (Arizona House
Bill 2022), which not only endangers the snakes
but can also cause human safety concerns due
to increased use of firearms. Scientists, natural
resource managers, and private translocation
agencies should work together with the pub-
lic to develop the best possible strategies to
overcome human–snake conflicts and reduce
negative impacts on snake populations. We

encourage a bottom-up approach of educating
the public on the important roles snakes play
in desert ecosystems and safe practices of
avoiding snakes in general. Furthermore, we
suggest that snake removal entities in Phoe -
nix collaborate with researchers to track and
monitor translocated snakes in order to improve
their practices. Given the generally short dis-
tances between removal and translocated sites
in our data set, it is crucial to confirm or dispute
that nearby drainage sites with hibernacula
provide long-term local refuge for the snakes.
Recent research suggests that more emphasis
should be given to species behavior, in addi-
tion to habitat heterogeneity and microhabitat
(see review by Germano et al. 2014). We fur-
ther recommend development of simulated
translocation experiments that incorporate
both animal behavior and environmental vari-
ables to provide a priori evaluation of translo-
cation success (Ebrahimi et al. 2015).

SUPPLEMENTARY MATERIALS

    One online-only supplementary file accom-
panies this article (scholarsarchive.byu.edu/
wnan/vol77/iss3/3).

    SUPPLEMENTARY MATERIAL 1. Different vegeta-
tion land cover classes used by LANDFIRE. For
simplicity, we reclassified the original land cover
types to fit the needs of the manuscript.
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