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Abstract—The development of renewable wind energy farms changes land-use patterns at a landscape scale. Wind
energy sites are characterized by high levels of anthropogenic disturbance (e.g., noise, roads, structures, etc.) that
can facilitate the use of wind farms by some species, while fragmenting and degrading habitat for others. We
lack an understanding of how these species-specific responses to changes in habitat quality will affect patterns of
species interactions. Here, we test whether changes in habitat quality alter predator attack rates and anti-predator
behavior in Side-blotched Lizards (Uta stansburiana) at wind farms relative to reference sites in the San Gorgonio
Wind Resource Area (SGWRA) of Southern California, USA. We use clay models of Side-blotched Lizards to
show that predator attack rates on these lizards appear lower at turbine sites (though total number of predation
attempts precludes robust statistical analysis). We then use flight-initiation-distance (FID) trials to show that
Side-blotched Lizards are also less wary to approaching predators at turbine sites. These data suggest that Side-
blotched Lizards have responded to changes in predator community composition and abundance at disturbed wind
farms by becoming less wary. Additional work is needed to better understand how other species will respond to
changes in community structure at wind farm developments, and whether wind farm habitats are truly suitable for
a wide variety of terrestrial taxa.
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INTRODUCTION

Renewable energy development (e.g., geothermal,
hydroelectric, wind, and solar) is a way to sustainably
support growing energy demands, while also addressing
global climate change driven by fossil fuel consumption
(Panwar et al. 2011). The benefits of renewable
energy are clear: by investing in non-finite methods
of energy production, we reduce carbon extraction
and consumption, increase energy security, reduce
greenhouse gas emissions responsible for global climate
change, improve public health, and create high-quality
jobs (Frondel et al. 2010). Renewable wind energy,
in particular, is thought to be one of the most benign
alternatives to fossil fuels (Harte and Jassby 1978; Evans
etal. 2009). However, the ecological costs of renewable
wind energy are not easily understood. It is clear that
wind turbines are responsible for the direct mortality
of volant species such as birds and bats (Kuvlesky et
al. 2007; Cryan and Barclay 2009; Smith and Dwyer
2016). Yet, the indirect effects of habitat alteration,
degradation, and loss may have many additional
unintended and hard-to-measure consequences for both
aerial and terrestrial species (Santos et al. 2010; Lovich
and Ennen 2013; Northrup and Wittemyer 2013).
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In the deserts of Southern California, USA, there
is substantial overlap between the demands for
renewable energy development and the needs to meet
wildlife habitat conservation objectives (Spencer et al.
2010; Stoms et al. 2013). Areas with high potential
for renewable wind and solar energy production also
support a high diversity of native and endemic and
species, as well as those of high conservation priority
(McLaughlin 1986; Dobson et al. 1997; Vandergast et
al. 2013; Wood et al. 2013; Baldwin et al. 2017). In
addition, desert habitats are exceptionally sensitive to
disturbance (Abella 2010), and extensive anthropogenic
activity in Southern California has already caused
substantial habitat loss and degradation for a number of
species throughout the region (Lovich and Bainbridge
1999). Additional development for renewable energy
may further jeopardize limited wildlife habitat for native
desert species.

Effective mitigation measures for wind energy
development in the desert southwest of North America
necessitate an understanding of species-specific
responses to wind farms. For a number of species,
wind farm development may not impact habitat quality
(Devereux et al. 2008; Ennen et al. 2012) and may
even increase the suitability of habitat (Agha et al.
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2015). Concrete pads, raw material yards, buildings,
and storage areas may provide refuge for reptiles
(Lovich and Daniels 2000) and mammals (Hethcoat
and Chalfoun 2015). New structural features including
buildings, roads, powerlines, and wind turbines may
facilitate dispersal and foraging for disturbance-tolerant
predators and scavengers (Agha et al. 2017; Smith and
Dwyer 2016; but see Smith et al. 2017). Powerline
supports and turbine lattice towers appear to create novel
hunting perches and nest sites for some avian species
(Howe et al. 2014; Smith and Dwyer 2016), particularly
in desert systems where natural vertical structures and
shade may be limited. On the other hand, wind turbines
have caused extensive mortalities of some bird and bat
species (Kuvlesky et al. 2007; Cryan and Barclay 2009;
Smith and Dwyer 2016), with potential population-level
declines of resident species (Hunt et al. 1998). Wind
farms may also reduce the fitness for some bird species
due to increased foraging costs and poorer quality
nesting sites (Pearce-Higgins et al. 2009; Mahoney and
Chalfoun 2016). Some reptile species may experience
greater mortality and lower survival due to increases in
hunting perches for avian predators (Barrows et al. 2006;
Hawlena et al. 2010). Such demographic effects may
eventually lead to population declines of certain species
on wind farms, while other changes in abundance could
reflect avoidance behaviors and displacement by other
species (Leddy et al. 1999; Santos et al. 2010; Villegas-
Patraca et al. 2012; Tanis 2013). Thus, the direct and
indirect effects of wind turbines on local ecological
communities remain uncertain (Lovich and Ennen 2013;
Northrup and Wittemyer 2013).

Varying sensitivities of wildlife species to changes
in habitat suitability at wind farms (relative to pre-
development site conditions) may alter patterns of
community structure and assemblage (Tanis 2013). In
disturbed landscapes, changes in species interactions
are often related to changes in predator activity, which
influences top-down regulation of prey species (Fischer
et al. 2012). Predator activity is an important driver of
terrestrial vertebrate diversity and abundance in desert
systems (Finke and Denno 2004; Ayal 2007; Hawlena
et al. 2010; Fischer et al. 2012). If wind farms create
poor habitat conditions for predators, then prey species
may experience reduced predation pressure and higher
survival in wind farm habitats (Winder et al. 2014).
For example, mortality of avian predators or avoidance
of wind farms by terrestrial predators could improve
survival of ground-nesting birds at wind farms (Smith
et al. 2017). However, if wind farms attract predators,
prey species may experience increased risk of predation
(Barrows et al. 2006; Hawlena et al. 2010), creating an
ecological trap in otherwise suitable habitats (Hethcoat
and Chalfoun 2015).

In this study, we test whether wind farms influence
predation intensity for common terrestrial vertebrates.
We focus on populations of Side-blotched Lizards
(Uta stansburiana) at wind farms relative to reference
areas within the San Gorgonio Wind Resource Area
(SGWRA) of Southern California, USA. Side-blotched
Lizards are moderately tolerant of disturbance, tend
to maintain large populations over small areas (Tinkle
1967), and are found in abundance at sites across the
SGWRA. In addition, Side-blotched Lizards are prey
for a host of vertebrate and invertebrate predators, and
thus, considered an important species in desert food
webs (Tinkle 1967; Parker and Pianka 1975; Wilson
1991).

First, we estimated predation intensity on Side-
blotched Lizards from avian, reptilian, and mammalian
guilds. We compared attack rates on clay model Side-
blotched Lizards at wind farm sites (turbine sites)
against attack rates on clay models placed in nearby
reference sites without energy development (non-
turbine sites) in the SGWRA. Next, we determined
anti-predator behavior of Side-blotched Lizards at
turbine and non-turbine sites by quantifying the distance
that lizards would initiate flight from an approaching
predator (human observer). Behavior in this species is
affected by predation environment (Zani et al. 2013),
and previous work has documented variation in anti-
predator flight behavior for Side-blotched Lizards in
response to differing levels of predator abundance
(Wagner and Zani 2017). We expect that if predators
are more abundant at wind farms, we will find more
clay model attacks at wind farms relative to reference
sites. This would coincide with increased wariness as
expressed by a greater distance from an approaching
predator at which Side-blotched Lizards take flight
(Lima and Dill 1990). Alternatively, lower predator
abundance at wind farms would result in fewer clay
model attacks relative to reference sites. Under this
scenario, lizards at turbine sites would instead exhibit
increased boldness as expressed by less distance from
the predator to take flight and be less wary of potential
predators (Lima and Dill 1990). Thus, measures of
attack rates and anti-predator behavior in a common
desert lizard may shed light on the ecological impacts
of anthropogenic disturbance at wind farms on desert
communities.

MATERIALS AND METHODS

Study sites.—We established nine study plots across
a gradient of habitats within the SGWRA in Southern
California, USA (Fig. 1). We selected four study plots
from populations at wind farms: Mesa (ME), Painted
Hills (PH), Dillon (DI), and Mountain View (MV).
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FiGure 1. Nine study sites in the San Gorgonio Wind Resource Area (SGWRA) in southern California, near Desert Hot Springs, north of
Palm Springs, USA, where predation rates and anti-predator behavior were surveyed for Side-blotched Lizards (Uta stansburiana). Five
study areas lack turbines (dark gray) and were used as reference sites, while four sites contained turbines (light gray) and were considered
as treatments. Insets (centered on 100 x 10 m model array locations) show land-use within a 1 km radius that defined the flight-initiation-
distance study area for each population. Paths (dashed line), roads (gray lines; thickness reflects road traffic volume), transmission lines
(double-dashed line), buildings (squares) and turbine arrays (black) indicate the types of human disturbances present at each site.

Sites ME and PH were developed in the mid-1980s;
these sites have high densities of smaller turbines with
lattice tower bases. Sites DI and MV were developed in
the mid-2000s; these sites have tall, tubular turbines at
lower densities.

We selected five plots from sites without wind tur-
bines as reference populations: Mission (MI), San Gor-
gonio (SG), Whitewater (WW), Desert Hot Springs
(DH), and I-10 Corridor (I-10). Sites MI and SG were
low-disturbance areas at least 2.4 km away from any
paved road disturbances, with limited human activity.
However, site SG experienced substantial erosion and
soil disturbance over the course of the study from illegal
livestock grazing, and we removed data from this refer-
ence site from further analyses (see below). Sites WW
and DH were moderately disturbed areas, with nearby
paved roads used frequently for access to recreation op-
portunities (WW), and substantial human activity such

as hiking and dog walking (DH). Finally, site I-10 was
highly disturbed, 420 m north of a rest stop on a major
interstate (I-10) with substantial traffic noise, off-road
vehicle use, human activity, and multiple transmission
line corridors (Fig. 1).

Estimating rates of predation.—To test the hypoth-
esis that anthropogenic disturbance has altered preda-
tion rates at wind turbine sites relative to reference sites,
we created clay lizard replicas to record predation at-
tempts. Clay models have been successfully used in a
range of studies to infer predation pressure on different
reptile color morphs, sexes, subpopulations, and with-
in different habitats (Husak et al. 2006; Vervust et al.
2007; Gifford et al. 2008). We used Sculpey polymer
clay (Sculpey Products, Stockbridge, Georgia, USA), a
sculpting medium that remains soft unless baked. Using
a vouchered specimen of an adult male Side-blotched
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FiGure 2. A Side-blotched Lizard (Uta stansburiana) in life, and clay model replicas deployed in the field at the nine study sites to
estimate predation rates. (A) An adult male Side-blotched Lizard was used to create model lizard replicas (Photographed by Gary Nafis).
(B) Attack on Uta model by a mammal; note incisor marks and size of teeth marks relative to model torso and human hand, indicative of
a modest-sized rodent such as a Desert Woodrat (Neotoma lepida) or White-tailed Antelope Squirrel (Ammospermophilus leucurus). (C)
Attack by a reptile; note the small teeth marks and shape of mouth, suggestive of a larger lizard such as a whiptail (Aspidoscelis tigris).
(D) Attack by bird; note narrow and deep marks indicative of a smaller passerine. (E) Some models were molested by arthropods such as

ants and beetles. (Photographed by Jade Keehn).

Lizard from the Museum of Natural History of the Uni-
versity of Nevada Reno, USA (UNR 5028), we created
a plaster mold of the body and tail. We pressed softened
clay into the mold to form the body of the model, and
then added clay to form arms and legs by hand, shap-
ing them into a natural alert stance (Fig. 2). We used
orange, blue, and yellow spray paint to color the models
in a pattern similar to the adult breeding colors of males.
However, it should be noted that the colors approximat-
ed a Side-blotched Lizard to our (human) eyes, and may
not have accurately matched the colors perceived by
non-human predators (Osorio et al. 1999; Jacobs 1981,
2009).

In June of 2014, we deployed models in open, visible
areas at each of the four turbine and five non-turbine
study plots. We placed 333 models (37 per study plot;
148 in the four turbine sites; 185 in the five reference
sites) at least 10 m apart along four parallel 100 m rows,
oriented in a random cardinal direction. At turbine
plots, we deployed models within 50 m of a turbine ar-
ray. We retrieved models after 10-13 d; however, high
substrate temperatures (up to 55° C) likely hardened the
clay preventing additional imprints after 4-5 d.

After retrieving all the models, we used the impres-
sions left in the clay (e.g., beak marks, tooth patterns,
etc.) to categorize predation attempts as those from
birds, reptiles, rodents, and mammalian carnivores. We
tallied the total number of attacks, and the number of at-
tacks by predator guild for reference and treatment sites.
We then compared differences in total predator attack
rates between turbine and non-turbine sites, as well as
differences in rates by the predator classes between tur-

bine and non-turbine sites using Mann-Whitney U (two-
sided Wilcoxon rank sum) tests (o < 0.05; n =4,
n =4)in R v3.2.2 (R Core Team 2015).

reference

turbine

Quantifying anti-predator behavior—We hypoth-
esized that changes in the richness and diversity of
predators at wind farms might lead to changes in the
anti-predator behavior of Side-blotched Lizards. We
quantified anti-predator behavior as the average flight-
initiation-distance (FID) of individual lizards (Cooper
and Whiting 2007), which is the distance at which a
lizard flees from an approaching predator (human). In
August 2014, we conducted FID trials on unmarked liz-
ards at each of the nine study sites within a 1 km radius
of the model deployment area (Fig. 1), and no greater
than 0.25 km from the nearest wind turbine array for
turbine sites.

For each FID trial, an observer simulated a preda-
tor approach by walking a standardized approach pace
of approximately 0.4 m/sec towards a lizard from a
starting point of within 45 degrees of the snout (i.e.,
facing the lizard) at a distance of 4 m from the lizard.
The approach ended when the target lizard fled from
the observer. At the end of the approach, we recorded
FID as the linear distance, to the nearest cm, between
the starting perch of the lizard and the observer at the
time of flight. We noted the age class (adult, subadult,
hatchling, or unknown) and sex (male, female, or un-
known) of the fleeing lizard based on size, coloration,
and appearance. We also recorded perch type (rock or
bare ground), perch height (cm), perch (substrate) tem-
perature (Enviro-safe Pocket Thermometer, Thomas
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Scientific, Swedesboro, New Jersey, USA; © C), time of
day, sun exposure (full sun, partial sun, cloudy), canopy
cover above perch (none or shrub cover above a perch
that would obscure a top-down view of lizard from di-
rectly above), date, site, treatment (wind farm or refer-
ence site), and observer. We targeted lizards perched on
rocks or bare ground so that lizards had a clear view of
approaching observers, and we did not conduct trials on
lizards perched in shrubs or otherwise obscured from the
approaching observer. We only conducted trials during
the morning activity period between 0700-1100, with
substrate temperatures between 30-45° C. To minimize
potential differences in FID resulting from differences
in observer appearance (i.e., conspicuousness, perceived
threat, etc.), each of the four possible observers dressed
in similar colors during trials (white shirt, blue jeans,
hardhat, and sun glasses).

We then used a Student's t-test in R to compare
differences in mean FID between turbine and non-
turbine sites (o < 0.05). In addition, a number of surveys
could not be completed because lizards fled (initiated
a flight response) before surveyors were within trial
distance (4 m). For each site, we calculated the number
of trials not completed relative to the total number
of trials and compared the percentage of FIDs > 4 m
between turbine and non-turbine sites using a Mann-
Whitney U (two-sided Wilcoxon rank sum) test in R (a
< 005’ nturhine = 4’ nreference = 4)

Finally, we used multiple regression to explore
potential relationships between FID (response variable)
and lizard traits (age class, sex) and various abiotic
and trial conditions (perch height, perch temperature,
site, treatment, observer, etc.). To assess the most
appropriate model for multiple linear regression and
avoid over-parameterization, we performed a model
fitting procedure in R using the glmulti package v1.0.7
(Calcagno and de Mazancourt 2010). The method
exhaustively tests every combination of explanatory
variables in contributing to the response variable
under a general linear model, ranking models via AICc
(Burnham and Anderson 2002). We then used the
top-ranking model for inference, conducting a linear
regression in R.

RESsuLTS

Estimating rates of predation.—We deployed 333
clay lizard models at each of the nine study sites in the
SGWRA (37 models per site). Unfortunately, we were
forced to discard data from site SG; many of our clay
models were trampled by cattle prior to retrieval because
of'illegal grazing at this site. Of'the 296 remaining lizard
models (148 per treatment with four sites each), only 32
models were attacked (10.8%). Of the 32 attacks, nine
were from birds (28.1%), three from reptiles (9.4%),
16 from rodents (50%), one from a carnivore (3.1%),

and three could not be assigned to any taxon (9.4%)
due to ambiguous imprint marks (Fig. 2). In total,
models at wind farm sites with turbines were attacked
11 times, while models at non-turbine reference sites
were attacked 21 times. Nonetheless, these differences
were not statistically significant (W= 12, P=0.309), nor
were any differences in predator attack rates between
treatments by particular predator groups (birds: W= 12,
P =0.285; reptiles: W =12, P=0.186; rodents: W =9,
P =0.882; carnivores: W =10, P = 0.453; unknown: W
=10, P = 0.608).

Quantifying anti-predator behavior—We recorded
data from 638 completed FID trials at the nine study
sites (51-80 trials per site). However, we noted
inconsistencies in FID measurements among observers
at site SG, possibly related to the presence of introduced
cattle on some occasions. Thus, we excluded data from
site SG, leaving 540 FID trials to compare the behavioral
responses of Uta between four sites with and four sites
without wind turbines.

Lizards had a lower FID at wind farms (X = 2.080,
SD = 0.84 m) than lizards at reference sites (X = 2.259,
SD = 0.81 m), and this nearly 20 cm difference in FID is
significant (¢ = 2.527, df = 538, P = 0.012; Fig. 3). We
also recorded 213 incomplete FID trials (FID > 4 m),
or nearly one incomplete trial for every two complete
trials. The proportion of incomplete trials ranged from
0.08 to 0.56 per survey. The proportion of incomplete
FID trials per survey was slightly lower, on average,
at turbine sites (X = 0.29, SD = 0.11) relative to non-
turbine sites (X = 0.32, SD = 0.11), indicating a trend
of increased wariness (flight before initiating approach)
at reference sites; however, the difference was not
significant (W =10, P = 0.686; Fig. 3).

Because flight responses were so variable, we sought
to explore the potential correlates between FID and a
number of possible explanatory variables: age class,
sex, perch height, perch temperate, perch type (rock
or bare ground), canopy cover (none or shrub), sun
exposure (full partial, or cloudy) time of day, date, site,
treatment (turbine or non-turbine), and observer. Our
best-fit model (Table 1) included site, treatment, sex,
and canopy cover as predictors of FID (F, ., = 4.434, P
< 0.001), but explained only 8% of the variance in FID
(#* = 0.081). In this multiple regression, only canopy
cover and site I-10 were significant predictors of FID
(Table 1); lizards perching under shrub cover displayed
lower FID (B =-0.401, P <0.001) and lizards from site
1-10 displayed higher FID (§ = 0.525, P =< 0.001).

DiscussioN
Anthropogenic disturbance can affect the richness

and total abundance of predators, changing the intensity
of predation experienced by prey species in altered
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Ficure 3. Estimates of predation rates (left) and anti-predator flight-initiation-distance (FID; right) of Side-blotched Lizards (Uta
stansburiana) surveyed at reference sites without turbines (ref; dark gray) and at sites with wind turbines (turbines: light gray) in the
San Gorgonio Wind Resource Area (SGWRA) in southern California, near Desert Hot Springs, north of Palm Springs, USA. Symbols
represent mean values, with bars indicating standard error values, and significant differences noted with an asterisk. Inset shows an alert
male Side-blotched Lizard perched on a rock in the open. (Photographed by William Flaxington).

TABLE 1. Summary of the multiple linear regression of the best-fit
model of predictors contributing to variation in flight-initiation-
distance (FID) in Side-blotched Lizards (Uta stansburiana) across
the San Gorgonio Wind Resource Area (SGWRA) in southern
California, near Desert Hot Springs, north of Palm Springs, USA,
with site DH as reference. The best-fit model included site,
treatment, sex, and shrub canopy cover as predictor variables of

FID (F, ,, = 4.434, 7= 0.81, P <0.001).

Factor B Estimate  Std. Error  #-value  P-value
Intercept 2.182 0.119 18.347 <0.001
Site DI -0.134 0.143 -0.936  0.350
Site I-10 -0.526 0.147 3.574  <0.001
Site ME -0.194 0.143 -1.354  0.176
Site MI 0.179 0.157 1.137 0.256
Site MV -0.254 0.149 -1.711 0.088
Site PH 0.195 0.157 1.241 0.215
Site WW 0.076 0.148 0.512 0.609
Treatment 0.195 0.157 1.241 0.215
(wind farm)

Sex (male) -0.036 0.078 -0.459  0.646
Canopy (cover) -0.401 0.095 -4.219 <0.001

habitats (Fischer et al. 2012). Atthe SGWRA, renewable
wind energy sites are characterized by greater levels
of anthropogenic disturbance than nearby reference
sites without wind turbines (Keehn 2016). Thus, we
expected that changes in habitat quality would influence
community composition and species interactions,
especially predation. Specifically, we predicted that
Side-blotched Lizards, a common and abundant prey
species, would experience altered predation intensity
and change their behavior accordingly at disturbed wind
turbine sites relative to reference sites. Indeed, we found
that predator attacks on lizard models were less frequent
at turbine sites (though not significantly so), and that
these lizards were also measurably less wary. Thus, our
study suggests that anthropogenic disturbance at wind
farms has indirectly influenced Side-blotched Lizards,
and this species has responded to through behavioral
changes that best suit local biotic conditions.

We found that attack rates on lizard models were
nearly half as frequent at turbine sites than those at
reference sites. However, our results lacked statistical
robustness because of the paucity of attacks per location
and overall preclude us from fully assessing the strength
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and significance of differences between treatment
groups. Of 296 models deployed, only 32 experienced
attacks, making inferences of predator activity and
predation pressure across sites and predator groups
difficult.

Our overall, average avian attack rate of 3.0% was
within the range of documented clay model attack rates,
albeit on the low end (Brodie 1993; Hinman et al. 1997).
We noted that most beak prints were small and narrow,
characteristic of smaller species such as the Rock Wren
(Salpinctes obsoletus) or the Loggerhead Shrike (Lanius
ludovicianus). Other potential predators were easily
identified, including larger lizard predators of Uta, and
local rodents, many of which are omnivorous (such as
White-tailed Antelope Squirrels, Ammospermophilus
leucurus) and known to depredate small lizards
opportunistically (Bradley 1968). However, many
predators, such as snakes and large invertebrates, are
less visually oriented than other predators such as birds
or diurnal mammals. Thus, predation intensity by these
guilds is poorly approximated using a model lizard
attack rate proxy (Baird et al. 1997; Husak et al. 2006).
In addition, we observed beetles and ants disturbing the
clay models, and it is unclear whether this activity drew
the attention of additional predators.

Side-blotched Lizards also appeared less predator-
averse at wind farm sites compared to reference sites.
Lizards at turbines sites showed a significantly lower
flight-initiation-distance (FID) than those at reference
sites without turbines. These results are consistent
with data from biotic surveys that document fewer
encounters of most potential Side-blotched Lizard
predators (especially birds) at the same wind farm and
reference sites studied here. There were fewer arachnids,
mammals, raptors, and songbirds encountered per search
hour at turbine sites compared to reference sites, and
turbine sites contained lower predator richness overall
(Keehn 2016). Taken together, our data on attack
rates and anti-predator behavior, along with ecological
information on these sites (Keehn 2016), suggest that
predation pressure may be lower on Side-blotched
Lizards at wind farms in the SGWRA, despite the lack
of resolution from our estimates using clay models.

We also observed tremendous variation in anti-
predator behavior between individual lizards, much
more than between sites or treatment. This variation
was not explained by sex (Lailvaux et al. 2003), size
class (Lopez et al. 2005), or thermal environment
(Bulova 1994). We did find that lizards perched under
a shrub canopy were less wary (lower FID) than lizards
that perched in the open. We observed that shrubs
were often closer to burrowing and refuge sites than
other perches, which is consistent with other work
demonstrating that lizards closer to potential refuges
(burrows and cover sites in shrubs) tend to be less wary

(Cooper 2003a; Zani et al. 2009), and that open habitats
may also increase visibility of prey to foraging predators
(Cooper 2006). Individual variation in flight responses
may be influenced by a number of additional underlying
and unmodeled factors, including prior experience
with a predator (Olla and Davis 1989) or physical and
physiological condition (Bauwens and Thoen 1981;
Johnson et al. 1996; Cooper 2003b; Lopez et al. 2005).
Such individual level variation, if heritable, would
create an opportunity for lizards to adapt to differences
in predation pressure between sites (Storfer and Sih
1998).

While differences in predation pressure may explain
the significance of the treatment effect on wariness
behavior, it is possible that a number of other selective
pressures may be influencing the behavior of Side-
blotched Lizards at wind farm sites. For example,
lizards could experience habituation to higher levels
of human activity at wind farms (McGowan et al.
2014; but see Amo et al. 2006). Habituation has been
documented in geese (Madsen and Boertmann 2008);
however, it is unclear whether animals are responding
to infrastructure or human activity. Our results do not
support a habituation effect, as wariness was not related
to magnitude of human activity among reference sites
(e.g., heightened wariness at disturbed reference site
1-10).

Wind infrastructure may directly influence animal
wariness in ways that are unrelated to actual predation
intensity. For example, California Ground Squirrels
(Otospermophilus beecheyi) display increased wariness
behavior (measured as foraging activity, alertness, and
time spent away from predator refuge sites) in noisy
wind farm environments (Rabin et al. 2006). The effect
was attributed to masking of anti-predator vocalizations
by wind turbines, as control and treatment sites had
similar levels of predator abundance (Rabin et al. 2006).
We documented fewer clay model attacks at wind farms,
which supports our conclusion that lower wariness
behavior at wind farms is a consequence of reduced
predator activity (or foraging efficiency).

Wind farms may affect frequency of interactions
between predators and prey species by reducing predator
abundance (through increased mortality or habitat
displacement) at wind farms. While a predator refuge
effect has been suggested as a mechanism for higher
survival rates of Greater Prairie-chickens (Tympanuchus
cupido; Smith et al. 2017), Desert Tortoises (Gopherus
agassizii; Agha et al. 2015), and for European
Hamster (Cricetus cricetus) persistence (Lopucki and
Perzanowski 2018) at wind farms, we are not aware of
any studies that directly quantify this effect. Predators
(as well as prey) will likely exhibit species- and site-
specific responses to wind farm development (Smith
and Dwyer 2016), and additional research is also needed
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to better predict the cumulative effects on wildlife
community composition. For example, terrestrial or
disturbance-tolerant avian predators and scavengers
may compensate for the absence of other more sensitive
avian predator species at wind farms.

Wind farms are a sustainable energy solution with
minimal direct disturbance and associated habitat
loss compared to other means of energy production
(Denholm et al. 2009). However, wind farms have
one of the largest spatial footprints (Mega Watts
produced per acre) and require expansive total project
areas (Kiesecker et al. 2011). Dispersed infrastructure
can cause habitat fragmentation and disturbance over
large areas that can significantly alter habitat quality,
especially when facilities are sited in previously
undisturbed habitats. As seen with urban development,
loss of habitat connectivity and associated disturbance
at wind farm sites may alter the diversity and function of
affected natural systems (Rapport et al. 1985; Sullivan
et al. 2017). In our study, wind farm developments
appear to have altered ecologically relevant predator-
prey interactions and their attendant behaviors in a
common lizard species. We suggest that wind farms
may indirectly impact habitat quality in other prey
species by similarly modifying patterns of species
interactions and associations. Continued research on the
use or avoidance of wind farms by prey and predators
alike will assist land managers charged with mitigating
the negative effects of wind energy development on
wildlife.
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