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ABSTRACT—During 2009 and 2010, we observed common side-blotched lizards (Uta stansburiana) in two types
of vegetation along the Virgin River in Nevada and Arizona: monotypic stands of nonnative saltcedars
(Tamarix) and mixed stands of cottonwoods (Populus fremontii), willows (Salix gooddingii), mesquites (Prosopis),
and saltcedar trees. Using mark-recapture techniques, parameters were recorded from 233 individual lizards.
We detected no significant difference in parameters between monotypic stands of nonnative saltcedars and
mixed vegetation. However, lizards selected habitats having a more open vegetative structure and parameters
were correlated negatively with canopy cover. Greatest canopy cover occurred in sites having >65% stem
counts for saltcedar trees. Our results suggest that common side-blotched lizards use habitats with similar
structural characteristics in both mixed and nonnative vegetation, and that they avoid sites with dense canopy
cover as in the densest stands of saltcedars.

RESUMEN—Durante 2009 y 2010, observamos las lagartijas costado manchado (Uta stansburiana) en dos tipos
de vegetación a lo largo del rı́o Virgin en Nevada y Arizona: rodales de cedro salado (Tamarix) no nativo y
rodales mixtos de álamo (Populus fremontii), sauce (Salix gooddingii), mezquite (Prosopis), y cedro salado.
Utilizando técnicas de marca-recaptura, obtuvimos parámetros poblacionales de 233 individuos. No
encontramos ninguna diferencia significativa en los parámetros entre lugares dominados por el cedro salado
y lugares con vegetación mixta. Sin embargo, las lagartijas seleccionaron hábitats que tienen una estructura de
vegetación más abierta y los parámetros se correlacionaron negativamente con la cobertura del dosel vegetal.
El dosel vegetal mayor fue encontrado en sitios donde >65% del conteo de tallos fue de cedro salado.
Nuestros resultados sugieren que las lagartijas costado manchado utilizan hábitats con similares caracterı́sticas
estructurales tanto de vegetación mixta como de vegetación no nativa, y evitan sitios con un dosel vegetal
denso, tales como se encuentran en rodales densos únicamente de cedro salado.

Riparian communities are among the most biologically
diverse habitats on Earth (Naiman et al., 1993). Riparian
habitats are important for a variety of wildlife, including
butterflies (Nelson and Wydoski, 2008), mammals (Ellis
et al., 1997; Ellison and van Riper, 1998), birds (Szaro and
Jakle, 1985), reptiles, and amphibians (Szaro and Belfit,
1986; Bateman et al., 2008a, 2008b). Within riparian
communities, physical processes, such as flooding, ero-
sion, and groundwater interact with vegetation in a
complex manner where each influences the other (Ever-
itt, 1980).

Conservation biologists increasingly are concerned as
regulation of streams and invasions by nonnative species
have altered riparian habitats. Regulation of rivers impact
relationships between vegetation and physical processes
by altering hydrologic patterns leading to loss of native
riparian vegetation and proliferation of nonnative vege-
tation (Merritt and Cooper, 2000). The nonnative and

invasive saltcedar (Tamarix) is currently the third-most-
abundant riparian tree in the western United States
(Friedman et al., 2005). Saltcedars can establish mono-
typic stands altering structure of habitats to the detriment
of native biota (C. R. Deloach et al., in litt.). Smith et al.
(1998) reported that saltcedars can invade habitat
formerly occupied by native riparian vegetation due to
its high tolerance to drought. Many taxonomic groups
respond negatively to saltcedars; Nelson and Wydoski
(2008) reported diversity of riparian butterflies was
greater in native vegetation in Colorado. Along the
Colorado River, species richness of birds was lower in
saltcedars compared to native vegetation (Anderson et al.,
1977). Rare and specialist species of rodents and lizards
had lower abundances in monotypic saltcedar vegetation
compared to mixed native and nonnative stands along
the Virgin River (Bateman and Ostoja, 2012).

Although many studies indicate that saltcedars may



negatively impact native riparian wildlife, there is debate
over impacts of this invasive species. For example, in
central Arizona, the endangered southwestern willow
flycatcher (Empidonax traillie extimus) breeds in saltcedars
with no apparent negative effect (Sogge et al., 2005).
Along the middle Rio Grande in New Mexico, abundance
and richness of arthropods and small mammals were
greater in saltcedars compared to native cottonwoods
(Populus deltoides) and willows (Salix; Ellis et al., 1997,
2000). Zavaleta et al. (2001) proposed that control of
invasive species can affect native habitat adversely if not
planned appropriately. Therefore, understanding how
saltcedars affect a variety of populations of native plants
and animals in different locations is important for
management of this nonnative species.

Herpetofauna, which use riparian habitats, may pro-
vide insight into how structural shifts in riparian
vegetation caused by nonnative invasive plants affect
native biota. Populations of lizards respond to structural
changes in habitats (Pianka, 1967) and have responded
positively to removal of saltcedar trees. For example,
southwestern fence lizards (Sceloporus cowlesi) and New
Mexico whiptails (Aspidoscelis neomexicana) increased in
relative abundance after nonnative plants were removed
along the middle Rio Grande in New Mexico (Bateman et
al., 2008a). Reptiles and amphibians are good indicators
of environmental conditions and changes (Bateman and
Paxton, 2010). Therefore, lizards may be used as a model
to better understand impacts of saltcedars.

Ecology and life history of the common side-blotched
lizard (Uta stansburiana) have been well documented
(Tinkle, 1967; Parker and Pianka, 1975; Fox, 1978;
Ferguson and Fox, 1984; Wilson, 1992). This small lizard
reaches sexual maturity after its first winter and is annual
in its life history (Tinkle, 1967). Common side-blotched
lizards occur across the western United States from
Washington to Mexico, exhibit great variation in life
history, and use a wide variety of habitats, from rocky
hillsides to desert washes and desert flatlands (Tinkle,
1967). Waldshmidt (1980) noted that presence of both
sun and shade within habitats was important for
maintaining optimal body temperature. Therefore, struc-
tural changes associated with establishment of nonnative
vegetation are important to consider when investigating
use of microhabitats by native species of lizards.

Abundance, condition of body, rate of recapture
(percentage of individuals captured more than once),
persistence, and adult:hatchling ratio are important
characteristics for monitoring populations of lizards.
Condition (mass divided by length) may be used as a
measure of physical condition within a population.
Meylan et al. (2002) discovered that increases in maternal
condition and condition of offspring led to greater
dispersal among hatchlings in the common lizard (Lacerta
vivipara). Persistence, a measure of length of time that
individuals are present at a given site, may be used as a

proxy to factors such as mortality and emigration. For
example, Kreuzer and Huntly (2003) used a similar
measurement (rate of disappearance) to signify maxi-
mum mortality in a mark-recapture study of population
dynamics of the American pika (Ochotona princeps).

Because of its abundance across habitats, well-docu-
mented ecology, and rapid generation time, the common
side-blotched lizard is a suitable focal species for studying
how structural changes in habitat caused by presence of
nonnative vegetation may impact structure of populations
and use of habitats by native biota. Our objectives were to
determine how this species uses nonnative habitats and if
quality of habitat for side-blotched lizards differs between
monotypic stands of saltcedars and mixed stands of
cottonwoods (P. fremontii), willows (S. gooddingii), mes-
quites (Prosopis), and saltcedars. We predicted that if
nonnative vegetation provides poorer quality habitat to
lizards, then use of habitats and parameters of popula-
tions will exhibit a negative relationship to nonnative
vegetation.

MATERIALS AND METHODS—Our study was conducted along 50
km of the Virgin River riparian corridor. This area is within Clarke
County, Nevada, and Mohave County, Arizona. Geographically,
the study area is bounded to the north by 36853053.829 00N,
113855 019.906 00W and to the south by 36839 041.558 00N,
114818 027.532 00W. Average annual rainfall was 15.5 cm and
average annual temperature reached a maximum of 28.18C
during summer and a minimum of 8.58C during winter (Desert
Research Institute, www.wrcc.dri.edu).

Study sites were established in mixed-native and nonnative
saltcedar vegetation. Mixed-native sites were characterized by
stands of cottonwoods, willows, mesquites, and saltcedars. Sites
with nonnative saltcedars were characterized by monotypic
stands of saltcedar trees. Common species of shrubs in study
sites included arrowweed (Pluchea sericea), baccharis (Baccharis
emoryii), catclaw (Acacia gregii), thornbush (Lycium cooperi), and
Brewer’s saltbush (Atriplex lentiformis).

To investigate use of microhabitats, we conducted visual-
encounter surveys at eight sites, with �6 visits/site. Surveys were
conducted May–August 2010 during 0900–1300 h. We recorded
starting and stopping times of each survey, air temperature, and
other environmental conditions such as wind speed and cloud
cover. To avoid temporal bias in weather, we assured that
temperature, wind speed, and cloud cover were similar among
sites before each survey. We used ArcGIS, version 9.3.1
(Environmental Systems Research Institute, Redlands, Califor-
nia), to generate 1.5 random points/ha with ‡50-m spacing
between points per site. Using a handheld GPS unit, we used the
generated surveying points to navigate through sites by walking
upstream to downstream. We made observations of lizards while
walking in the direction of the next generated point.

To examine whether lizards used all available microhabitats
within the Virgin River riparian corridor, we collected data on
microhabitat for each sighting of lizards and for each
generated point in eight study sites. This allowed for
characterization of habitats at all study sites, even where there
was no sighting of lizards. Due to small size of home range of
the common side-blotched lizard (ca. 0.06 ha, although
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variable; Tinkle, 1967) and the large size of each study area,
each sighting was considered an independent observation. For
each encounter with a lizard, we noted age class (hatchling or
adult) and the exact location and activities when first sighted.
We recorded activity (i.e., stationary in shade, stationary in sun,
running, or on perch) and type of substrate used by the lizard
(i.e., woody debris, soil, rock, or litter). The exact point where
we first observed the lizard was called the lizard point; points
generated for navigation were termed generated points.
Methods used to measure microhabitats were modifications
of those described by Paulissen (1988) and Martin and Lopez
(1998).

To characterize use of microhabitats by lizards, we measured
11 microhabitat variables at each lizard point and generated
point within a study area. At the lizard or generated point we
recorded type of substrate and distance above ground. Also, at
each point, we measured canopy cover by averaging two
readings using a concave densiometer (Forest Densiometers,
Bartlesville, Oklahoma). To account for difficulty in locating
generated points, once we reached the location as indicated by
the GPS unit, we tossed a flag and used the landing point to
record microhabitat variables. We recorded ground temperature
with a Spot IR digital thermometer (Karknee Industrial
Holdings, Ltd., Shenzhen, China) and air temperature at 15
cm above the point using a Kestrel 4500 weather tracker
(Nielsen-Kellerman, Boothwyn, Pennsylvania). We measured
distance to woody material at the base of the three nearest
shrubs or trees >20 cm tall and recorded species of plant. We
measured distance to the nearest open patch of sunlight that
was ‡15 by 21 cm. If the point was already in an open patch,
distance was recorded as zero. We measured distance to nearest
refuge and recorded type (e.g., burrow, log, rock crevice, or
other hiding structure). To account for microhabitat and not
broader characteristics, we limited the searching radius for
shrubs, open patches, and refugia to 5 m from the point (any
farther was considered to be infinity or absent). We visually
estimated percentage vegetation cover �1 m above the ground
in a 0.5-m-radius circle centered on the point. Modified Braun-
Blanquet (1965) classes were used for percentage cover of
vegetation.

To determine influence of type of vegetation, we established
20 herpetofauna trapping arrays ‡200 m apart and ‡25 m from
edges of habitats. Trapping arrays had three 6-m-long drift
fences radiating at 0, 120, and 2408 from the center, four 9-L
pitfall traps (one in the center and one on each end of the drift
fences; they were set flush with the ground), and one 0.5-m
funnel trap near the middle of each section of drift fence. Arrays
were placed randomly in stands 300–400 m in diameter with
one-half in mixed stands and one-half in stands of nonnative
saltcedars.

We captured, marked, measured, and released common side-
blotched lizards during June–August 2009 and 2010 using arrays
consisting of funnel and pitfall traps (modified from Jones,
1981). Individuals were given a unique toe-clip for later
identification (Waichman, 1992). We measured snout–vent
length, vent–tail length, and mass (g) of each individual. We
identified sex and age class (hatchling or adult) of each
individual. We considered adults to be any individual ‡40 mm
snout–vent length; smaller individuals were classified as hatch-
lings (range, 22–29 mm). We quantified parameters of
population such as abundance (number of individuals/100 trap

days), adult:hatchling ratio, condition (mass of body divided by
length of body), persistence (mean length of time individuals
persisted at a site), and rate of recapture (percentage of
individuals captured more than once) at each site. To relate
structure of population to structure of vegetation, we measured
canopy cover at each site by averaging densiometer readings
taken from four 2 by 2-m grids at each trapping location.
Proportion of saltcedar was measured as point-intercepts along
two 20-m transects at each site.

Because of small samples, statistical analyses were reported
with a significance level of P < 0.10 (SigmaPlot 11.0, Systat
Software, Inc., Chicago, Illinois). Lizards were captured using
herpetofauna trapping arrays during 2 summers; therefore,
design of our study was a random two-factor factorial with
repeated measures (replication of years). We used a two-factor,
repeated-measures ANOVA to test for differences in abun-
dance of lizards between mixed and nonnative stands and to
determine if there was a significant affect of year and
vegetation on abundance of lizards. We used chi-square
analysis to determine which variables of microhabitat showed
significant differences between use by lizards and available
habitat. We used a test of proportions (Z) for all significant
variables of microhabitat to determine which categories of
microhabitats were selected or avoided. We used linear-
regression to relate parameters of populations of hatchlings
such as condition, persistence, rate of recapture, and adult:h-
atchling ratio to percentage canopy cover at each site. We used
regression analysis to relate abundance of adult lizards to
canopy cover.

RESULTS—We captured a total of 233 individual lizards
(202 hatchlings and 31 adults) in 2009 and 2010. Three of
20 trapping arrays yielded no capture of common side-
blotched lizards during either year. Average abundance of
lizards was similar in mixed-native (2009, 18.1 – 6.4; 2010,
30.8 – 9.9) and nonnative (2009, 20.8 – 7.4; 2010, 23.1 –
5.7) vegetation and there was no difference between years
(type of vegetation, n = 20, P = 0.77, F1,16 = 0.09; year, n
= 20, P = 0.29, F1,16 = 1.39; and vegetation-by-year
interaction, n = 20, P = 0.62, F1,16 = 0.28).

We observed 16 individual common side-blotched
lizards during visual-encounter surveys and generated 52
surveying points. Of the nine variables of microhabitats
analyzed, lizards selected microhabitats with moderate
levels of canopy cover, not in proximity to shrubs, and
selected perches elevated from the ground (Table 1).
Substrate, refuge, distance to open patch of sunlight, and
type of nearest shrub were not significantly different
between used and available habitats.

Monotypic stands of saltcedars had greater canopy
cover (n = 20, P = 0.08, Mann-Whitney U19 = 26, 82.8% –
3.2 SE) compared to mixed stands (59.3% – 9.4 SE).
Abundance of lizards was not correlated significantly with
percentage canopy cover for adults (n = 20, R2 = 0.10, P
= 0.18, F19 = 1.96) or for hatchlings (n = 17, R2 < 0.01, P
= 0.92, F16 = 0.01). Condition of hatchlings was
correlated significantly and negatively with percentage
canopy cover (Fig. 1a). Adult:hatchling ratio was corre-
lated negatively with canopy cover (n = 17, R2 = 0.43, P =
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0.01, F16 = 11.54). Rate of recapture (Fig. 1b) and
persistence (Fig. 1c) of hatchlings were correlated
negatively with canopy cover.

DISCUSSION—Our study demonstrated that common
side-blotched lizards use sites with moderate levels of
both native and nonnative vegetation. Within these
stands, lizards seek microhabitats with less canopy cover
and avoid areas with >75% canopy cover, as typically
occurs in dense monotypic stands of saltcedars along the
Virgin River. Although we predicted that abundance of
common side-blotched lizards would be lower in mono-
typic stands of saltcedars compared to sites with mixed
vegetation, abundance of lizards was not significantly
different between these types of vegetation. However,
population-level parameters such as condition of hatch-
lings, rate of recapture, and persistence were lowest in
sites with high canopy cover (i.e., >75% cover). Because
monotypic stands of saltcedars had the greatest canopy
cover, this indirectly corroborates the hypothesis that
saltcedar-dominated habitats are lower in quality due to
disruption of the sun-shade mosaic of microhabitat that is
critical to thermoregulation for lizards.

Because rate of recapture and persistence were

TABLE 1—Chi-square analyses and test of proportions of
variables of microhabitats measured at points of sightings of
common side-blotched lizards (Uta stansburiana; use of habitats
by lizards) and GIS generated points (available habitats) within
mixed (i.e., native woody trees and saltcedar trees, Tamarix) and
nonnative-saltcedar vegetation along the Virgin River in Arizona
and Nevada, May–August 2010.

Variable
(Chi-square, df )

Use of habitats by
lizards (%)

Available
habitats (%)

Z-testn = 16 n = 52

Canopy cover (%)

0–50 43.8 50 0.15
50–75 43.8 5.8 3.35a

>75 (39.69, 2) 12.5 44.2 2.00a

Understory (%)

0–50 93.8 71.2 1.52
>50 (4.66, 1) 6.3 28.8 1.52

Distance to refuge (m)

<1 62.5 67.3 0.05
1–2 12.5 25 0.71
>2 (10.09, 2) 25 7.7 1.44

Nearest shrub (m)

0–1 37.5 69.2 1.98a

>1 (7.27, 1) 62.5 23.1 1.98a

Height above ground

Not elevated 62.5 92.3 2.54a

Elevated (26.67, 1) 37.5 7.7 2.54a

a Z-test of proportions are significant at P � 0.10.

FIG. 1—a) Condition (R2 = 0.412, F16 = 10.55, P = 0.005), b)
rate of recapture (R2 = 0.22, F16 = 4.26, P = 0.06), and c)
persistence (R2 = 0.22, F16 = 4.17, P = 0.06) of hatchling
common side-blotched lizards (Uta stansburiana) captured along
the Virgin River in Arizona and Nevada during May–August 2009
and 2010. Solid circles represent sites with <65% saltcedars, and
open circles represent sites with ‡65% saltcedars.
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correlated negatively with canopy cover, these dense
habitats may have greater dispersal of newly hatched
lizards. Common side-blotched lizards actively compete
for and defend territories (Tinkle, 1967). Therefore, it is
presumable that hatchlings disperse from natal sites to
seek territories. Doughty and Sinervo (1994) reported
median distances of dispersal for hatchling common side-
blotched lizards to be 20–40 m and that the majority of
dispersal took place within a month of hatching. Dispersal
could explain why rate of recapture and persistence were
correlated negatively with canopy cover; whereas, abun-
dance of hatchlings showed no relationship. Soon after
hatching, individuals may be abundant across a broad
range of microhabitats because they are searching for
territories. However, rate of recapture and persistence
indicate that hatchlings persist longer within microhab-
itats with moderate levels of canopy cover regardless of
species of plants that are present.

Although average canopy cover at sites where adults
were captured was not significantly less than sites where
adults were not captured, two conditions may have
influenced this result. First, the number of adults
captured was low and they were recorded in <50% of
sampling areas. This small sample may have inhibited
our ability to detect significant differences. Second,
several sites yielded only one adult, suggesting a small
population of adults. However, where hatchlings were
captured, patterns were evident that suggested higher-
quality habitats existed within vegetation with more
open structure. Similar patterns of selection for
moderate levels of cover have been detected for
common side-blotched lizards in other studies. For
example, Baltosser and Best (1990) noted that these
small lizards used microhabitats within desert-scrub
habitats that had ca. 60% vegetative cover and 40%
bare ground.

We propose that abundances of lizards were similar in
mixed stands and in monotypic stands of nonnative
saltcedars because structural requirements that provide
sunlight and shade needed for small ectothermic
organisms to thermoregulate were met (Waldschmidt,
1980; Adolph, 1990) in all but the most shaded habitats
typical of dense monotypic stands of saltcedars. Ther-
moregulatory requirements of common side-blotched
lizards may be met in habitats with an adequate amount
of sunlight and shade; therefore, physiognomy of
habitats may be more important than species of
vegetation. On the San Pedro River in Arizona, Strom-
berg (1998) discovered that vegetative characteristics
important to wildlife, such as availability of light and
density of stands, were equivalent between saltcedars and
native vegetation. In our study, the only site that
produced no capture or encounter of lizards during
surveys was a monotypic stand of saltcedars with >80%
canopy cover. On the lower Colorado River, a threshold
response was observed in which abundances of birds

were greatest in habitats characterized by moderate
levels of saltcedars and few birds were present in dense
stands of saltcedars (van Riper et al., 2008). Similarly,
under moderate levels, sites with saltcedars may resem-
ble mixed habitats of native and nonnative riparian
vegetation and support populations of common side-
blotched lizards along the Virgin River. However, when
densities and canopies of saltcedars become exceedingly
high, the habitat may no longer support populations of
common side-blotched lizards.

Saltcedars have become a concern for private land-
owners and resource managers, and much funding has
been allocated for study and management of this
nonnative species (Pimentel et al., 2005; Shafroth et
al., 2005). Because of large variation in density of
saltcedars and because many stream reaches in the
Southwest do not contain a complete gradient of stands
comprised mostly of native riparian vegetation to dense
monotypic stands of saltcedars for comparison, there are
many conflicting results as to impacts of saltcedars on
wildlife; thus fueling debate over this invasive plant.
Many investigations have determined that native wildlife
does use saltcedars. However, there may be an upper
limit of density and dominance of saltcedars where
biotic communities no longer resemble native riparian
habitats.
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