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High-severity forest fires are increasing in large areas of the southern and western United States as the climate becomes
warmer and drier. Natural resource managers need a better understanding of the short- and long-term effects of
wildfires on lizard populations, but there is a paucity of studies focused on lizard-wildfire relationships. We used a
before-after, control-impact (BACI) sample design to assess the response of three lizard species—Six-lined Racerunner
(Aspidoscelis sexlineata), Prairie Lizard (Sceloporus consobrinus), and Little Brown Skink (Scincella lateralis)—to high-
severity wildfires that occurred in the Lost Pines Ecoregion, Texas, USA. Specifically, we analyzed monitoring data
collected across 17 trapping sessions from spring 2008 to spring 2013 using stratified N-mixture models to estimate
trends in lizard abundances, while accounting for environmental parameters that might influence lizard detectability.
We found no evidence of a fire-induced change in abundance for any of the lizard species we studied, but there was an
increase in detectability of A. sexlineata following the wildfires. Detectability of A. sexlineata and S. lateralis increased
with air temperature, detectability of S. consobrinus decreased with precipitation, and detectability was related to Julian
day for all three species. Mean detection probabilities were low (,0.1), suggesting capture-mark-recapture methods at
a subset of sample units should be implemented to derive more accurate estimates in future monitoring efforts. Our
results provide quantitative evidence of the short-term effects of high-severity wildfires on three widely distributed
lizard species. Given the wildfires did not result in decreased lizard abundances, managers should minimize their vehicle
footprints off of roads during post-wildfire habitat restoration to avoid soil compaction and the potential for direct
mortality.

F
UNDAMENTAL to wildlife management is the ability
to forecast how species will respond to changes in the
environment. Improved understanding of wildlife

population-level responses to high-severity wildfires (i.e.,
wildfires that kill or top-kill the majority of live vegetation
and consume the majority of dead organic matter) is needed
to assist land managers with post-fire management decisions
(Bisson et al., 2003; Beschta et al., 2004). This information is
critical in much of the southern and western United States,
especially in pine-dominated and mixed-pine forests (Miller
et al., 2009; Miller and Safford, 2012) where climatic shifts
toward warmer and drier conditions, coupled with long-
standing and broad-scale fire suppression, have resulted in an
escalation of high-severity wildfires (Litschert et al., 2012;
Crotteau et al., 2013; Hurteau et al., 2014).

There is a paucity of information concerning the response
of lizards to high-severity wildfires in the United States. In a
chaparral dominated mountain range of the southwestern
United States, lizard relative abundance, richness, and
diversity was greater in a burned forest three years following
a high-severity wildfire (Cunningham et al., 2002). Further-
more, there was no evidence high-severity wildfires resulted
in direct mortality of Six-lined Racerunners (Aspidoscelis
sexlineata) or Prairie Lizards (Sceloporus consobrinus) in a
southern United States mixed pine/hardwood forest (Brown
et al., 2014a). Additional studies in Australia found the
direction and magnitude of reptile population-level respons-
es to high-severity wildfires were species specific (e.g.,
Braithwaite, 1987; Driscoll and Henderson, 2008; Pianka
and Goodyear, 2012; Doherty et al., 2015). Thus, there is a
need for additional research on both short- and long-term
effects of high-severity wildfires on lizards in the United

States. Furthermore, fires in Australia have been linked to
increased movement rates of reptiles, which led to increased
captures in pitfall traps (Driscoll et al., 2012). Therefore,
accounting for heterogeneous detection probabilities is
necessary to separate population-level responses of lizards
and fluctuations in sample efficiency among habitat distur-
bance treatments.

In this study, we investigated population-level responses to
high-severity wildfires and examined factors that might
influence detection probabilities of A. sexlineata, S. consobri-
nus, and Little Brown Skink (Scincella lateralis). These species
have large geographic ranges and differing habitat associa-
tions. Aspidoscelis sexlineata and S. lateralis are distributed
throughout the southern and eastern United States, and S.
consobrinus are distributed throughout much of the central
United States (Jones and Lovich, 2009). Aspidoscelis sexlineata
are associated with hot and dry environments, sandy soils,
and open canopies (Bellis, 1964; Paulissen, 1988; Trauth and
McAllister, 1996). In contrast, S. consobrinus are associated
with open and edge habitats (Ferguson et al., 1980; Jones and
Lovich, 2009). Furthermore, S. consobrinus are negatively
associated with litter depth (Bateman et al., 2008) but
positively associated with ground cover and downed woody
debris (Perry et al., 2009). Lastly, S. lateralis are positively
associated with interior forest habitats with deep litter (Fitch
and von Achen, 1977; Watson, 2009; Sutton et al., 2010,
2014).

We monitored these lizard species in a southern United
States mixed pine/hardwood forest for 17 trapping sessions
across six years, a period that overlapped two high-severity
wildfires. Our objectives were to (i) estimate trends in lizard
abundance as part of the larger monitoring program, (ii)
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examine the influence of environmental factors on lizard

detection probabilities, and (iii) identify if burn treatments

influenced lizard abundance and/or detectability. We ana-

lyzed three of the 17 trapping sessions as part of a previous

study (e.g., Brown et al., 2014a). Here, we perform a more

robust analysis to better understand the response of lizards to

high-severity wildfires by incorporating a longer time series

of monitoring data and studying the population dynamics of

an additional species. Based on previous research and natural

history characteristics that were described above, we hypoth-

esized that the high-severity wildfires would lead to an

increase in abundance of A. sexlineata and S. consobrinus and

a decrease in abundance of S. lateralis. We also hypothesized

lizard detection probabilities would be positively related to

temperature and negatively related to precipitation based on

our qualitative observations from six years of monitoring.

MATERIALS AND METHODS

Study area.—This study was conducted on the Griffith

League Ranch (GLR), a 1,948 ha ranch owned by the Boy

Scouts of America and located in the Lost Pines Ecoregion of

Texas, USA. The property is primarily forested, with a pre-

burn overstory dominated by Loblolly Pine (Pinus taeda), Post

Oak (Quercus stellata), Blackjack Oak (Q. marilandica), and

Eastern Red Cedar (Juniperus virginiana), and an understory
dominated by Yaupon Holly (Ilex vomitoria), American
Beautyberry (Callicarpa americana), and Farkleberry (Vacci-
nium arboretum). On 4 September 2011, a high-severity
wildfire ignited from multiple initial fire outbreaks across
the Lost Pines. The fire could not be controlled initially due
to wind gusts in excess of 58 kph resulting from the passage
of tropical storm Lee, coupled with extreme drought
conditions in central Texas (Lost Pines Recovery Team,
2011). After 18 days, the fire was 95% contained, with the
total burn area encompassing 13,406 ha (ca. 39% of the
ecoregion). On 4 October 2011, the fire breached a fire break,
burning an additional 125 ha. The high-severity wildfires on
4 September 2011 and 4 October 2011 burned 987 ha and
80.5 ha of GLR, respectively. This resulted in a total fire effect
on ca. 55% of the property (Fig. 1).

Brown et al. (2013, 2014a, 2014b, 2014c, 2015) described
the effects of the wildfires on forest structure, vegetation, and
terrestrial arthropods on the GLR. Briefly, mean overstory
tree mortality was 87.0% (SD ¼ 28.1%) and mean pole-sized
tree mortality was 97.0% (SD ¼ 10.6%; Brown et al., 2015).
The fires consumed nearly all of the live and dead ground
vegetation, resulting in a ‘moonscaped’ ground layer, but
ground vegetation recovered within a year (Brown et al.,
2014c; Fig. 1). The fires changed the arthropod community

Fig. 1. Aerial image of the Griffith League Ranch (GLR), Bastrop County, Texas, USA and its location with respect to the high-severity wildfires that
occurred in the Lost Pines Ecoregion in September and October 2011. Overlain on the image are the fires and the locations of the drift-fence arrays
and ponds. On the right, images of the terrestrial habitat around a drift-fence array on the GLR before (A), shortly after (B), and ca. 1 y after (C) the
fires.
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composition (e.g., Araneae [spiders] decreased and Gryllacri-

didae [raspy crickets] increased), but total captures of

arthropods was not significantly different before and after

the fires (Brown et al., 2014c). At the same time, red-

imported fire ants (Solenopsis invicta), a potential predator of

lizards (Allen et al., 2004; Newman et al., 2014), were more

prevalent following the reduction in canopy cover (Brown et

al., 2013).

Sample design.—Lizards were monitored from spring 2008 to

spring 2013 using drift fence arrays. Traps were open for 17

trapping sessions, each comprised of a variable number of

trap nights (Table 1). In spring 2008, 18 Y-shaped drift fence

arrays were used for sampling, and prior to spring 2009 an

additional seven linear drift fence arrays were built. The

linear arrays were located adjacent to, and parallel with, pond

borders, whereas Y-shaped arrays were placed in upland

habitat that was primarily forested. The original purpose of

the trap arrangement was to monitor the population status

and assess terrestrial habitat use patterns of the endangered

Houston Toad (Bufo [Anaxyrus] houstonensis; Duarte et al.,

2011, 2014; Vandewege et al., 2013), with arrays constructed

in sets of four distributed from the upper banks of the ponds

into adjacent upland habitat (see Fig. 1). The aboveground

height of the drift fence array flashing was �18 cm, with the

flashing buried ca. 10 cm belowground. Y-shaped arrays

consisted of three 15 m arms with a 19 l center bucket and a

19 l bucket at each arm terminus. Linear arrays consisted of a

15 m arm with a 19 l bucket at each end, and a double-

throated funnel trap in the center of the array on each side of

the flashing (Farallo et al., 2010). Pitfall traps were equipped

with flotation devices to mitigate mortality during bucket

flooding, and both pitfall and funnel traps had wet sponges

to provide a moist environment. Pitfall traps were also

equipped with predator exclusion devices (Ferguson and

Forstner, 2006). For all trapping sessions, traps were checked

each morning to process herpetofaunal captures. In summer

2009, we began cohort marking S. consobrinus and A.

sexlineata via toe clipping. Toe clippings were not carried

out on S. lateralis to minimize the handling of individuals

and avoid tail autotomy.

The fires resulted in a before-after, control-impact (BACI)
sample design with four and two years of pre- and post-burn
data, respectively (Table 1). The fires destroyed most traps
within the burned areas. Destroyed traps were rebuilt in their
exact pre-burn locations. Fire breaks installed on the ranch
during the September 2011 fire resulted in a nearly balanced
sample design for the first post-fire trapping session, with 13
traps (9 Y-shaped arrays and 4 linear arrays) and 12 traps (9 Y-
shaped arrays and 3 linear arrays) located in burned and
control areas, respectively. The October 2011 fire burned the
habitat surrounding two additional arrays, resulting in 15
traps (11 Y-shaped arrays and 4 linear arrays) located in
burned areas, and ten traps (7 Y-shaped arrays and 3 linear
arrays) located in control areas, for subsequent post-fire
trapping sessions.

Precipitation data were collected daily concurrent with
checking traps using two rain gauges located on the GLR. We
used the mean of the values for this study. Maximum daily
temperature data were obtained from the National Oceanic
and Atmospheric Administration Climatic Data Center
located in Elgin, Texas (the nearest weather station, located
ca. 17.7 km northwest of the GLR; http://www.ncdc.noaa.
gov/cdo-web/).

Statistical analyses.—Data were analyzed using stratified open
population N-mixture models (Kéry et al., 2009). N-mixture
models leverage spatially and temporally replicated count
data to estimate population size and detection probability by
partitioning the variation in the data into observation and
state processes (Royle, 2004). N-mixture models assume
population closure for each sample unit within a trapping
session. Since dispersal rates are relatively high at juvenile life
stages, juvenile captures for S. consobrinus and A. sexlineata
were discarded. This was not done for captures of S. lateralis
because of our inability to differentiate juveniles from adults
and missing body-size data of individuals. We restricted the
analyses to monitoring data collected during the first seven
trap nights of each trapping session because some of the
trapping sessions were relatively long (see Table 1), which
could also result in population closure assumption viola-
tions. Data for each lizard species were analyzed separately;
however, all analyses used the identical initial model
structure described below.

The state process represents the ecological process varia-
tion in the number of individuals across time and space (i.e.,
true fluctuations in abundance). It was assumed that
abundance (N) at each sample unit (i) in each trapping
session (k) followed a Poisson distribution, and the state
process was modeled as follows:

Ni;k ~ Poissonðki;kÞ;

logðki;kÞ ¼ a0 þ a1 3 yeark þ a2 3 habi þ a3 3 burni;k :

We fit linear trend models across years (year) to examine
annual trends in lizard abundances and allowed abundance
to vary depending on whether the sample unit consisted of
pond or upland habitat using a factor variable (hab).
Importantly, we restricted the evaluation of burn treatment
effects on abundance to an intercept adjustment parameter-
ization, also using a factor variable (burn). We did not fit
models with a yeark 3 burni,k interaction because our study is
limited to four trapping sessions or three years of post-burn
monitoring data and fitting models to estimate slope
adjustments (i.e., a change in the direction of abundance

Table 1. Summary of lizard monitoring efforts on the Griffith League
Ranch (GLR), Bastrop County, Texas, USA.

Initial date Trap nights Burn period

03/01/2008 42 Pre-burn
04/17/2008 14 Pre-burn
02/01/2009 89 Pre-burn
07/10/2009 7 Pre-burn
11/20/2009 8 Pre-burn
01/31/2010 90 Pre-burn
07/17/2010 7 Pre-burn
09/05/2010 7 Pre-burn
10/17/2010 7 Pre-burn
11/21/2010 7 Pre-burn
02/13/2011 81 Pre-burn
05/12/2011 11 Pre-burn
07/16/2011 7 Pre-burn
09/25/2011 8 Post-burn (1st)
11/20/2011 7 Post-burn (2nd)
02/19/2012 71 Post-burn (2nd)
03/10/2013 49 Post-burn (2nd)
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trends following the fires) with three data points seemed
unreasonable. Furthermore, the intercept adjustment param-
eterization should capture any short-term population-level
response to the fires, which was the aim of our study.

We were particularly interested in examining the potential
influence of burn treatment, temperature, and precipitation
on detection probabilities. Yet, herpetofaunal surveys often
detect unimodal patterns in captures, with the greatest
frequency of captures occurring at the peak of the mating
season. Therefore, the observation process was modeled as
follows:

Ci;j;k jNi;k ~ binomialðNi;k ; pi;j;kÞ;

logitðpi;j;kÞ ¼ b0 þ b1 3 burni;k þ b2 3 tempi;j;k þ b3 3 preci;j;k

þ b4 3 datei;j;k þ b5 3 date 2
i;j;k ; with

preci;j;k ~ normalðlprec;r
2

prec Þ:

C is the number of lizards captured on trap night j at sample
unit i during trapping session k, p is detection probability,
burn is a factor variable indicating whether the sample unit
was burned, temp is maximum temperature, prec is precipi-
tation, date is Julian day, and date2 is to permit a quadratic
effect of Julian day. Precipitation data were not recorded on
four trap nights. Therefore, we estimated these missing data
by specifying a prior for all precipitation values and
estimating hyper-parameters (i.e., lprec and rprec

2) for the
prior when fitting the models (Kéry and Royle, 2016).

These models were fitted using a Bayesian framework with
JAGS (Plummer, 2003), called from program R (R Core Team,
2016) using the jagsUI package (Kellner, 2014). Explanatory
variables were normalized by subtracting the mean value and
dividing by the standard deviation to improve convergence
(Kéry, 2010). Diffuse prior distributions were used for all of
the estimated parameters. Specifically, priors of logit- and log-
scale parameters were normal(l¼ 0, s¼ 0.37) and normal(l¼
0, s¼ 0.001), respectively. The respective mean and standard
deviation priors for precipitation values were normal(l¼0, s¼
0.01) and uniform(min¼ 0, max¼ 100). Model runs involved
four independent chains, each consisting of 600,000 itera-
tions and a burn-in of 500,000 iterations. The Brooks and
Gelman diagnostic (R̂, Brooks and Gelman, 1998) and visual
inspections of the trace and density plots of the posterior
distributions were used to assess convergence. Model fit was
assessed using a posterior predictive check and calculating a
Bayesian P-value when fitting the global model for each
species (Kéry, 2010; Link and Barker, 2010). Specifically, the
lack of fit of the model when fitted with the realized and
predicted (i.e., generated using the parameter estimates from
the analysis) data were compared, and the proportion of
times the discrepancy measure for the predicted data was
greater than the discrepancy measure for the realized data
was calculated. Model selection was carried out using
indicator variables (Kuo and Mallick, 1998). This model
selection process consists of introducing a latent, binary
indicator variable (x) for each explanatory variable and
examining the posterior probabilities of indicator variables,
where explanatory variables are considered important if the
associated indicator variable more frequently receives a ‘‘1.’’
This model selection approach is computationally efficient
because it allows for the evaluation of all possible combina-
tions of explanatory variables simultaneously, where each
unique sequence of indicator variables is a candidate model
(Royle et al., 2014). However, vague priors for model

coefficients can result in convergence problems and indicator
variables that fail to turn back on (i.e., switch from 0 to 1,
reviewed in O’Hara and Sillanpää, 2009). To avoid this
potential issue, we implemented slab and spike priors during
the model selection process, where the prior of a coefficient
(h) is conditional on x as follows:

hjx ~ x 3 normalð0; spriorÞ þ ð1� xÞ3 normalðltune; stuneÞ:

Here, sprior is the diffuse prior for the precision of the
coefficient and ltune and stune are tuning parameters for the
coefficient. It is recommended tuning parameters are near
the posterior distribution of the coefficients (Dellaportas et
al., 2002). Therefore, we fit the global model for each lizard
species first and then used the resulting output estimates as
the respective tuning parameters during the model selection
process. Importantly, the posterior distribution of the
coefficients are not heavily influenced by the inclusion of
the seemingly informative tuning parameters (Hobbs and
Hooten, 2015). We based our inferences on the selected
model for each species, and posterior distributions were
described by their mean and 95% credible interval (CI).

RESULTS

We based our inferences on 91 (13 trapping sessions), 7 (1
trapping session), and 21 (3 trapping sessions) total nights
where traps were open during the pre-burn, post-burn (1st),
and post-burn (2nd) periods, respectively. This resulted in
2,877 total trap nights and 106, 230, and 68 total captures of
A. sexlineata, S. consobrinus, and S. lateralis, respectively. Since
cohort marking began in summer 2009, within-session
recaptures accounted for 18.1% and 15.0% of total captures
of S. consobrinus and A. sexlineata, respectively.

Based on the posterior probabilities of the candidate
models, data for each species supported the use of different
explanatory variables (Table 2). Model diagnostics indicated
convergence was achieved with R̂ , 1.02 for all estimates.
The goodness-of-fit tests suggested that the global model fit
adequately for S. lateralis (Bayesian P-value ¼ 0.42) and A.
sexlineata (Bayesian P-value¼0.08), but there was evidence of
a lack of fit when fitting the global model for S. consobrinus
(Bayesian P-value ¼ 0.02).

As expected, abundance varied across years for S. lateralis
and S. consobrinus; however, abundance of A. sexlineata was
stable (Figs. 2, 3). Specifically, the results indicate abundance
of S. consobrinus increased and abundance of S. lateralis
decreased across the six years of monitoring. Furthermore,
abundance of S. consobrinus was higher in upland habitats.
An influence of the burn treatment on abundance was not
supported for any of the lizard species.

Factors that influenced detection probabilities varied by
species (Fig. 3). As expected, detection probabilities of S.
lateralis and A. sexlineata increased with increasing temper-
atures, detectability of S. consobrinus decreased with increas-
ing precipitation, and Julian day was related to detection
probabilities for all three lizard species. Interestingly, detec-
tion probability of A. sexlineata increased in burned areas.
Notably, mean detection probabilities were low across species
(A. sexlineata¼0.03, 95% CI: 0.01–0.07; S. consobrinus¼0.08,
95% CI: 0.04–0.12; S. lateralis ¼ 0.02, 95% CI: 0.00–0.03).

DISCUSSION

We investigated the temporal population dynamics and
detection probabilities of three widely distributed lizard
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Table 2. Posterior probabilities of the top ten candidate models for Aspidoscelis sexlineata, Sceloporus consobrinus, and Scincella lateralis on the
Griffith League Ranch (GLR), Bastrop County, Texas, USA, spring 2008–spring 2013.

Species

Predictor variables

Posterior probabilityAbundance Detection probability

S. lateralis
year date þ temp 0.28
year date þ temp þ burn 0.10
year temp 0.09
year date þ date2 þ temp 0.08
intercept date þ temp 0.08
intercept date þ temp þ burn 0.06
year temp þ burn 0.03
year date þ date2 þ temp þ burn 0.03
year þ hab date þ temp 0.03
year date þ temp þ prec 0.03

S. consobrinus
year þ hab date þ date2 þ prec 0.67
year þ hab date þ date2 þ prec þ burn 0.10
year þ hab date þ date2 þ temp þ prec 0.08
year date þ date2 þ prec 0.08
year þ hab date þ temp þ prec 0.01
year þ hab date þ date2 þ prec þ temp þ burn 0.01
year date þ date2 þ prec þ burn 0.01
year date þ date2 þ temp þ prec 0.01
year þ hab date þ prec 0.01
year þ hab þ burn date þ date2 þ prec 0.01

A. sexlineata
intercept date þ date2 þ temp þ burn 0.76
intercept date þ date2 þ prec þ temp þ burn 0.07
burn date þ date2 þ temp 0.06
burn date þ date2 þ temp þ burn 0.04
intercept date þ date2 þ temp 0.03
hab date þ date2 þ temp þ burn 0.01
intercept date þ date2 þ burn 0.01
burn date þ date2 þ prec þ temp 0.01
burn date þ date2 þ prec þ temp þ burn ,0.01
year date þ date2 þ temp þ burn ,0.01

Note: intercept is a null model with no predictor variables, hab is a factor variable for sample units located in upland (1) vs. pond habitat (0),
burn is a factor variable for sample units that were burned (1) vs. not burned (0), year is a linear trend across years, date is Julian day, date2 is
the quadratic effect of Julian day, temp is temperature, and prec is precipitation.

Fig. 2. Fitted values of abundance
and 95% credible intervals for Aspi-
doscelis sexlineata, Sceloporus con-
sobrinus, and Scincella lateralis on
the Griffith League Ranch (GLR),
Bastrop County, Texas, USA, spring
2008–spring 2013. Trapping sessions
are grouped by year and vertical
dashed lines indicate when wildfires
occurred.
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species within a southern United States mixed pine/hard-
wood forest before and after high-severity wildfires. A
comprehensive understanding of wildlife population-level
responses to wildfires is becoming more critical as climatic
patterns coupled with broad-scale fire suppression lead to an
increase in the frequency of high-severity wildfires (Bisson et
al., 2003; Beschta et al., 2004). Nevertheless, relatively few
studies have been conducted to assess the impact of high-
severity fires on lizard communities, particularly in the
United States, because high-severity fires are often un-
planned events.

Following high-severity wildfires such as these, the initial
concern is typically for the loss of many native flora and
fauna through direct mortality. However, our results do not
support a relationship between burn treatment and lizard
abundance. Previous research found populations of A.
sexlineata increased following low- to moderate-severity
prescribed fires, which restored or maintained early-succes-
sional habitat in the sandhill and scrub habitat of the
southeastern United States (Mushinsky, 1985; Ruthven et al.,
2008; Ashton and Knipps, 2011; Steen et al., 2013a). On the
other hand, differences in captures of S. consobrinus between
control and prescribed burn patches in chaparral habitat of
the southern United States were not detected (Ruthven et al.,
2008). In unmanaged second-growth mixed pine/hardwood
forests of the southeastern United States, captures of S.
consobrinus and S. lateralis increased in woodlands restored
through prescribed fires and thinning (Perry et al., 2009).
Similarly, an increase in captures of S. lateralis was found
following a prescribed fire in a southern USA pine savanna
(Langford et al., 2007). Nonetheless, there is also evidence
that populations of S. lateralis decreased after prescribed fires,
likely due to reduction of litter (Steen et al., 2013b; Sutton et
al., 2014).

The inconsistencies in the above findings may be, in part,
due to a lack of analyses that account for imperfect detection.
For example, our results indicate detectability of A. sexlineata
increased following the fires. Thus, if we ignored observation
error during analyses, our results would have incorrectly
indicated abundance of A. sexlineata increased in burned

areas. Moreover, although prescribed fires can generate useful
information on community responses to fire, they should
not generally be considered proxies for predicting wildlife
responses to wildfires since changes in habitat are largely
governed by fire severity (Pastro et al., 2011; Brown et al.,
2014c). Regardless, the inconsistent results among studies
investigating lizard-fire relationships is evidence that lizard
responses to fire may be species-specific and also vary by
region and habitat type.

The major implication from this study, and our previous
research on herpetofaunal responses to high-severity wild-
fires in the Lost Pines Ecoregion, is that there is no evidence
the wildfires resulted in population extirpations, or even
detectable decreases in herpetofauna abundance. Thus, post-
fire management decisions should be made under the
assumption that, despite dramatic changes to understory
and overstory forest structure, the habitat remains suitable
for the prior herpetofaunal community. When restoration
actions require the use of heavy machinery (e.g., tractors,
skid steer loaders, etc.), we encourage managers minimize
their vehicle footprints off of roads to avoid soil compaction
and the potential for direct mortality.

Our results also have implications for future lizard
monitoring efforts. Spatial and temporal variation in abun-
dance is often the basis for wildlife management decisions,
and managers often rely on population indices, such as a
catch-per-unit-effort, as a proxy for variation in abundance of
herpetofaunal species (reviewed in Mazerolle et al., 2007).
Yet, population indices do not account for imperfect
detection and therefore can only provide reliable informa-
tion concerning population dynamics when the probability
of detection does not vary in a systematic way. Variation in
herpetofaunal detection probabilities is linked to fire-related
disturbance (Hossack and Corn, 2007; Chelgren et al., 2011;
Driscoll et al., 2012; Hossack et al., 2013; our results for A.
sexlineata), albeit there are exceptions (Smith et al., 2012; our
results for S. lateralis and S. consobrinus). We also demonstrate
that lizard detection probabilities varied in synchrony with
environmental parameters (i.e., temperature, precipitation,
and season [Julian day]). Collectively, these findings high-

Fig. 3. Mean model intercept and
coefficient estimates with 95% cred-
ible intervals from the selected model
for Aspidoscelis sexlineata, Scelopo-
rus consobrinus, and Scincella later-
alis on the Griffith League Ranch
(GLR), Bastrop County, Texas, USA,
spring 2008–spring 2013. See text for
further details on notation, and note
the different ranges on the axes.
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light the importance of accounting for imperfect detection
and considering the possibility of disturbance-related chang-
es in detection probabilities in order to provide reliable
information concerning lizard population dynamics.

It seems future lizard monitoring efforts should not solely
rely on spatially and temporally replicated count data. Our
estimates of mean detection probability were low, which
could potentially lead to biased and imprecise estimates of
abundance based on simulation studies (Royle, 2004;
McIntyre et al., 2012; Couturier et al., 2013; Yamaura,
2013; Veech et al., 2016). Also, the goodness-of-fit test
suggested a lack of model fit for S. consobrinus. One approach
to improve model fit is to accommodate overdispersion (i.e.,
unexplained heterogeneity in the count data) by including
random effects in the model for abundance and/or detection
probability (Kéry et al., 2009; Kéry and Schaub, 2012). When
random effects were included, however, our data were too
sparse to accommodate the same explanatory variable on
abundance and detection probability simultaneously, which
was needed to examine the influence of burn treatment on
both abundance and detectability. Thus, future lizard
monitoring efforts should consider combining spatially and
temporally replicated count data with more intensive
capture-mark-recapture data at a subset of sample units.
Integrated models can be fitted to these data, where
detectability is modeled across sample units as a random
effect drawn from a common logit-normal distribution (e.g.,
Grabowski et al., 2009). This would allow managers to
estimate lizard population parameters with increased accu-
racy and still take advantage of more cost effective spatially
and temporally replicated count data at a majority of sample
units, which is important for long-term monitoring programs
with uncertain and variable funding.

In summary, we did not detect a population-level response
to the high-severity wildfires by the three lizard species we
studied, which does not entirely agree with previous studies
conducted in other habitats. This reinforces the importance
of increasing our knowledge of species-specific responses to
disturbances in different regions and habitat types. Popula-
tion-level responses following fires can change over time
(e.g., Hossack et al., 2013). Hence, our study should only be
interpreted with respect to short-term responses of these
species. In the short-term, a burn effect was only supported
for A. sexlineata, but the effect was supported for detection
probability, not abundance. We suspect this is related to
increased movement by the species following the fires,
although we cannot directly evaluate this hypothesis with
our current monitoring data. Regardless, it is clear lizard
detectability varies in synchrony with environmental param-
eters. Therefore, monitoring efforts seeking to determine
lizard population dynamics need to account for variation in
detection probabilities to provide meaningful information to
managers. We expect the lizard populations in the area will
undergo changes as the burned habitat continues to
transform through forest succession and post-fire manage-
ment actions. Therefore, we recommend lizard monitoring
efforts that incorporate capture-mark-recapture methods at a
subset of sample units continue in the region to better
understand the intricacies of lizard-fire relationships.
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We thank M. Kéry and J. T. Peterson for advice when
developing the N-mixture model, and appreciate the com-
ments from B. R. Hossack and F. R. Thompson III on a
previous draft of the manuscript. We are grateful to J. Barnett,
D. Preston, D. Wallace, M. Murray, J. Oakley, C. Tsay, and A.
Connolly for assisting with rebuilding traps; and to I. Mali,
M. Jones, D. Preston, D. Wallace, L. Schumacher, Z. Adcock,
A. Harper, M. Ray, M. Murray, A. Gomez, and E. Ozel for
assistance with checking traps. The Capitol Area Council of
the Boy Scouts of America provided access to the GLR, and
we appreciate their continuing support of our research. This
research was funded by the U.S. Fish and Wildlife Service and
Texas Parks and Wildlife Department through a traditional
Section 6 grant. Trapping and handling permits were
provided by the Texas Parks and Wildlife Department (permit
SPR-0102-191) and the U.S. Fish and Wildlife Service (permit
TE 039544-0). This research was approved by the Texas State
University–San Marcos Institutional Animal Care and Use
Committee (0810_0208_11).

LITERATURE CITED

Allen, C. R., D. M. Epperson, and A. S. Garmestani. 2004.
Red imported fire ant impacts on wildlife: a decade of
research. American Midland Naturalist 152:88–103.

Ashton, K. G., and A. C. Knipps. 2011. Effects of fire history
on amphibian and reptile assemblages in rosemary scrub.
Journal of Herpetology 45:497–503.

Bateman, H. L., A. Chung-MacCoubrey, and H. L. Snell.
2008. Impact of non-native plant removal on lizards in
riparian habitats in the southwestern United States.
Restoration Ecology 16:180–190.

Bellis, E. D. 1964. A summer six-lined racerunner (Cnemido-
phorus sexlineatus) population in South Carolina. Herpeto-
logica 20:9–16.

Beschta, R. L., J. J. Rhodes, J. B. Kauffman, R. E. Griesswell,
G. W. Minshall, J. R. Karr, D. A. Perry, E. R. Hauer, and C.
A. Frissell. 2004. Postfire management on forested public
lands of the western United States. Conservation Biology
18:957–967.

Bisson, P. A., B. E. Rieman, C. Luce, P. F. Hessburg, D. C.
Lee, J. L. Kershner, G. H. Reeves, and R. E. Gresswell.
2003. Fire and aquatic ecosystems of the western USA:
current knowledge and key questions. Forest Ecology and
Management 178:213–229.

Braithwaite, R. W. 1987. Effects of fire regimes on lizards in
the wet-dry tropics of Australia. Journal of Tropical Ecology
3:265–275.

Brooks, S. P., and A. Gelman. 1998. General methods for
monitoring convergence of iterative simulations. Journal
of Computational and Graphical Statistics 9:266–285.

Brown, D. J., A. Duarte, I. Mali, M. C. Jones, and M. R. J.
Forstner. 2014a. Potential impacts of a high severity
wildfire on abundance, movement, and diversity of
herpetofauna in the Lost Pines Ecoregion of Texas.
Herpetological Conservation and Biology 9:192–205.

Brown, D. J., J. R. Ferrato, C. J. White, I. Mali, M. R. J.
Forstner, and T. R. Simpson. 2015. Short-term changes in
summer and winter resident bird communities following a
high severity wildfire in a southern USA mixed pine/
hardwood forest. Forest Ecology and Management 350:13–
21.

Duarte et al.—Response of lizards to wildfires 615



Brown, D. J., I. Mali, and M. R. J. Forstner. 2014b. Wildfire
and postfire restoration action effects on microclimate and
seedling pine tree survivorship. Journal of Fish and Wildlife
Management 5:174–182.

Brown, D. J., W. H. Nowlin, E. Ozel, I. Mali, D. Episcopo,
M. C. Jones, and M. R. J. Forstner. 2014c. Comparison of
short term low, moderate, and high severity fire impacts to
aquatic and terrestrial ecosystem components of a south-
ern USA mixed pine/hardwood forest. Forest Ecology and
Management 312:179–192.

Brown, D. J., D. B. Preston, and M. R. J. Forstner. 2013.
Wildfire impacts on red imported fire ant captures around
forest ponds in the Lost Pines Ecoregion of Texas. Journal
of Fish and Wildlife Management 4:129–133.

Chelgren, N. D., M. J. Adams, L. L. Bailey, and R. B. Bury.
2011. Using multilevel spatial models to understand
salamander site occupancy patterns after wildfire. Ecology
92:408–421.

Couturier, T., M. Cheylan, A. Bertolero, G. Astruc, and A.
Besnard. 2013. Estimating abundance and population
trends when detection is low and highly variable: a
comparison of three methods for Hermann’s Tortoise.
The Journal of Wildlife Management 77:454–462.

Crotteau, J. S., J. M. Varner, and M. W. Ritchie. 2013. Post-
fire regeneration across a fire severity gradient in the
southern Cascades. Forest Ecology and Management 287:
103–112.

Cunningham, S. C., R. D. Babb, T. R. Jones, B. D. Taubert,
and R. Vega. 2002. Reaction of lizard populations to a
catastrophic wildfire in a central Arizona mountain range.
Biological Conservation 107:193–201.

Dellaportas, P., J. J. Forster, and I. Ntzoufras. 2002. On
Bayesian model and variable selection using MCMC.
Statistics and Computing 12:27–36.

Doherty, T. S., R. A. Davis, E. J. B. van Etten, N. Collier, and
J. Krawiec. 2015. Response of a shrubland mammal and
reptile community to a history of landscape-scale wildfire.
International Journal of Wildland Fire 24:534–543.

Driscoll, D. A., and M. K. Henderson. 2008. How many
common reptile species are fire specialists? A replicated
natural experiment highlights the predictive weakness of a
fire succession model. Biological Conservation 141:460–
471.

Driscoll, D. A., A. L. Smith, S. Blight, and J. Maindonald.
2012. Reptile responses to fire and the risk of post-
disturbance sampling bias. Biodiversity and Conservation
21:1607–1625.

Duarte, A., D. J. Brown, and M. R. J. Forstner. 2011.
Estimating abundance of the endangered Houston toad on
a primary recovery site. Journal of Fish and Wildlife
Management 2:207–215.

Duarte, A., D. J. Brown, and M. R. J. Forstner. 2014.
Documenting extinction in real time: decline of the
Houston toad on a primary recovery site. Journal of Fish
and Wildlife Management 5:363–371.

Farallo, V. R., D. J. Brown, and M. R. J. Forstner. 2010. An
improved funnel trap for drift-fence surveys. Southwestern
Naturalist 55:460–463.

Ferguson, A. W., and M. R. J. Forstner. 2006. A device for
excluding predators from pitfall traps. Herpetological
Review 37:316–317.

Ferguson, G. W., C. H. Bohlen, and H. P. Woolley. 1980.
Sceloporus undulatus: comparative life history and regula-
tion of a Kansas population. Ecology 61:313–322.

Fitch, H. S., and P. L. von Achen. 1977. Spatial relationships
and seasonality in the skinks Eumeces fasciatus and Scincella
laterale in northeastern Kansas. Herpetologica 33:303–313.

Grabowski, T. B., T. D. Ferguson, J. T. Peterson, and C. A.
Jennings. 2009. Capture probability and behavioral re-
sponse of the robust redhorse, a cryptic riverine fish, to
electrofishing. North American Journal of Fisheries Man-
agement 29:721–729.

Hobbs, N. T., and M. B. Hooten. 2015. Bayesian Models: A
Statistical Primer for Ecologists. Princeton University Press,
Princeton, New Jersey.

Hossack, B. R., and P. S. Corn. 2007. Responses of pond-
breeding amphibians to wildfire: short-term patterns in
occupancy and colonization. Ecological Applications 17:
1403–1410.

Hossack, B. R., W. H. Lowe, and P. S. Corn. 2013. Rapid
increases and time-lagged declines in amphibian occupan-
cy after wildfire. Conservation Biology 27:219–228.

Hurteau, M. D., J. B. Bradford, P. Z. Fulé, A. H. Taylor, and
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