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ABSTRACT.—Biological invasions are one of the most serious threats to biodiversity conservation. Although success and impacts of

many invaders, particularly ectotherms, are likely to be limited by a combination of climatic and demographic factors, human
modifications to the environment can facilitate distributional expansion into otherwise low-quality landscapes. We assessed factors that

might promote or preclude population viability of a nonnative ectotherm, Hemidactylus turcicus (Mediterranean House Gecko), within

an urban center at the northern periphery of its known North American range. Mediterranean House Geckos are increasingly apparent in

the southeastern United States, but their potential for establishment and spread in more temperate regions is less well known. We
gathered data using capture–recapture methods and the unique dorsal patterns of individual geckos. Despite a more temperate climate

compared to other areas in their introduced range, and refuge temperatures falling below the critical thermal minimum previously

documented for other introduced Mediterranean House Gecko populations, geckos survived the winter and reproduced successfully.
Cormack–Jolly–Seber open population models did not provide definitive evidence regarding changes in population size over the study

period. The tendency for this introduced species to establish populations primarily within urban centers may suggest that negative

impacts associated with this northerly expansion are minor. Nonetheless, a high potential for range expansion suggests a need to assess a

potentially growing suite of ecosystem interactions.

Biological invasions are an important component of global
change. Although invaders can pose a major threat to
biodiversity, their success often is highly case-specific and
limited by factors associated with climate (Sexton et al., 2009).
Among ectotherms, range (and, therefore, invasion extent)
should be highly limited by the thermal environment (Meshaka
et al., 2006; Doody and Moore, 2010; Lei and Booth, 2014).
Specifically, factors including the amount of the annual cycle
suitable for breeding and foraging, as well as the thermal
tolerances of adults and embryos, should limit survival and
reproduction (Meshaka et al, 2006; Doody and Moore, 2010).
Nonetheless, a variety of vertebrate ectotherms, including
Brown Anoles (Anolis sagrei), Greenhouse Frogs (Eleutherodacty-
lus planirostris), and Cuban Treefrogs (Osteopilus septentrionalis),
have been introduced from warmer native ranges to more
temperate landscapes (Meshaka, 1996). This includes the house
geckos (Hemidactylus spp.), several species of which have
successfully invaded subtropical North America from Mediter-
ranean or tropical climates and appear to be expanding
northward (Meshaka, 1995; Carranza and Arnold, 2006).

Ectotherms might be able to persist in more thermally
limiting introduced climates via local adaptation, phenotypic
plasticity, or behavioral traits subject to one or both (Chapple et
al., 2012). For instance, Kolbe et al. (2014) determined
experimentally that introduced A. sagrei from a northern locale
exhibited a lower critical thermal minimum than individuals
from more southern locales, consistent with either adaptive
plasticity or local adaptation in introduced populations. Studies
comparing native and introduced ranges of ectotherms using
species distribution models have indicated possible niche shifts
(e.g., Rödder and Lötters, 2009; Angetter et al., 2011). Rödder
and Lötters (2009), for instance, found that niche conservatism

between native and introduced ranges of Mediterranean House
Geckos varied among environmental predictors (see Appendix
1), but overlap was greatest for minimum temperature and
precipitation during the coldest periods, suggesting that gecko
activity and population expansion should be limited by cooler
winters in the introduced range (Meshaka et al., 2006).

Human modifications to habitat may also provide an
important mechanism for range expansion, with or without
shifts in fundamental niche. In addition to alterations to the
biotic community, urbanization alters habitat structure and,
therefore, the thermal environment. On broader spatial scales,
urban heat islands may raise ambient temperatures in regions
that are otherwise thermally limiting (Grimm et al., 2008).
Within sites, individual structures (e.g., buildings, stone walls)
may facilitate effective thermoregulation in an otherwise harsh
environment (Stabler et al., 2012; Lei and Booth, 2014).
Anthropogenic habitat alteration may, therefore, be expected
to relax limitations on range expansion in some ectotherms,
provided there are mechanisms facilitating dispersal into, and
subsequent success in, urban environments. This should be
particularly true for smaller-bodied ectotherms, which may
more easily capitalize on human-altered environments by
escaping detection and exploiting finer-scale variance in habitat
structure and resulting environmental temperature (Pincheira-
Donoso et al., 2008).

Mediterranean House Geckos (Hemidactylus turcicus; Sauria,
Gekkonidae) are relatively small-bodied gekkonids native to the
Mediterranean region of southern Europe, western Asia, and
northern Africa. A strong association with human habitation
makes them likely urban invaders, and their small body size has
led to stowaways being a major driver of spread (Davis, 1974;
Meshaka, 1995; Meshaka et al., 2006). Individuals were first
documented in the southeastern United States in Key West,
Florida in 1910 (Locey and Stone, 2006). This species has since
established widespread populations in southern states of
Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi,
South Carolina, and Texas (Meshaka et al., 2006). Although
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climate likely is important in regulating the northward spread
of this species, geckos have been able to persist in more
temperate areas. Isolated populations may exist in more
northern areas such as Kansas (Hare, 2006), Maryland (Norden
and Norden, 1991), North Carolina (A. M. Durso, pers. comm.),
Oklahoma (Locey and Stone, 2006), Tennessee (Nordberg et al.,
2013), and Virginia (Meshaka et al., 2006). Most accounts lack
detailed population demographic information, however, while
others do not provide direct evidence of recruitment, successful
reproduction, or overwinter survival. Such information is
essential to understanding the dynamics of range expansion
and appears to be generally uncommon for urban invaders.

We used a novel photographic capture–recapture approach to
study population demographics and overwinter survival in a
recently discovered population of Mediterranean House Geckos
at the northern periphery of the introduced North American
range. This urban population at the edge of the invasion front
should ultimately be influenced by demographic factors, as
mediated by thermal tolerance and activity in a temperate
climate with freezing winters (Meshaka et al., 2006). Therefore,
we also characterized thermal limitations at multiple scales and
related these values to data reported for geckos elsewhere
throughout the native and introduced range. Ultimately, the fate
of this population is highly relevant to future distributional
expansion and may provide key insights into the ecology of
urban invaders as well as the role of urban centers in facilitating
range expansion.

MATERIALS AND METHODS

Mediterranean House Geckos were recently encountered at
several sites near Knoxville, Tennessee (Hively, 2015; unpubl.
data; A. C. Echternacht, pers. comm.). Following preliminary
visual encounter surveys (Appendix 2), we selected a single site,
as reported by Hively (2015), where more detailed population-
level study was possible (Fig. 1; Appendix 2). The general
location of this site (~368N, 838W, datum WGS 84) is shown in

Figure 1 alongside additional previously confirmed records for
this species in Tennessee. At this site, geckos inhabit two well-lit
concrete block retaining walls with abundant crevices. Both
walls are southeast facing and ~100 m long. The walls are
stepped in height with the landscape and range from 0.5–4 m
tall along their lengths. The walls are divided by ~70 m of
paved parking lot, and a commercial distribution facility is
located within ~4 m of the southernmost retaining wall.

We conducted capture–recapture surveys from September
2014 to November 2015. Site visits in the winter months were
infrequent. The number of surveyors varied among several
sampling occasions, but on each occasion we sampled from
dusk until we encountered no new individuals. To capture
geckos, we conducted visual searches using headlamps and
captured them by hand. To ensure we did not capture
individuals multiple times on a single night, we retained each
gecko until the end of the sampling period. We photographed
the dorsal pattern of each gecko and measured snout–vent
length (SVL). We defined SVL at maturity as 4.2 cm (Punzo,
2001). To determine sex, we photographed venters and
examined images for preanal pores (characteristic of males) or
oviductal eggs (Selcer, 1986; Locey and Stone, 2008). Generally,
we were unable to determine sex of juveniles using these
characters and did not attempt more invasive methods.

We measured air temperature and temperature of wall
crevices before and after each sampling event. Additionally,
we placed seven model 1922L iButton temperature loggers
(Embedded Data Systems, Lawrenceburg, Kentucky) in wall
crevices to assess refuge temperatures available to geckos
during winter months. Loggers were coated in a thin layer of
butyl rubber for waterproofing and placed within the deepest
crevices (‡ 25 cm horizontal depth) actively used by geckos.

We conducted pattern recognition on gecko photographs
using I3S Pattern version 4.0.2 (van Tienhoven et al., 2007; den
Hartog and Reijns, 2014). This software was previously found to
be particularly suitable for identifying smaller species that
possess intricate patterns of irregular spots and blotching,

FIG. 1. General location of study site, denoted by the star, alongside other observations of Mediterranean House Geckos (Hemidactylus turcicus)
(diamonds) in Tennessee, from the records of the Austin Peay State University Museum of Zoology. Tennessee geographic data and border data are
from the Tennessee GIS Clearinghouse (tngis.org) and U.S. Census Bureau, respectively. Map constructed in QGIS 2.18.0 (QGIS Development Team,
2016) with some additional work in Google Earth 7.1.7.2606 (Google Inc.).
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similar to that of Mediterranean House Geckos (Sannolo et al.,
2016). Before conducting the I3S analysis, we cropped and
rotated all images to the same orientation using Photoshop CS5
v12.0 x32 (Adobe Systems, Inc., San Jose, California) to more
easily compare photos. We used the snout, left base of head, and
right base of head as reference points to orient photos within the
I3S software. To confirm identification results, we visually
compared light and dark patterns of tubercles and skin.

We used the resulting encounter history to estimate popula-
tion parameters over time via capture–recapture analyses in R
v3.3.2 (R Core Team, 2016). No individual was captured at both
walls, suggesting they are largely independent from a short-
term demographic perspective. Therefore, we considered each
wall separately in capture–recapture analyses. To assess
possible trends, we generated estimates of population size
through time.

We used the R package ‘‘RMark’’ v2.2.2 (Laake, 2013) as an
interface to run Cormack–Jolly–Seber open population models
in Program MARK v 8.2 (White and Burnham, 1999). Open
population models are appropriate for our data because they
allow reproduction, mortality, and immigration to occur.
Reproduction occurred during our study (see Results), mortality
likely occurred, and immigration was possible from adjacent
buildings outside our sampling area. To our knowledge, all
previous studies on this species that estimated population
parameters used closed population models, which do not
permit estimation of survival rates. We specified the unequal
time intervals between our sampling occasions when running
the models, and we also incorporated air temperature as a
covariate on each occasion.

We assessed goodness of fit by running Program RELEASE
(Burnham et al., 1987) using ‘‘RMark’’ and did not find evidence
of lack of fit. We compared candidate models using the Akaike
Information Criterion corrected for small sample size (AICc;

Burnham and Anderson, 2002). We generated estimates of
population size from model results using the pop.est function in
‘‘RMark’’, which divides the sample size on each occasion by
capture probability (Taylor et al., 2002). We used a separate
generalized linear mixed model assuming a Poisson-distributed
error to explore the effects of survey effort on number of geckos
captured per sampling event using the ‘‘lme4’’ and ‘‘lmerTest’’
packages in R (Bates et al., 2015; Kuznetsova et al., 2016). We
included a random intercept term for surveyor group because
two primary surveyor teams were present throughout the study.

RESULTS

From September 2014 to November 2015, we captured 212
unique individual geckos of 291 captures on 25 sampling
occasions. This included 135 individuals of 199 captures and 77
individuals of 92 captures at the lower and upper retaining wall,
respectively. Sample size was 15–29 individuals on the first four
occasions, much lower (1–11) for much of 2015, and a similar
large size on the last four occasions (Fig. 2). Percent recaptures
varied extensively over the study period (0–100%) but was very
low (0–4%) on the last three sampling occasions (Fig. 3). We
consistently observed multiple geckos active on wall surfaces on
site visits as early as 24 March and as late as 4 November.
Isolated observations of active geckos occurred as early as 16
March and as late as 1 December. Air temperatures recorded on
occasions when we observed active geckos ranged from 138C
(24 October 2014) to 29.58C (7 and 14 June 2015).

Pattern recognition software revealed that at least 19
individual geckos that we first captured in the fall of 2014
survived the winter and were recaptured at least once during
the spring or summer of 2015 (e.g., Fig. 4). During January and
February, however, environmental temperatures within most
monitored refuge sites fell below the documented critical

FIG. 2. Numbers of juveniles, gravid females, and adult male/nongravid female (other) Mediterranean House Geckos (Hemidactylus turcicus)
captured over the course of the study in Knoxville, Tennessee, at (A) the lower wall and (B) the upper wall. All individuals per occasion sum to sample
size. Bars are not horizontally spaced to scale with the intervening time intervals. Negative Julian dates denote dates in 2014.
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thermal minimum of Mediterranean House Geckos (Fig. 5)
(Huey et al., 1989).

For a subset of individuals in which sex could be ascertained
(31 males, 24 females), the primary sex ratio (1.29:1) was not
significantly different from 1:1 (P = 0.4188, exact binomial test),
as has been documented by previous studies on this species
(Rose and Barbour, 1968; Selcer, 1986; Punzo, 2001). We
documented 14 unique gravid females from May through July
2015 (Fig. 2). Four of the gravid females had also been captured
at the site before they were visibly gravid. One had been
captured in October 2014. Furthermore, we observed five nests
in wall crevices, with intact nonviable eggs alongside broken
shells. A large increase in the percentage of juvenile geckos
captured was apparent during October and November 2015
(Figs. 2, 6).

The highest ranked candidate capture–recapture models for
each wall are shown in Table 1. For each wall, the top Cormack–
Jolly–Seber model (i.e., lowest AICc value) was the null model,
with survival and capture probability not varying. In contrast,
models in which survival or capture probability varied with
temperature were in the family of best models (within 2 DAICc
units of the top model) for each wall. This agrees well with our
lower sample sizes during colder times of year (Fig. 2) and with
the expectation that cold temperatures will limit the survival of
ectotherms. The parameter estimates 6 SE for the lower wall
null model are survival (0.9947 6 0.0011) and capture
probability (0.1099 6 0.0163). For the upper wall null model,
the parameter estimates are survival (0.9910 6 0.0025) and
capture probability (0.0854 6 0.0280). We generated abundance
estimates from the null model for each wall because they were
the most parsimonious models. The abundance estimates for
each wall increased over early 2015, though much of this
variation is within one standard deviation of the estimate (Fig.
7; values are given in Appendix 3). The estimates for the final

sampling occasions seem to indicate substantial growth (Fig. 7;
Appendix 3); however, these occasions (October and November
2015) had no recaptures (one occasion) or a single recapture
(two occasions) (Fig. 3). Juvenile geckos comprised 96–100% of
captures during these periods (Figs. 2, 6), many of a size
consistent with hatching that year (e.g., 2.4–2.6 cm SVL) (Rose
and Barbour, 1968; Selcer, 1986). As expected, we found a
significant positive effect of survey effort (b = 0.299 6 0.057, z =
5.221, P < 0.001) on number of geckos observed per sampling
event.

DISCUSSION

Overall, our results provide further support for the impor-
tance of human activity, including habitat modification, for the
distributional expansion and establishment of Mediterranean
House Geckos in temperate areas. Successful overwinter
survival of at least a portion of the population provides further
evidence that this species is able to survive winters in areas
colder than most of its introduced range. In other northerly
sites, anthropogenic heat sources such as buildings are thought
to contribute to persistence through winter (e.g., Norden and
Norden, 1991). Population size estimates decreased from 2014 to
early 2015 (Fig. 7; Appendix 3), which could be a result of
overwinter mortality. If so, access to suitable human-made
refugia during cooler temperate winters may be an important
determinant of population persistence (see also Fig. 5).

Overwinter temperature within active refuge sites (wall
crevices; Fig. 5) largely fell below previously reported values
of the critical thermal minimum for Mediterranean House
Geckos. Because several individuals did survive winter, this
suggests that geckos sought refuge deeper in wall crevices or
possibly near anthropogenic heat sources or inside buildings, as
documented elsewhere (Paulissen and Buchanan, 1991; Stabler
et al., 2012). Although individuals have been seen inside the
building on the site, geckos using the outdoor walls likely do
not winter there, based on the low overall movement rates that
we observed. Nonetheless, previous estimates of thermal
performance are based on more southerly populations (Huey
et al., 1989; Angilletta et al., 1999), and at least some refuge sites
were within the designated critical limits (Fig. 5). Lower
operative temperatures available to geckos may have resulted
in altered thermal performance via plasticity or natural selection
(Angilletta et al., 2002; Kolbe et al., 2014). Interestingly, we
observed geckos active on wall surfaces from March to
November, longer than might be expected based on geography
and the consistency of patterns at other northerly sites (see also:
Appendix 1). By contrast, other studies within ~18 latitude of
our site observed geckos active on wall surfaces from April to
October (Paulissen and Buchanan, 1991; Stabler et al., 2012).
Rödder and Lötters (2009) inferred via ecological niche
modeling that Mediterranean House Geckos might be under-
going a niche shift between their native and introduced ranges,
although they did not address characteristics unique to the
typical urban habitat of Mediterranean House Geckos (Stabler et
al., 2012). Additional work, including distribution and dispersal
models, may benefit from finer-scale habitat and population
data within natural and urbanized landscapes.

Based on the presence of gravid females, high numbers of
juveniles, and hatched eggs during two field seasons, individ-
uals at this site did reproduce successfully despite the potential
for limited conditions suitable for foraging and reproduction
(Hitchcock and McBrayer, 2006; Meshaka et al., 2006; Rödder

FIG. 3. For each sampling occasion, the percentage of Mediterranean
House Geckos (Hemidactylus turcicus) that had been previously
captured. Captures are shown for the lower and upper walls over the
study period in Knoxville, Tennessee. Recapture status was determined
from pattern recognition of photographs of gecko dorsal patterns.
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and Lötters, 2009; Appendix 1). Consistent with in situ

recruitment, juveniles were most abundant on the last few

sampling occasions (Fig. 2), which is similar to Punzo’s (2001)

observation of the highest juvenile abundances in November for

a Florida population. Increases in population size could lead to

expansion of this population through diffusion dispersal.

However, the lack of detected movement between walls at our

site is in accordance with the low rate of diffusion dispersal

observed elsewhere (Rose and Barbour, 1968; Punzo, 2001;

Locey and Stone, 2006, 2008). For example, Trout and Schwaner

(1994) found significant population genetic differences between

samples separated by ~0.10 km, and Selcer (1986) found that

daily movement distances of Mediterranean House Geckos

were much shorter than those of most other lizards. Similarly,

Paulissen et al. (2013) found short-distance movements (<6 m)

to be more frequent than long distance movements by geckos.

Continued immigration and introductions could also be

important in maintaining a viable population at our study site,

but we were unable to determine whether such events occurred

during the period of study. Given the history of accidental

transport of this species, more extensive investigation of the

commercial distribution facility adjacent to our site (and its

associated shipping routes) might generate more definitive

results on immigration. In addition to reproduction, increasing

population sizes could be a function of new introductions or

immigration (Fig. 7); however, the relatively large population

size estimates and standard deviations for the final sampling

occasions (Fig. 7; Appendix 3) also reflect the large sample sizes

on these occasions. Additionally, sampling effort affected the

number of geckos captured. Our capture–recapture model

results support that temperature affected the number of geckos

captured per sampling occasion as well (i.e., geckos were more

active as temperatures became warmer seasonally). This likely

contributed to the larger population size estimates. With the

exception of juvenile recruitment, we hesitate to draw definitive

conclusions regarding changes in population size.

Minimally, our results demonstrate that introduced Mediter-

ranean House Geckos survived winter and reproduced success-

fully, reinforcing that this species is able to establish populations

beyond climatic conditions experienced throughout most of its

FIG. 4. One Mediterranean House Gecko (Hemidactylus turcicus) recaptured over the course of the study in Knoxville, Tennessee, with the date of
each capture. SVL in centimeters is given in the inset in each photo. This individual evidently survived the 2014–15 winter.
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native and introduced range (Rödder and Lötters, 2009; see also
the climatic variables shown in Appendix 1). Further range
expansion, therefore, is likely, and our study population may
serve as a source for further introductions via jump dispersal.
Indeed, one retaining wall is located ~4 m from the adjacent
distribution center shipping yard, where trucks with open
trailer doors often are parked.

With Mediterranean House Geckos successfully spreading
northward across the United States, understanding the impacts
of this nonnative species is important. Negative impacts are
largely unknown and may be limited by the tendency of this
species to be found in urban areas. Possible impacts could
include predation upon native species given that geckos are
generalist insectivores. Geckos also serve as prey for native and
nonnative species (Meshaka et al., 2006), though our observa-
tions suggest that predators probably are uncommon at our
study site. Geckos may also compete with native species such as
hylid treefrogs, though clear evidence is lacking on this topic
(Meshaka et al., 2006). Potential for direct competition with
native lizards is low because most such species are diurnal
(Rose and Barbour, 1968; Nordberg et al., 2013). Additional
impacts of Mediterranean House Geckos could include contrib-
uting to the spread of nonnative parasites or disease (Upton et
al., 1988; Criscione and Font, 2001).

Future studies could further elucidate the ecology of
nonnative ectotherms such as Mediterranean House Geckos in
temperate areas and determine what limits population estab-
lishment in these areas. Our study site, on the periphery of the
introduced range of the species, is at the limits of previously
generated climatic envelopes for Mediterranean House Geckos
(Rödder and Lötters, 2009). At this site, several climatic
variables associated with winter conditions are at the extreme
ends or beyond that of both native and introduced ranges
(Appendix 1). Successful population establishment in areas like
our study site has implications for whether this species is

undergoing a niche shift or whether range expansion is enabled

by anthropogenic habitats. Cold winters still appear to be the

limiting periods for populations across much of the introduced

range (Fig. 5; Appendix 1), but both correlative and mechanistic

approaches to predicting range expansion will need to

incorporate finer-scale environmental data and explicitly con-

sider the effect of urbanized landscapes on microclimate and

habitat structure therein. The degree to which human-modified

environments impact the spread and success of introduced taxa

is also an important area for continued study. Such habitat

islands may act as a source of nonnative propagules within

otherwise unsuitable or inaccessible regions, potentially facili-

tating invasion into adjacent natural habitats where impacts on

native systems are more likely to occur (e.g., Dodds and Orwig,

FIG. 5. Environmental temperature within seven refuge sites (wall
crevices) between 15 October 2014 and 30 April 2015 in Knoxville,
Tennessee. The shaded region between solid horizontal lines represents
critical thermal limits (CTmin, CTmax) of Mediterranean House Geckos
(Hemidactylus turcicus) reported by Huey et al. (1989). Optimal (Topt) and
preferred (Tpref) body temperature values reported by Huey et al. (1989)
and Angilletta et al. (1999), respectively.

FIG. 6. Snout–vent lengths of Mediterranean House Geckos
(Hemidactylus turcicus) over the study period in Knoxville, Tennessee.
The horizontal line is at 4.2 cm, which we considered to be the size at
maturity (Punzo, 2001).

TABLE 1. Capture–recapture models for (A) lower and (B) upper
walls for a Mediterranean House Gecko (Hemidactylus turcicus)
population in Knoxville, Tennessee. Akaike Information Criterion
corrected for small sample size (AICc) is reported as a metric of
model quality. All models within 2 DAICc units of the top model are
included and are considered to be within the family of best models. Phi
is survival probability, and p is capture probability. ‘‘~1’’ denotes that a
parameter does not vary; ‘‘~temp’’ denotes that a parameter was
allowed to vary with temperature, which was included as a covariate.

Model AICc DAICc

A: Lower wall
Phi(~1)p(~1) 475.2888
Phi(~temp)p(~1) 476.3958 1.1070
Phi(~1)p(~temp) 477.2090 1.9202

B: Upper wall
Phi(~1)p(~1) 132.5120
Phi(~1)p(~temp) 132.8660 0.354
Phi(~temp)p(~1) 134.5043 1.9924
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2011; Barnett et al., 2017). Such scenarios are especially relevant
under projected climate shifts as temperatures within intact
adjacent natural habitat may rise to more suitable levels for
establishment of populations of nonnative organisms.
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APPENDIX 1

FIG. 1S. Comparison of bioclimatic variables between the native

range and previously determined introduced range of Mediterranean

House Geckos (Hemidactylus turcicus) (boxplots) and extremes of these

variables for eastern Tennessee (dashed lines). These variables would

be expected to be similar in native and introduced ranges if the niche

of the species is conserved. Eastern Tennessee is at the extreme of

values for native and introduced ranges for several variables

including mean temperature of coldest quarter, a potentially limiting

factor to gecko populations. Boxplots were reconstructed from figure

3 in Rödder and Lötters (2009) using the open source software

PlotDigitizer 2.6.8 (https://sourceforge.net/projects/plotdigitizer/

files/plotdigitizer/2.6.8/). Bioclimatic variables are drawn from

WorldClim version 1.4 to remain consistent with Rödder and Lötters

(2009). Abbreviations are defined as follows: max=maximum, min=
minimum, precip = precipitation, temp = temperature.

APPENDIX 2

FIG. 2S. Map depicting results of visual encounter surveys in

Anderson, Blount, and Knox Counties in eastern Tennessee,

throughout 2014 and 2015. White circles represent confirmed gecko

locations, and black circles represent natural areas nearest con-

firmed urban localities. White circle with star represents the

primary study site where capture–recapture efforts were focused.

Size of points is a coarse representation of survey effort (range: 5–26

visual encounter surveys per site). We detected geckos in seven

urban localities within Anderson, Blount, and Knox Counties in

eastern Tennessee but did not detect geckos in any adjacent natural

areas. Map constructed using ArcMap 10.4 (ESRI, 2015) and the

2011 national land cover database (MRLC, 2011).

APPENDIX 3

Population size estimates from Cormack–Jolly–Seber capture–

recapture models for Mediterranean House Geckos (Hemidactylus

turcicus) on the lower wall (Table 1S) and upper wall (Table 2S) on

our study site in Knoxville, Tennessee. The population size for the

first period is not estimable by these models.
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Table 1S. Lower wall population size estimates for each occasion with standard deviation. 

Date Population size estimate Standard deviation 

26 September 2014 NA NA 

3 October 2014 263.871 60.5358 

1 December 2014 36.396 17.9953 

16 March 2015 9.099 8.6896 

24 March 2015 9.099 8.6896 

1 April 2015 18.198 12.4359 

9 April 2015 54.594 22.5287 

17 April 2015 36.396 17.9953 

22 April 2015 36.396 17.9953 

2 May 2015 63.693 24.5936 

7 May 2015 27.297 15.4086 

13 May 2015 36.396 17.9953 

24 May 2015 90.99 30.3077 

31 May 2015 45.495 20.3438 

7 June 2015 36.396 17.9953 

14 June 2015 45.495 20.3438 

20 June 2015 63.693 24.5936 

27 June 2015 54.594 22.5287 

11 July 2015 45.495 20.3438 

24 July 2015 100.089 32.0997 

13 October 2015 300.267 66.4062 

4 November 2015 209.277 51.5339 

 



Table 2S. Upper wall population size estimates for each occasion with standard deviation. 

Date Population size estimate Standard deviation 

28 September 2014 NA NA 

24 October 2014 136.485 48.1136 

16 March 2015 0 0 

24 March 2015 9.099 8.8920 

1 April 2015 0 0 

9 April 2015 9.099 8.8920 

17 April 2015 27.297 16.4152 

22 April 2015 9.099 8.8920 

2 May 2015 18.198 12.9957 

7 May 2015 9.099 8.8920 

13 May 2015 9.099 8.8920 

24 May 2015 9.099 8.8920 

31 May 2015 18.198 12.9957 

7 June 2015 9.099 8.8920 

14 June 2015 9.099 8.8920 

20 June 2015 36.396 19.5136 

27 June 2015 45.495 22.4245 

11 July 2015 0 0 

24 July 2015 54.594 25.2127 

21 October 2015 245.673 76.8673 

   

 


