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Abstract

:

Urbanization has dramatically altered habitats for local species worldwide. While some species are unable to meet the challenges that these alterations bring, others are able to persist as long as a threshold for suitable habitat is met. For reptiles, a key feature for persistence in urban areas can be access to suitable refuges from predation, high temperatures, and/or other environmental challenges. We tested for effects of local and landscape variables affecting urban occupancy in the Western Fence Lizard, Sceloporus occidentalis, in transects across an urban–rural gradient, with a specific focus on the presence of rock, tree, and shrub refuges. We found that fence lizards were much more likely to be present in areas with more rock cover, and in parks or low-density residential areas. Occupancy was also positively related to canopy cover in the general vicinity, though negatively related to number of trees along the transects. Our results highlight the importance of assessing local habitat features to successfully predict the occupancy of reptile species in urban habitats, and present directions for future research with concrete conservation and management applications.
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1. Introduction


Anthropogenic environmental change is having global impacts on biodiversity through habitat loss and alteration, overharvesting, the spread of invasive species, pollutants, and climate change [1,2,3,4]. Urbanization, in particular, has numerous large-scale impacts on ecological processes [5,6]. Relative to species from nearby undeveloped environments, urban-dwelling species may experience challenges associated with increased habitat fragmentation and reduced connectivity between habitat patches, reduced vegetation and canopy cover, novel structures and substrates, altered types and patterns of predation, altered prey and water availability, changes in thermal environment, pollutants, novel stressors, and more [5,7,8,9,10]. Nevertheless, cities continue to support high levels of biodiversity, and can be important targets of conservation efforts [11,12].



Responses to urbanization may differ markedly within and between species, but understanding why and how species are able to persist in urban environments is critical as the world becomes increasingly urbanized [13]. In particular, there is urgent need for more studies that can inform management decisions by exploring the specific mechanisms that may foster increased community biodiversity and/or presence of individual species of management interest [11]. While an impressive amount of urban ecology research has been carried out in some taxonomic groups, and birds in particular [14,15,16,17], far less is known about reptiles, and how local environmental variables contribute to their persistence in suburban/urban areas.



Studies investigating the causal mechanisms affecting reptile occupancy are particularly urgent given the fact that reptiles, similar to other vertebrate groups, are showing widespread global declines [18,19,20,21]. Habitat loss and fragmentation is one of the most serious threats to reptile diversity [22]. Reptiles, especially species that are habitat specialists, may be particularly sensitive to habitat alteration due to relatively slow dispersal and recolonization rates [23,24]. Studies in lizards have suggested that they may be deterred by urban anthropogenic stressors such as noise [25], excess light [26,27], and vehicular traffic [28,29]. While a wide range of studies have begun to emerge on urban lizard morphology, reproduction, physiology, behavior, genetics, learning, and habitat occupancy [30,31,32,33,34,35,36,37,38,39,40,41,42], as well as several current reviews and meta-analyses [36,43,44,45], many more are needed to better understand the effects of urbanization and other anthropogenic land uses on reptiles.



Occupancy of lizards in urban areas has been shown to be influenced by habitat variables such as patch size, temperature and precipitation, vegetation type and structure, anthropogenic structures, and fire regime [41,46,47,48,49,50,51,52]. A key feature of reptile persistence in urban landscapes is access to suitable refuges. The presence of refuges can be critical for protection against predators and can provide needed relief from artificial lights or opportunities for thermoregulation, especially for ectotherms [26,27,53,54,55]. Urban landscapes can experience relatively rapid changes over the course of an individual’s lifetime, challenging urban-dwellers to identify novel dangers and safe refuges in a dynamic environment [39].



A conspicuous reptile species in developed landscapes across the Western United States and Baja Mexico is the small Phrynosomatid Western Fence Lizard, Sceloporus occidentalis [56]. An ecological generalist, S. occidentalis is found in a variety of habitats in undeveloped areas, such as oak woodland, grasslands, chaparral, and coastal sage scrub [57,58]. Sceloporus occidentalis has also successfully colonized urban and suburban areas, and is commonly seen basking, defending territories, hunting insects, and interacting with mates in yards and city parks, on sidewalks, and on other anthropogenic structures such as fences and rock walls [37]. Past studies of S. occidentalis have shown behavioral and morphological differences between urban and rural populations [37,59,60]. However, there have been no studies of factors affecting S. occidentalis occupancy across an urban–rural gradient and the importance of refuges in light of its active lifestyle out in the open on both natural and built surfaces.



Through visual encounter surveys across an urban gradient, ranging from parks to low-density residential areas to high-density/commercial districts, we tested for effects of three potential refuge types—rock cover, shrub cover, and trees—on S. occidentalis occupancy that offer potential refuges from predators, high temperatures, artificial lights, and/or direct human impact. Lizards may find refuge under rocks or inside shrubs, or high up the trunk or under the canopy of trees. We predicted higher occupancy of lizards in areas with more available natural refuges, whether rock, shrub, or tree. We also controlled for potential effects of landscape variables that can serve as a proxy for both general degree of urban development (land type, canopy cover, imperviousness), proximity to potential source populations on undeveloped land (distance to the nearest stream, distance to the nearby National Forest), and environmental thermal extremes (average maximum temperature) in our analysis.




2. Materials and Methods


2.1. Study Area


In this study we observed occupancy of Sceloporus occidentalis across an urban–wild gradient in the city of Santa Barbara, CA (land area = ~51 km2), USA, from 4 May–15 June 2020. Santa Barbara has an estimated population of 91,364 (~1800 persons/km2) (https://www.census.gov/quickfacts/santabarbaracitycalifornia (accessed on 1 November 2021)) and is situated on a relatively narrow coastal plain that runs east–west, parallel between the Pacific Ocean and the Santa Ynez Mountains of the USDA Los Padres National Forest directly to the north of it. Santa Barbara’s climate is classified as a warm-summer Mediterranean climate [61] and the natural landscape is dominated by chaparral and oak woodland ecosystems, although this natural landscape has decreased over the years due to urbanization and agricultural expansion [62]. The field work was conducted by two researchers, K.D. and S.W., during early summer, well after emergence from hibernation in February–March, but before eggs begin to hatch and hatchlings are abundant in July/August (A. Sparkman, pers. obs.). Other lizard species known to live in the Santa Barbara area include Elgaria multicarinata (southern alligator lizard), Aspidoscelis tigris munda (California whiptail), and Uta stansburiana (common side-blotched lizard). Western Fence Lizards are relatively easily distinguished because they are highly distinct from E. multicarinata and A. tigris in both morphology and behavior; while U. stansburiana is also a small Phrynosomatid lizard, they are easily differentiated with proper training via differences in color patterns and general morphology. No formal ethical approval was sought for this study, as it involved non-invasive observations of lizards in the field.




2.2. Field Sampling


We generated a grid with transect points at 1 km intervals ranging from the foothills to the coast across the entire city of Santa Barbara using QGIS 3.4.6-Madeira. There were 143 accessible sites that were visited from this grid; sites that were located on a water body, major highway, or other inaccessible location were excluded from our study. At each site, the researchers chose a safely traversable area as close as possible to the grid point where they could walk a roughly linear transect. Once an area was selected, the researchers walked a 5 m wide, 50 m long transect and conducted a visual encounter survey to document the presence or absence of S. occidentalis. Each transect was recorded as a track using Garmin eTrex 20× Handheld GPS. While conducting each survey, researchers walked slowly along the transect, careful not to exceed a width of 5 m, observing both sides thoroughly, including looking around rocks and under foliage. If a lizard was observed within transect boundaries, researchers marked it with a waypoint with the GPS. Transects were conducted between 8:30 a.m. and 5:30 p.m. Days/times with high wind speeds and/or very high or very low temperatures at which lizards would be unlikely to be active were avoided. The majority of transects were visited on three separate occasions separated by a week or more and at random with respect to time of day, although 19 of the 143 sites were visited only twice.



For each transect, three site-specific local landscape variables representing potential refuges—rock cover, shrub cover, and trees—were characterized in the field. For each of these variables, data were categorized into four levels: the presence of 0 instances of rocks/shrubs/trees would result in a characterization of “none”, 1–3 instances were categorized as “limited”, 4–6 instances were categorized as “several”, and 7+ instances were categorized as “abundant”. Only rocks (whether natural or human-altered) that provided potential refuge were counted, meaning there had to be a potential area for lizards to hide underneath the rock(s), between rocks, or in cracks in the rock(s).



We derived estimates of landscape characteristics over a 0.02 km2 area surrounding each transect using QGIS and publicly available GIS layers of tree canopy (NLCD 2016), urban imperviousness (NLCD 2019), California streams (CDFW 2018), USDA Los Padres National Forest regional boundary (USDA 2015), and the average maximum temperature (°C) for each month (WorldClim 2.1, 2017). The NLCD percent tree canopy layer is a 30 m raster geospatial dataset that contains percent tree canopy estimates, as a continuous variable, for each pixel across all land covers and types and are generated by the United States Forest Service. The MRLC Urban Imperviousness layer is a raster dataset that provides the average percentage of anthropogenic-created impervious surface (i.e., impenetrable to rain, such as asphalt or concrete) for each pixel. The CDFW California Streams layer has high-resolution, measured polyline features representing entire streams for the state of California. The USDA Forest Service Regional Boundaries layer is a dataset that shows the boundaries of lands administered by the Forest Service. Note that the Los Padres National Forest is an expansive area of undeveloped land bordering the entire northern reaches of Santa Barbara (with the southern end being entirely ocean, and the eastern and western edges continuous with other urban communities), making it the most significant potential natural source population in the region. The WorldClim layer has a spatial resolution of 2.5 min and shows the average maximum temperature (°C) from 1970–2000 for each pixel in the study area each month observations took place. While we did not collect weather data during each survey, we found that the temperatures from WorldClim were strongly correlated (p < 0.0001) to current temperatures from 65 Weather Underground weather stations distributed across Santa Barbara, suggesting that the historical data can serve as a robust proxy for average temperatures at transect sites during our study period. We classified land type into four categories based on a combination of ground observations and reference to zoning data from the city of Santa Barbara: park, low-density residential, high-density residential, and commercial.




2.3. Statistical Analysis


To investigate factors influencing occupancy for S. occidentalis, occupancy and detection probability were examined using single-season, single-species occupancy models [63] in the program PRESENCE [64]. Within the occupancy models, variables were divided into two categories: (1) survey covariates that may affect probability of detection (p) when searching for lizards and (2) habitat covariates (both local and landscape-level) for predicting the probability of occupancy (ψ) that may differ among sites but are constant between surveys.



We ran models with each detection variable (researcher, time of day, and day of year) with ψ held constant. As none of these models were superior to the null model with constant p (∆AICc > 3), we used constant p for the detection probability for all subsequent occupancy models. To examine occupancy, we first ran a series of models for each 4-level refuge variable (rock cover, shrub cover, and tree cover), contrasting each level with the remaining three levels (e.g., none coded as “0”, and limited/several/abundant coded as “1”, etc.). As these preliminary models suggested that the none/limited and several/abundant levels were behaving in a similar manner, for the sake of simplicity we conducted all final model comparisons with 2-level refuge variables, with none/limited coded as “0” and several/abundant coded as “1”. A similar process was followed with respect to land type, such that we conducted all final models with a 2-level land type variable, with park/low-density residential coded as “0”, and commercial/high-density residential coded as “1”.



Subsequently, we ran all possible combinations of both local and landscape variables: rock cover, shrub cover, tree cover, land type, percent canopy cover, percent imperviousness, distance to nearest stream, distance to nearest forest boundary, and monthly average maximum temperature—with two main exceptions. First, imperviousness and canopy cover were never included in the same model, as these two variables were highly correlated (r = −0.67). Second, land type was not included in the same models as imperviousness, canopy, distance to nearest stream, distance to forest, as these variables differed significantly between land types. The best-fitting models were selected as the ones with the lowest AICc scores, with a ∆AICc < 3. Odds ratios were calculated for each categorical variable in the top model.





3. Results


We conducted three S. occidentalis surveys at 143 sites, with the exception of 19 transect sites being visited only twice, for a total of 410 surveys completed across an urban/wild gradient across the city of Santa Barbara. Lizards were observed at least once in 89/143 sites, resulting in a naïve occupancy of 0.62 across all habitats (Figure 1). The null model with constant p model had ψ = 0.77 ± 0.06 (SE), suggesting that imperfect detection should be accounted for when analyzing occupancy.



Researcher, day of the year, and time of day did not influence p, and thus were not considered further. The top 10 models predicting occupancy are presented in Table 1. The four variables consistently occurring in the top model and/or all models with ∆AICc < 3 from the top model were rock cover, land type, transect-level tree cover, and canopy cover. Shrub cover also appeared in three of the top ten models, but did not appear to improve model fit. Distance to the nearest forest boundary, distance to the nearest stream, percent imperviousness, and the average maximum temperature did not appear in any of the top models explaining lizard occupancy.



The top occupancy model included three variables: rock cover (none/limited vs. several/abundant), tree cover (none/limited vs. several/abundant), and land type (park/low-density residential vs. commercial/high density residential) (Table 1). The average ψ of sites where rock cover was none/limited was 0.62 ± 0.01 (SE), whereas ψ was 0.90 ± 0.01 (SE) where rock cover was characterized as several/abundant. Odds ratios indicate that with several/abundant rocks, the odds of lizards being present was 5.15 (95% CI: 1.14, 23.24) times higher than without several or abundant rocks (Figure 2). In contrast, the average ψ of sites where tree cover was none/limited was 0.83 ± 0.03 (SE), whereas ψ was 0.69 ± 0.02 (SE) where trees were characterized as several/abundant (Figure 2). Odds ratios indicate that several/abundant trees decreased the odds of lizards being present 2.48 (95% CI: 0.67, 9.14) times. The average ψ of sites where land type was characterized as park/low-density residential was 0.82 ± 0.02 (SE), whereas ψ was 0.57 ± 0.03 (SE) at commercial/high-density residential sites. The odds of lizards being present at park/low-density residential sites was 3.18 (95% CI: 1.03, 9.80) times higher than in commercial/high density land types.



The third-best model was equivalent to the top model, and includes canopy cover instead of the land type variable featured in the top two models (note that we did not combine these highly-related variables in the same models), indicating a positive relationship between percent canopy cover and lizard occupancy (β = 2.75 ± 1.71 (SE); Figure 3).




4. Discussion


Urbanization can have powerful consequences for occupancy of urban species, both through increasing fragmentation and decreasing connectivity, and through alterations in local habitat variables—whether an increase in hazards, or a reduction in access to key habitat requirements [5,8]. Some studies have indicated that lizard populations can be highly sensitive to habitat fragmentation and rely on connectivity to undeveloped land to persist [41,55,65,66,67], while other work suggests that small, generalist species may be able to persist in small patches if the habitat is of sufficient quality [48,68]. While we could not test for effects of patch size per se, as our study did not feature a patch-based design, we found no significant relationship in fence lizard occupancy related to the distance between our study transects and undeveloped land along the Los Padres National Forest boundary or the nearest stream. Rather, consistent with other studies investigating lizard persistence in small patches, our findings suggest that local habitat features may be the most important factors determining fence lizard occupancy in urban areas. We found that rock cover is strongly associated with fence lizard presence, and that land type and tree cover (at two spatial scales) may also be key features determining urban occupancy of S. occidentalis.



In our study, sites with more than four (several/abundant) potential rock refuges over the 50 m transects increased lizard occupancy rates from 62% to 90% on average relative to sites with fewer than four potential rock refuges (none/limited), suggesting that this habitat feature alone may be a powerful determinant of lizard persistence in and/or colonization of urban areas (Figure 1). Rock cover can be critical because rocks can offer both refuge from predators as well as opportunities for thermoregulation in the same location [53,54,55]. Interestingly, one recent study also found that urban lizards are highly dependent on rough, rocky substrates in both urban and rural areas for sheltered sleep sites and shielding them from night light [27]. Fence lizards may be reliant on rock refuges for any and all of these reasons, which further behavioral studies could examine.



While rock cover was in all of our top models, land type and canopy cover (which are highly associated, and therefore not included in the same models) were also present in the top models. Probability of lizard occupancy went up from 57% on average in commercial/high-density residential areas to 82% in park/low-density residential areas—a pattern that is easily discernible when lizard presence/absence at transects is mapped (Figure 1). Commercial/high-density residential areas may be associated with increased noise, artificial light, vehicular traffic, foot traffic, domestic animals, environmental temperatures, and ground imperviousness, as well as reduced canopy cover [5,8]. In our study, neither percent imperviousness nor maximum environmental temperature were important in any of the top models, which is perhaps not surprising, given that even for urban lizards in Phoenix, Arizona, a city with a high urban heat island effect, thermal patterns have not yet impacted lizard distribution and relative abundance at larger scales [69]. Nevertheless, it is possible that the other aspects of more intensively developed areas listed here could be playing a role in affecting habitat suitability for lizards.



Given that canopy cover did independently show a marked positive effect on occupancy when included in models with rock cover (Figure 3), the effect of land type may be at least partially attributable to the suitable “patches” of undeveloped land even in residential areas, which may reduce the intensity of other aspects of highly-developed areas that reduce habitat suitability. Indeed, this is consistent with studies in other lizard species suggesting that small pockets of vegetation, including residential gardens, are highly important for the persistence of lizard populations. For instance, studies suggest that Tennent’s leaf-nosed lizards (Ceratophora tennentii) are affected by shade, humidity, and density of perches in microhabitat pockets [70]; blue-tongued lizards (Tiliqua scincoides) use corridors of dense vegetation to move between retreat sites and actively avoided crossing roads [71]; and common skinks (Oligosoma nigriplantare polychrome) are more likely to be present in untidy gardens [55].



While canopy cover over the general vicinity of the transects was positively related to occupancy, several of our top models included local tree cover on the transect itself. Interestingly, transect-level tree cover showed a weak negative effect on lizard occupancy. On average, sites with more than four trees (several/abundant) had 69% occupancy, whereas sites with fewer than four trees (none/limited) had 83% occupancy (Figure 2c). This is perhaps surprising given that fence lizard presence has been associated with proximity to trees and shrubs in undeveloped areas [72]. However, other research in fence lizards shows remarkably habitat generalism, with populations in some areas being highly arboreal, and populations in other areas being primarily out in the open [57,58]. Our finding that there was a negative association between lizard occupancy and higher numbers of trees at the transect level suggests that in some cases other refuges could be sufficient, and basking areas out from under the shade of trees are at more of a premium in this system.



Surprisingly, shrub cover did not appear to be highly influential in our study (Figure 2b), regardless of the fact that these lizards can frequently be observed fleeing into low-growing vegetation (A. Sparkman, pers. obs.), and have been associated with proximity to shrubs in the wild [72]. However, this finding may be impacted by the fact that the majority of transects (80%) had “abundant” (more than seven) shrubs present. Thus, it is possible that there may be synergistic effects of shrub presence/absence and rock cover abundance that we were unable to detect in this study; future work could more directly target sites with different levels of shrub cover, to definitively determine whether or not its absence is detrimental to lizard urban occupancy.



While we focused primarily on “natural” features affecting lizard occupancy, study of two co-occurring Anolis species has demonstrated that they utilized different parts of urban habitats, one using more “natural” portions of the urban environment and the other using more anthropogenic structures [38]. Future work in fence lizards could also explore use of incidental anthropogenic refuges such as crevices in walls and fences, refuse piles, or other artificial cover in urban areas, and whether these are used more/less in the absence of natural refuges. Furthermore, the strong correlation between rock cover and fence lizard occupancy in our study suggests that an experimental framework could be useful in establishing to what degree artificial construction of rock refuges could foster expansion of fence lizards within residential areas. Different degrees of transect-level tree cover in the immediate area and canopy cover in the general vicinity could also be factored into the experimental design.



Our study is limited in that we focus on a single species in a particular location over one time period; nevertheless, it is a clear demonstration of how fine-scale examination of a particular locale can provide illuminating natural history insights into species occupancy. We provide evidence that clearly-defined habitat features can strongly impact fence lizard occupancy on an urban landscape, in a manner that opens up several avenues for investigation of how to maintain and perhaps even extend their presence in developed areas. Our work demonstrates how the study of local habitat variables can shed light on specific mechanisms affecting occupancy of individual species, and generates robust information for effective reptile conservation and management in urban areas.







Author Contributions


Conceptualization, A.M.S.; methodology, A.M.S., S.C.W. and K.E.D.; formal analysis, A.J.R., S.C.W. and A.M.S.; data curation, A.J.R., S.C.W. and A.M.S.; writing—original draft preparation, A.J.R. and A.M.S.; writing—review and editing, A.M.S.; visualization, A.M.S.; supervision, A.M.S.; project administration, A.M.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


No formal ethical approval was sought for this study, as it involved non-invasive observations of lizards in the field.




Data Availability Statement


Data is available from Dryad from doi:10.5061/dryad.h18931znf.




Acknowledgments


We thank the Westmont College Provost office for supporting this research through summer research fellowships to K.D. and S.W.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Brook, B.W.; Sodhi, N.S.; Bradshaw, C.J.A. Synergies among Extinction Drivers under Global Change. Trends Ecol. Evol. 2008, 23, 453–460. [Google Scholar] [CrossRef] [PubMed]

	



Crowl, T.A.; Crist, T.O.; Parmenter, R.R.; Belovsky, G.; Lugo, A.E. The Spread of Invasive Species and Infectious Disease as Drivers of Ecosystem Change. Front. Ecol. Environ. 2008, 6, 238–246. [Google Scholar] [CrossRef]

	



Kendall, R.J.; Lacher, T.E.; Cobb, G.C.; Cox, S.B. (Eds.) Wildlife Toxicology: Emerging Contaminant and Biodiversity Issues; CRC Press: Boca Raton, FL, USA, 2010; ISBN 978-0-429-15018-0. [Google Scholar]

	



Dirzo, R.; Young, H.S.; Galetti, M.; Ceballos, G.; Isaac, N.J.B.; Collen, B. Defaunation in the Anthropocene. Science 2014, 345, 401–406. [Google Scholar] [CrossRef] [PubMed]

	



Niemelä, J.; Breuste, J.H.; Guntenspergen, G.; McIntyre, N.E.; Elmqvist, T.; James, P. Urban Ecology: Patterns, Processes, and Applications; Oxford University Press: Oxford, UK, 2011; ISBN 978-0-19-161323-4. [Google Scholar]

	



Elmqvist, T.; Fragkias, M.; Goodness, J.; Güneralp, B.; Marcotullio, P.J.; McDonald, R.I.; Parnell, S.; Schewenius, M.; Sendstad, M.; Seto, K.C. Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities: A Global Assessment; Springer Nature: Heidelberg, Germany, 2013. [Google Scholar]

	



Ditchkoff, S.S.; Saalfeld, S.T.; Gibson, C.J. Animal Behavior in Urban Ecosystems: Modifications Due to Human-Induced Stress. Urban Ecosyst. 2006, 9, 5–12. [Google Scholar] [CrossRef]

	



Shochat, E.; Warren, P.S.; Faeth, S.H.; McIntyre, N.E.; Hope, D. From Patterns to Emerging Processes in Mechanistic Urban Ecology. Trends Ecol. Evol. 2006, 21, 186–191. [Google Scholar] [CrossRef] [PubMed]

	



Fischer, J.D.; Cleeton, S.H.; Lyons, T.P.; Miller, J.R. Urbanization and the Predation Paradox: The Role of Trophic Dynamics in Structuring Vertebrate Communities. BioScience 2012, 62, 809–818. [Google Scholar] [CrossRef]

	



Forman, R.T.T. Urban Ecology: Science of Cities; Cambridge University Press: New York, NY, USA, 2014; ISBN 978-1-107-00700-0. [Google Scholar]

	



McDonnell, M.J.; Hahs, A.K. The Future of Urban Biodiversity Research: Moving beyond the ‘Low-Hanging Fruit’. Urban Ecosyst. 2013, 16, 397–409. [Google Scholar] [CrossRef]

	



Ikin, K.; Le Roux, D.S.; Rayner, L.; Villaseñor, N.R.; Eyles, K.; Gibbons, P.; Manning, A.D.; Lindenmayer, D.B. Key Lessons for Achieving Biodiversity-Sensitive Cities and Towns. Ecol. Manag. Restor. 2015, 16, 206–214. [Google Scholar] [CrossRef]

	



Ouyang, J.Q.; Isaksson, C.; Schmidt, C.; Hutton, P.; Bonier, F.; Dominoni, D. A New Framework for Urban Ecology: An Integration of Proximate and Ultimate Responses to Anthropogenic Change. Integr. Comp. Biol. 2018, 58, 915–928. [Google Scholar] [CrossRef]

	



Lepczyk, C.A.; Warren, P.S. Urban Bird Ecology and Conservation; University of California Press: Berkeley, CA, USA, 2012; ISBN 978-0-520-95389-5. [Google Scholar]

	



Gil, D.; Brumm, H. Avian Urban Ecology; Oxford University Press: Oxford, UK, 2014; ISBN 978-0-19-966158-9. [Google Scholar]

	



Murgui, E.; Hedblom, M. Ecology and Conservation of Birds in Urban Environments; Springer: Heidelberg, Germany, 2017; ISBN 978-3-319-43314-1. [Google Scholar]

	



Boal, C.W.; Dykstra, C.R. Urban Raptors: Ecology and Conservation of Birds of Prey in Cities; Island Press: Washington, DC, USA, 2018; ISBN 978-1-61091-840-4. [Google Scholar]

	



Böhm, M.; Collen, B.; Baillie, J.E.M.; Bowles, P.; Chanson, J.; Cox, N.; Hammerson, G.; Hoffmann, M.; Livingstone, S.R.; Ram, M.; et al. The Conservation Status of the World’s Reptiles. Biol. Conserv. 2013, 157, 372–385. [Google Scholar] [CrossRef]

	



McCallum, M.L. Vertebrate Biodiversity Losses Point to a Sixth Mass Extinction. Biodiv. Conserv. 2015, 24, 2497–2519. [Google Scholar] [CrossRef]

	



Tonini, J.F.R.; Beard, K.H.; Ferreira, R.B.; Jetz, W.; Pyron, R.A. Fully-Sampled Phylogenies of Squamates Reveal Evolutionary Patterns in Threat Status. Biol. Conserv. 2016, 204, 23–31. [Google Scholar] [CrossRef]

	



Zipkin, E.F.; DiRenzo, G.V.; Ray, J.M.; Rossman, S.; Lips, K.R. Tropical Snake Diversity Collapses after Widespread Amphibian Loss. Science 2020, 367, 814–816. [Google Scholar] [CrossRef] [PubMed]

	



Gardner, T.A.; Barlow, J.; Peres, C.A. Paradox, presumption and pitfalls in conservationbiology: The importance of habitat change for amphibians and reptiles. Biol. Conserv. 2007, 138, 166–179. [Google Scholar] [CrossRef]

	



Keinath, D.A.; Doak, D.F.; Hodges, K.E.; Prugh, L.R.; Fagan, W.; Sekercioglu, C.H.; Buchart, S.H.M.; Kauffman, M. A Global Analysis of Traits Predicting Species Sensitivity to Habitat Fragmentation. Glob. Biol. Biogeogr. 2017, 26, 115–127. [Google Scholar] [CrossRef]

	



Doherty, T.S.; Balouch, S.; Bell, K.; Burns, T.J.; Feldman, A.; Fist, C.; Garvey, T.F.; Jessop, T.S.; Meiri, S.; Driscoll, D.A. Reptile Responses to Anthropogenic Habitat Modification: A Global Meta-Analysis. Glob. Biol. Biogeogr. 2020, 29, 1265–1279. [Google Scholar] [CrossRef]

	



Mancera, K.; Murray, P.; Lisle, A.; Dupont, C.; Faucheux, F.; Phillips, C. The Effects of Acute Exposure to Mining Machinery Noise on the Behaviour of Eastern Blue-Tongued Lizards (Tiliqua scincoides). Anim. Welf. 2017, 26, 11–24. [Google Scholar] [CrossRef]

	



Kolbe, J.J.; VanMiddlesworth, P.; Battles, A.C.; Stroud, J.T.; Buffum, B.; Forman, R.T.T.; Losos, J.B. Determinants of Spread in an Urban Landscape by an Introduced Lizard. Landsc. Ecol. 2016, 31, 1795–1813. [Google Scholar] [CrossRef]

	



Mohanty, N.P.; Joshi, M.; Thaker, M. Urban Lizards Use Sleep Sites That Mirror the Structural, Thermal, and Light Properties of Natural Sites. Behav. Ecol. Sociobiol. 2021, 75, 166. [Google Scholar] [CrossRef]

	



Kechnebbou, M.; Martín, J.; Chammem, M.; Arregui, L.; Nouira, S. Roads and Urban Areas as Physiological Stressors of Spiny-Tailed Lizards, Uromastyx acanthinura. J. Arid. Environ. 2019, 170, 103997. [Google Scholar] [CrossRef]

	



Wotherspoon, D.; Burgin, S. The Impact on Native Herpetofauna Due to Traffic Collision at the Interface between a Suburban Area and the Greater Blue Mountains World Heritage Area: An Ecological Disaster? Austral. Zool. 2011, 35, 1040–1046. [Google Scholar] [CrossRef]

	



Germaine, S.S.; Wakeling, B.F. Lizard Species Distributions and Habitat Occupation along an Urban Gradient in Tucson, Arizona, USA. Biol. Conserv. 2001, 97, 229–237. [Google Scholar] [CrossRef]

	



French, S.S.; Fokidis, H.B.; Moore, M.C. Variation in Stress and Innate Immunity in the Tree Lizard (Urosaurus ornatus) across an Urban–Rural Gradient. J. Comp. Physiol. B 2008, 178, 997–1005. [Google Scholar] [CrossRef] [PubMed]

	



Ackley, J.W.; Wu, J.; Angilletta, M.J.; Myint, S.W.; Sullivan, B. Rich Lizards: How Affluence and Land Cover Influence the Diversity and Abundance of Desert Reptiles Persisting in an Urban Landscape. Biol. Conserv. 2015, 182, 87–92. [Google Scholar] [CrossRef]

	



Beninde, J.; Feldmeier, S.; Werner, M.; Peroverde, D.; Schulte, U.; Hochkirch, A.; Veith, M. Cityscape Genetics: Structural vs. Functional Connectivity of an Urban Lizard Population. Mol. Ecol. 2016, 25, 4984–5000. [Google Scholar] [CrossRef]

	



Kolbe, J.J.; Moniz, H.A.; Lapiedra, O.; Thawley, C.J. Bright Lights, Big City: An Experimental Assessment of Short-Term Behavioral and Performance Effects of Artificial Light at Night on Anolis Lizards. Urban Ecosyst. 2021, 24, 1035–1045. [Google Scholar] [CrossRef]

	



Hall, J.M.; Warner, D.A. Body Size and Reproduction of a Non-Native Lizard Are Enhanced in an Urban Environment. Biol. J. Linn. Soc. 2017, 122, 860–871. [Google Scholar] [CrossRef]

	



Lapiedra, O. Urban Behavioral Ecology: Lessons from Anolis Lizards. Integr. Comp. Biol. 2018, 58, 939–947. [Google Scholar] [CrossRef]

	



Sparkman, A.; Howe, S.; Hynes, S.; Hobbs, B.; Handal, K. Parallel Behavioral and Morphological Divergence in Fence Lizards on Two College Campuses. PLoS ONE 2018, 13, e0191800. [Google Scholar] [CrossRef]

	



Winchell, K.M.; Carlen, E.J.; Puente-Rolón, A.R.; Revell, L.J. Divergent Habitat Use of Two Urban Lizard Species. Ecol. Evol. 2018, 8, 25–35. [Google Scholar] [CrossRef]

	



Batabyal, A.; Thaker, M. Lizards from Suburban Areas Learn Faster to Stay Safe. Biol. Lett. 2019, 15, 20190009. [Google Scholar] [CrossRef] [PubMed]

	



Tiatragul, S.; Hall, J.M.; Warner, D.A. Nestled in the City Heat: Urban Nesting Behavior Enhances Embryo Development of an Invasive Lizard. J. Urban Ecol. 2020, 6, juaa001. [Google Scholar] [CrossRef]

	



Delaney, K.S.; Busteed, G.; Fisher, R.N.; Riley, S.P.D. Reptile and Amphibian Diversity and Abundance in an Urban Landscape: Impacts of Fragmentation and the Conservation Value of Small Patches. Ichthyol. Herpetol. 2021, 109, 424–435. [Google Scholar] [CrossRef]

	



Putman, B.J.; Williams, R.; Li, E.; Pauly, G.B. The Power of Community Science to Quantify Ecological Interactions in Cities. Sci. Rep. 2021, 11, 3069. [Google Scholar] [CrossRef]

	



French, S.S.; Webb, A.C.; Hudson, S.B.; Virgin, E.E. Town and Country Reptiles: A Review of Reptilian Responses to Urbanization. Integr. Comp. Biol. 2018, 58, 948–966. [Google Scholar] [CrossRef]

	



Putman, B.J.; Samia, D.S.; Cooper, W.E.; Blumstein, D.T. Impact of Human-Induced Environmental Changes on Lizard Behavior: Insights from Urbanization. In Behavior of Lizards; CRC Press: Boca Raton, FL, USA, 2019; pp. 375–396. [Google Scholar]

	



Putman, B.J.; Tippie, Z.A. Big City Living: A Global Meta-Analysis Reveals Positive Impact of Urbanization on Body Size in Lizards. Front. Ecol. Evol. 2020, 8, 580745. [Google Scholar] [CrossRef]

	



Kitchener, D.J.; Chapman, A.; Dell, J.; Muir, B.G.; Palmer, M. Lizard Assemblage and Reserve Size and Structure in the Western Australian Wheatbelt—Some Implications for Conservation. Biol. Conserv. 1980, 17, 25–62. [Google Scholar] [CrossRef]

	



James, C. Response of Vertebrates to Fenceline Contrasts in Grazing Intensity in Semi-Arid Woodlands of Eastern Australia. Austral. Ecol. 2003, 28, 137–151. [Google Scholar] [CrossRef]

	



Jellinek, S.; Driscoll, D.A.; Kirkpatrick, J.B. Environmental and Vegetation Variables Have a Greater Influence than Habitat Fragmentation in Structuring Lizard Communities in Remnant Urban Bushland. Austral. Ecol. 2004, 29, 294–304. [Google Scholar] [CrossRef]

	



Castellano, M.J.; Valone, T.J. Effects of Livestock Removal and Perennial Grass Recovery on the Lizards of a Desertified Arid Grassland. J. Arid. Environ. 2006, 66, 87–95. [Google Scholar] [CrossRef]

	



Wilgers, D.J.; Horne, E.A.; Sandercock, B.K.; Volkmann, A.W. Effects of Rangeland Management on Community Dynamics of the Herpetofauna of the Tallgrass Prairie. Herpetologica 2006, 62, 378–388. [Google Scholar] [CrossRef]

	



Dibner, R.R.; Doak, D.F.; Murphy, M. Discrepancies in Occupancy and Abundance Approaches to Identifying and Protecting Habitat for an At-Risk Species. Ecol. Evol. 2017, 7, 5692–5702. [Google Scholar] [CrossRef] [PubMed]

	



Mitchell, T.S.; Folt, B.; Hall, J.M. Dumpsters and Other Anthropogenic Structures as Habitat for Invasive African Rock Agama Lizards in Florida. Biol. Invasions 2021, 23, 2689–2693. [Google Scholar] [CrossRef]

	



Downes, S.; Shine, R. Heat, Safety or Solitude? Using Habitat Selection Experiments to Identify a Lizard’s Priorities. Anim. Behav. 1998, 55, 1387–1396. [Google Scholar] [CrossRef] [PubMed]

	



Monasterio, C.; Salvador, A.; Díaz, J.A. Altitude and Rock Cover Explain the Distribution and Abundance of a Mediterranean Alpine Lizard. J. Herpetol. 2010, 44, 158–163. [Google Scholar] [CrossRef]

	



van Heezik, Y.; Ludwig, K. Proximity to Source Populations and Untidy Gardens Predict Occurrence of a Small Lizard in an Urban Area. Landsc. Urban Plan. 2012, 104, 253–259. [Google Scholar] [CrossRef]

	



Stebbins, R.C. Peterson Field Guide to Western Reptiles & Amphibians, 3rd ed.; Houghton Mifflin Company: Boston, MA, USA, 2003. [Google Scholar]

	



Marcellini, D.; MacKey, J.P. Habitat Preferences of the Lizards, Sceloporus occidentalis and S. Graciosus (Lacertilia, Iguanidae). Herepetologica 1970, 26, 51–56. [Google Scholar]

	



Rose, B.R. Habitat and Prey Selection of Sceloporus occidentalis and Sceloporus graciosus. Ecology 1976, 57, 531–541. [Google Scholar] [CrossRef]

	



Grolle, E.K.; Lopez, M.C.; Gerson, M.M. Flight Initiation Distance Differs between Populations of Western Fence Lizards (Sceloporus occidentalis) at a Rural and an Urban Site. Bull. South. Calif. Acad. Sci. 2014, 113, 42–46. [Google Scholar] [CrossRef]

	



Putman, B.J.; Gasca, M.; Blumstein, D.T.; Pauly, G.B. Downsizing for Downtown: Limb Lengths, Toe Lengths, and Scale Counts Decrease with Urbanization in Western Fence Lizards (Sceloporus occidentalis). Urban Ecosyst. 2019, 22, 1071–1081. [Google Scholar] [CrossRef]

	



Climate of Santa Barbara, California. Available online: https://repository.library.noaa.gov/view/noaa/14480 (accessed on 25 January 2022).

	



Parker, V.T. Chaparral of California. In Encyclopedia of the World’s Biomes; Goldstein, M.I., DellaSala, D.A., Eds.; Elsevier: Oxford, UK, 2020; pp. 457–472. ISBN 978-0-12-816097-8. [Google Scholar]

	



MacKenzie, D.I.; Nichols, J.D.; Lachman, G.B.; Droege, S.; Andrew Royle, J.; Langtimm, C.A. Estimating Site Occupancy Rates When Detection Probabilities Are Less than One. Ecology 2002, 83, 2248–2255. [Google Scholar] [CrossRef]

	



Hines, J. PRESENCE 3.1 Software to Estimate Patch Occupancy and Related Parameters. 2006. Available online: http://www.mbr-pwrc.usgs.gov/software/presence.html (accessed on 1 September 2021).

	



Smith, G.T.; Arnold, G.W.; Sarre, S.; Abensperg-Traun, M.; Steven, D.E. The Effect of Habitat Fragmentation and Livestock Grazing on Animal Communities in Remnants of Gimlet Eucalyptus salubris Woodland in the Western Australian Wheatbelt. II. Lizards. J. Appl. Ecol. 1996, 33, 1302–1310. [Google Scholar] [CrossRef]

	



MacNally, R.; Brown, G.W. Reptiles and Habitat Fragmentation in the Box-Ironbark Forests of Central Victoria, Australia: Predictions, Compositional Change and Faunal Nestedness. Oecologia 2001, 128, 116–125. [Google Scholar] [CrossRef] [PubMed]

	



Delaney, K.S.; Riley, S.P.D.; Fisher, R.N. A Rapid, Strong, and Convergent Genetic Response to Urban Habitat Fragmentation in Four Divergent and Widespread Vertebrates. PLoS ONE 2010, 5, e12767. [Google Scholar] [CrossRef] [PubMed]

	



Santos, T.; Díaz, J.A.; Pérez-Tris, J.; Carbonell, R.; Tellería, J.L. Habitat Quality Predicts the Distribution of a Lizard in Fragmented Woodlands Better than Habitat Fragmentation. Anim. Cons. 2008, 11, 46–56. [Google Scholar] [CrossRef]

	



Ackley, J.W.; Angilletta, M.J.; DeNardo, D.; Sullivan, B.; Wu, J. Urban Heat Island Mitigation Strategies and Lizard Thermal Ecology: Landscaping Can Quadruple Potential Activity Time in an Arid City. Urban Ecosyst. 2015, 18, 1447–1459. [Google Scholar] [CrossRef]

	



Somaweera, R.; Wijayathilaka, N.; Bowatte, G.; Meegaskumbura, M. Conservation in a Changing Landscape: Habitat Occupancy of the Critically Endangered Tennent’s Leaf-Nosed Lizard (Ceratophora tennentii) in Sri Lanka. J. Nat. Hist. 2015, 49, 1961–1985. [Google Scholar] [CrossRef]

	



Koenig, J.; Shine, R.; Shea, G. The Ecology of an Australian Reptile Icon: How Do Blue-Tongued Lizards (Tiliqua scincoides) Survive in Suburbia? Wildl. Res. 2001, 28, 214–227. [Google Scholar] [CrossRef]

	



Grover, M.C. Microhabitat Use and Thermal Ecology of Two Narrowly Sympatric Sceloporus (Phrynosomatidae) Lizards. J. Herpetol. 1996, 30, 152–160. [Google Scholar] [CrossRef]








[image: Diversity 14 00655 g001 550] 





Figure 1. Locations of S. occidentalis survey transects. Open circles indicate transects where lizards were not observed on any visit, whereas circles with black centers indicate transects where lizards were observed on at least one visit. The upper map shows the boundary of the Los Padres National Forest (green), as well as streams across the study area (blue). The lower map shows the distribution of canopy cover across the study area, with the dark to light green gradient reflecting a continuum of high to low canopy cover. 
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Figure 2. Proportion of sites with lizards present with respect to (a) rock cover, (b) shrub cover, and (c) transect-level tree cover. Only rock cover and tree cover appeared in the top models. 
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Figure 3. Probability of occupancy with increasing percent canopy cover in the area surrounding the S. occidentalis survey transects. 
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Table 1. Top 10 models for S. occidentalis occupancy across the urban–rural gradient in Santa Barbara, California. AICc values, change in AICc values relative to the top model, and AIC weights (ω are shown. Data are also provided on the null model with no covariates.
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	Model
	AICc
	∆AICc
	ω





	1 rock cover + tree cover + land type
	511.05
	0
	0.2124



	2 rock cover + land type
	511.34
	0.29
	0.1838



	3 rock cover + tree cover + canopy cover
	512.29
	1.24
	0.1143



	4 rock cover + shrub cover + tree cover + land type
	512.3
	1.25
	0.1137



	5 rock cover + shrub cover + land type
	512.67
	1.62
	0.0945



	6 rock cover + canopy cover
	513.23
	2.18
	0.0714



	7 rock cover + tree cover
	513.54
	2.49
	0.0612



	8 rock cover + shrub cover + tree cover + canopy cover
	513.75
	2.7
	0.0551



	9 rock cover
	513.76
	2.71
	0.0548



	10 tree cover + canopy cover
	514.54
	3.49
	0.0371



	1 group, constant p (null model)
	520.58
	9.53
	0.0018
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