

[image: image1]
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Both natural and artificial light at night can strongly influence animal behavior. Nocturnal animals often alter activity dependent on lunar light levels, to increase prey capture, minimize detection by predators, or both. Trade-offs among these ecological effects are likely to have a strong influence on behavior and fitness. Here, we examined the influence of light at night on nocturnal geckos that are both predators and prey, and use both natural and anthropogenic habitats. We tested the influence of illumination on the relative abundance and behavioral activity of native geckos in natural woodlands and under laboratory conditions. We hypothesized that Australian native house geckos (Gehyra dubia) would avoid activity on nights with high moon brightness, to minimize exposure to predators, consistent with the predation risk hypothesis. Counter to our prediction, we found a positive relationship between house gecko activity and moon brightness, i.e., house geckos were more active on bright nights. This behavior may allow house geckos to better see their prey while also increasing the visibility of approaching predators. In the laboratory, house geckos had shorter latency times to emerge from a shelter under low light conditions compared to darkness equivalent to a new moon, a trend consistent with higher activity under brighter conditions in the field. Light at night, from both natural and artificial sources, clearly influences the behavior and activity of geckos, but perhaps not in the ways we expect. Reducing the risk of attack from predators in darkness, and increasing prey capture success using vision, may increase the benefits of activity in lit conditions, compared to total darkness.
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INTRODUCTION

Wildlife have adapted to cycles in environmental conditions by adjusting behavior. For example, animals can be grouped into at least four major activity categories based on diurnal changes in light levels: diurnal, crepuscular, cathemeral, or nocturnal (i.e., active in the day, at dawn and dusk, both day and night, or at night, respectively). Differences in activity among these groups is thought to increase fitness by reducing competition and predation risk (Kronfeld-Schor and Dayan, 1999, 2003; Kronfeld-Schor et al., 2017). Although we generally categorize 24-h periods into two major time periods, light (day) and dark (night), there are substantial variations in light levels within both these periods. Light levels are influenced primarily by weather, especially cloud cover, but also by planetary movements, such as moon phases and solar eclipses. Lunar illumination produces only a fraction of the light produced by the sun during the day, i.e., the sun is approx. 400,000 times brighter than a full moon (Williams, 2004, 2010), but the moon provides enough light for nocturnal species with evolutionarily adapted eyesight to function, and, when at its brightest, even diurnal species can see quite well in lunar light (Alonso et al., 2021). In addition, light levels at night are often increased by anthropogenic sources of artificial light (Kyba et al., 2011; Kyba and Hölker, 2013).

Even in the most remote parts of the world, far from human settlements, nocturnal landscapes are illuminated by the moon. The natural cycles of lunar illumination drive changes in species’ behavior (Jetz et al., 2003; Prugh and Golden, 2014). For example, many visually oriented predator species forage on bright nights (Lang et al., 2006; Lillywhite and Brischoux, 2012; Navarro-Castilla and Barja, 2014; Prugh and Golden, 2014) while many prey species avoid bright nights to minimize detection by predators (Kramer and Birney, 2001; Kotler et al., 2010; Weaver, 2011). Varying light levels create a complicated series of costs and benefits for small predators, such that they must balance the risks and rewards of using moonlight to detect both their prey and their predators (Daly et al., 1992; Bouskila, 1995; Penteriani et al., 2013). In addition, factors other than activity reduction can be important. For example, prey may decrease predation risk by changing their habitat selection to increase shelter use and minimize detection from predators, while minimizing food acquisition under bright lunar conditions (Skutelsky, 1996; Upham and Hafner, 2013; Prugh and Golden, 2014). Thus, nocturnal predators and prey, although adapted to low light conditions, could benefit from lunar illumination compared to complete darkness.

Prugh and Golden (2014) developed three theories to describe the response of animals to moonlight, and associated trade-offs. The first is the predation risk hypothesis, which posits that if the dominant effect of moonlight is to increase predation risk, we expect prey animals to reduce their activity to minimize this effect. Second, the habitat-mediated predation risk hypothesis, which suggests prey may offset increased predation risk under bright moonlight conditions by changing their habitat use, to include microhabitats with more shelter, thereby avoiding detection by predators. And finally, the visual acuity hypothesis states that moonlight should aid in foraging success of prey, and simultaneously aid in predator detection. This theory is relevant only to visually oriented species, such that groups that forage predominantly by other senses, e.g., smell or echolocation, should be unaffected by changes in moonlight. A challenge of testing the two first theories outlined above is placing the model group into the appropriate trophic category. Mesopredators are both predators of lower trophic groups, and prey to those in higher trophic groups. Therefore, while a mesopredator may be more active on bright nights to better detect their prey, they also risk higher visibility to their predators. Exploring their responses to increased light at night should reveal the primary risks driving their behavioral responses.

Geckos are mesopredators: both predators of arthropods (Nordberg et al., 2018b) and prey for birds and snakes (Nordberg and Schwarzkopf, 2019b), so they must balance complex cost-benefit trade-offs when active at night. Therefore, nocturnal geckos are an interesting model system in which to investigate the effects of lunar and artificial light on behavioral activity. Here we examined the influence of moon illumination on an abundant nocturnal gecko’s activity and behavior. We combined field surveys and a laboratory experiment to test two hypotheses described above (Prugh and Golden, 2014), examining if illumination (i.e., moon brightness) influenced the activity and behavior of geckos. First, we tested the predation risk hypothesis, by quantifying gecko and nocturnal bird detections on nights with different levels of moon illumination. We predicted (i) that geckos would be less abundant (detectable) on bright nights, to reduce detection by their predators, and (ii) that predators would be more abundant on bright nights. We also examined this hypothesis in the laboratory, by examining gecko willingness to emerge from shelter under dark, versus low light, conditions. We predicted geckos would be less likely to emerge from shelter when it was lighter, consistent with our prediction they would be less active in the field when it was lighter. Second, we tested the habitat-mediated predation risk hypothesis by specifically examining the complexity of the habitats used by geckos on nights with varying moon illumination. We predicted that geckos would alter their microhabitat use to favor trees with more shelter in response to increased predation risk under bright lunar conditions.



MATERIALS AND METHODS


Study Species and Field Site

In northeastern Australia, house geckos (Gehyra dubia) are one of the most abundant nocturnal lizards (Neilly et al., 2018; Nordberg et al., 2018b; Nordberg and Schwarzkopf, 2019c). They occupy a variety of habitats, including bushland and urban environments (Zozaya et al., 2015; Nordberg and Schwarzkopf, 2019c). Given their small size (4.04 ± 0.07 g; Riedel et al., 2020) and high abundance, they are prey items for a variety of predators including birds, snakes, and even large invertebrates (Nordberg et al., 2018a; Nordberg and Schwarzkopf, 2019b). Field surveys were conducted within the Wambiana Grazing Trial (WGT) on Wambiana Station, a commercial cattle property 80 km southwest of Charters Towers, QLD, Australia (Figure 1). The WGT is composed of open savanna woodlands, dominated by Reid River box (Eucalyptus brownii) and Silver-leaf ironbark (E. melanofloia). For detailed site descriptions, see Neilly et al. (2017) and O’Reagain et al. (2011).
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FIGURE 1. Field studies were conducted on the Wambiana Grazing Trail, a commercial cattle property located near Charters Towers, QLD, Australia. Twenty-four sites (white squares; 1 ha. each) were used to sample for geckos and predators (A). We used the Australian native house gecko, Gehyra dubia, as our study species. Gehyra dubia is abundant across eastern Australia and inhabits a wide range of habitats, including natural and anthropogenic environments (B). Photograph by R. Pillai, 2022.




Field Surveys

Predation risk hypothesis – Nocturnal geckos and their potential predators were surveyed using timed-constrained spotlight surveys to assess their relative abundances. Spotlighting at night is an ideal survey method because nocturnal animals can easily be observed from great distances using their eyeshine (light from a headtorch being reflected back off the animal’s tapetum lucidum). We used relative abundance as a proxy for activity, given that animals in shelters (e.g., in tree hollows, under bark, or other refugia) are not detectable during spotlight surveys, therefore all animals we detected were assumed to be active (e.g., exposed while moving or foraging). At each site (n = 24), two observers searched a 1 ha. site for geckos and their predators (predaceous birds, mammals and reptiles) on trees, logs, shrubs, and the ground. Surveys were conducted nightly for 1 week each in July and September 2014, August 2015, and May 2016.

Habitat-mediated predation risk hypothesis – For each gecko observation in the above described data, we assessed their microhabitat (tree bark) and categorised the structural complexity of the bark into one of three “flakiness” categories (Nordberg and Schwarzkopf, 2019c). Tree bark with a low flakiness score (bark index = 1) had tight, braided fissures, and few places for geckos to hide. Tree bark with high flakiness scores (bark index = 3) had loose and peeling tree bark and abundant shelter area (Figure 2A). In addition, we used a measure of tree branching complexity (i.e., the number of branching nodes coming off the main trunk) as a measure of structural complexity of each tree (Figure 2B). We followed the assumption that a more complex branching tree would provide more shelter for geckos while they were active, and more obstacles for predators, especially birds.
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FIGURE 2. Microhabitat complexity measures, with tree bark index (A: “flakiness score”) ranging from 1 (not flaky, no peeling bark, tight braided fissures and very few sheltering options for geckos) to 3 (very loose and flaky or peeling tree bark with multiple areas for refugia; tree branch complexity (B), with only two major branches coming from the main trunk (black arrows; left) compared to a more complex tree with more branching complexity with six branches coming off the main trunk (right).


Environmental conditions were recorded during each survey, including moon phase and illumination, collated from www.timeanddate.com. We used an adjusted measure of moon illumination (herein referred to as “moon illumination”) because the moon was not always visible above the horizon during surveys (when the moonrise occurred after the spotlight survey period). We corrected for this by using an illumination value of zero when the moon was below the horizon. We used moon illumination (% illuminated) as a metric of moon brightness because our site had very low cloud cover (cloud cover reached a maximum of 5% during all surveys). A Sky Quality Meter (Sky Quality Meter SQM, Unihedron, Grimsby, Ontario, Canada) was used to measure the night brightness during a full moon (100% illuminated) and a new moon (0% illuminated) for comparison with our lab data (see 2.4 Emergence test below). We present the mean ± SD of five measures with the SQM under each condition (full moon, new moon, lab “full moon”, lab “new moon”) to capture variability. The SQM measures sky brightness in magnitudes per square arcsecond, with typical values ranging from 17 (a bright moon with artificial light pollution) to 23 (very dark night sky with no moon or light pollution). For comparability to other studies, we have converted the skyglow measures from the SQM (mag/arcsec2) to estimates of luminance (candelas) and illuminance (lux) following the approach outlined by Wilson et al. (2021) (Table 1).


TABLE 1. Measure of skyglow (mag/arcsec2), luminance (candela [cd/m2]), and illuminance (lux [lm/m2]).
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Gecko Collection and Husbandry for Lab Experiments

In March 2020, we collected 20 house geckos (Gehyra dubia) from the James Cook University campus (JCU), Townsville, Queensland, Australia. All geckos were hand-captured between 18:30 and 22:30 h from buildings, trees, and other vegetation around the campus. All geckos were maintained individually in plastic containers (300 × 225 × 115 mm L × W × H) containing a double layer of paper towel as substrate and shelter, a water dish, and a thermal gradient temperature strip along one side of the enclosure to allow for thermoregulation (Nordberg and Schwarzkopf, 2019a). Geckos were housed in a temperature-controlled room (25.5 ± 1.5°C) with a 12:12 h light cycle. Geckos were fed live European house crickets (Acheta domesticus) and provided fresh water twice weekly. All geckos were allowed two weeks to acclimate before any testing occurred.



Emergence Test

We designed a lab experiment to assess a behavior similar to what we measured in our field observations (to quantify the activity of geckos in response to varying light levels). To assess the activity of geckos in two light treatments, we used four identical glass terraria as testing arenas (500 × 400 × 300 mm; L × W × H; Figure 3). Each arena contained a 100 × 100 × 150 mm (L × W × H) ceramic tile shelter placed vertically against one glass wall, held in place with Blu-Tack adhesive (Blu-Tack, Bostik Australia Pty Ltd., Thomastown, VIC, Australia) as a refuge for the gecko. All trials used two infrared lights positioned behind the testing arena to increase the contrast between the gecko and the background of the arena for filming. In the light treatment, a 45-W bulb was placed inside a concrete block in the corner of the room, pointing at the wall, to provide the very low level of light (0.0091 lux compared to a full moon night of 0.0230 lux; Table 1). In the dark treatment, no room lights were used (0.0007 lux compared to a new moon night of 0.0019 lux; Table 1). All trials were recorded for 20 min with the video camera in night mode. To begin the experiment, geckos were placed in the center of the testing arenas and encouraged to take refuge under the tile shelter by chasing with an open hand, representing a simulated predation attempt to begin each trial. We then measured how long it took geckos to exit the shelter (emergence time) and to become active by exploring the testing arena. This behavior is similar to that in our field study as geckos under shelters would not be detectable during a spotlight survey, however, after the gecko emerged from the shelter to explore the arena (e.g., similar to crawling on the trunks of trees), they would be detectable via eyeshine. This experiment allowed us to test the activity of geckos in response to nocturnal light in the lab. The walls of the arena and the tile shelters were cleaned with 80% ethanol between trials to remove any chemical cues left by previous geckos. Each gecko was randomly tested twice per light treatment but was not tested more than once per 24 h.
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FIGURE 3. Experimental testing arena to test emergence time of Gehyra dubia in the laboratory. Testing arenas (glass terraria: 500 × 400 × 300 mm; L × W × H) have a ceramic tile shelter (100 × 100 × 150 mm; L × W × H) adhered to one vertical wall of the terrarium with BluTack adhesive (Blu-Tack, Bostik Australia Pty Ltd., Thomastown, VIC, Australia). Figure adapted from Nordberg et al., 2021.




Data Analyses

To account for differences in survey effort among spotlight surveys, we standardized our gecko relative abundances (herein referred to as ‘gecko abundance’) by dividing the total number of geckos observed by the total survey effort (cumulative time spent surveying) each night. To identify if gecko and predator abundances were correlated with moon illumination, we used Pearson’s correlations. In addition, we fit linear mixed-effects models (LME; Bates et al., 2015) with a Gaussian distribution, using gecko and predator abundance as response variables, moon illumination (%), sex, and predator group as fixed effects, and air temperature (°C) and site location as random factors in models to account for variation in temperature and site characteristics. Further, we calculated model fit values with pseudo R2 values (R2marginal = model fit for fixed effects; and R2conditional = model fit for fixed and random effects) for each model (Nakagawa and Schielzeth, 2013). Similarly, we fit linear mixed-effects models for our lab experiment to identify the influence of light treatment as a fixed effect on the emergence time (latency to emerge from shelter) of geckos from under the shelter tile. We used individual gecko IDs as a random factor to account for variation among individuals in our repeated-measures design. We conducted model selection using the dredge function in the package MuMIn (Barton, 2019) based on Akaike’s information criterion (AICc, corrected for small sample sizes). Models with the lowest AICc values had the greatest explanatory power, model fit, and model parsimony (Burnham and Anderson, 2004). Model averaging was used when no optimal model could be identified (i.e., there were multiple top models with ΔAICc < 2; Mazerolle, 2020). Final models were validated by examining deviance residual plots.

We compared the distribution of microhabitat use in relation to moon illumination to test if geckos used more complex microhabitats on the brightest nights. We examined two measures of tree complexity which would offer geckos more refugia. First, we used a measure of bark flakiness and used a Kolmogorov-Smirnov Tests (KS test; Arnold and Emerson, 2011) to compare the distribution of tree bark use with a series of paired KS tests (bark index 1 vs. 2; bark index 2 vs. 3; and bark index 1 vs. 3). We used Bonferroni adjusted p-values of 0.0167 for significance tests to account for multiple tests. Second, we used a measure of tree branching complexity as our response variable and used a linear regression model to test if geckos used more complex trees during brighter nights. All statistical analyses were performed in the program R (R Core Team, 2018). We inspected residual boxplots and determined if the assumptions of normality and homogeneity of variance were met. Means are presented as ± 1 SE.




RESULTS


Field Surveys

Over four survey periods, we conducted a total of 800 person-hours of spotlight surveys of arboreal geckos, resulting in 644 observations of Australian house geckos (Gehyra dubia), 8 northern velvet geckos (Oedura castelnaui), and 7 eastern spiny-tailed geckos (Strophurus williamsi). The abundances of O. castelnaui and S. willaimsi were too low to adequately assess their relationship with moon illumination; herein ‘gecko’ refers to Gehyra dubia, unless otherwise stated. Moon illumination was 0.0022 lux during new moon nights and 0.0230 lux during full moon nights (Table 1). Our linear mixed-effects model indicated that moon illumination was an important predictor of gecko abundance and was included in the top model (Table 2). More geckos were detected when moon illumination was brighter, as gecko abundance was significantly and positively related to moon illumination (Pearson’s correlation test: r = 0.52; t = 4.98, df = 66, p < 0.001; Figure 4).


TABLE 2. Top models for linear mixed-effects results examining the effect of (adjusted) moon illuminations on (adjusted) gecko abundance during field surveys, and the effect of light treatment and species on latency to emerge from a shelter tile. Bold P-values indicate statistical significance.
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FIGURE 4. Relationship between relative gecko abundance (proxy for gecko activity) and moon illumination. Regression line represents the best fit line (blue line) and 95% confidence interval band (gray band) from our LME model incorporating gecko abundance (standardized for search-effort) and moon illumination (adjusted for visibility during the survey).


We identified 24 nocturnal predators during spotlight surveys: 14 birds, 1 mammal, and 9 snakes (Supplementary Table 1). Mammal abundance was too low to analyze, but snake predator abundance was not correlated with moon illumination (Pearson’s correlation test: r = −0.38; t = −0.731, df = 3, p = 0.517) nor was bird predator abundance (Pearson’s correlation test: r = 0.08; t = 0.227, df = 8, p = 0.826). Similarly, our LME indicated that none of the variables we measured significantly influenced predator abundance, as the null model was the best predictor of predator abundance (Table 2).

We classified the bark flakiness of 181 different trees where geckos were located. Geckos preferred trees with flaky tree bark and complex branching systems, however they did not exploit tree bark with higher flakiness values (i.e., better shelter) during periods of high moon illumination (Kolmogorov-Smirnov tests: bark index 1 vs. 2: D = 0.069, p = 0.761; bark index 1 vs. 3: D = 0.124, p = 0.950; bark index 2 vs. 3: D = 0.069, p = 0.999). The selection of flaky tree bark was consistent across moon phases. In addition, geckos did not use more complex trees during bright nights (linear regression: F = 0.2311,193, p = 0.630, R2 = −0.004).



Lab Experiment: Emergence Test

In our lab set-up for the “full moon”, conditions were similar to the natural brightness of a full moon (lab “full moon” = 0.0091 ± 0.0004 lux; natural full moon = 0.0230 ± 0.0015 lux; Table 1). Similarly, our “new moon” conditions were similar to natural brightness levels of a new moon (lab “new moon” = 0.0007 ± 0.00006 lux; natural new moon = 0.0022 ± 0.0002 lux). Our top LME model indicated that light treatment and sex were important predictors of latency to emerge from the shelter (Table 2). The conditional R2 value in our model (0.39), which includes random effects (individual gecko ID), showed an important influence of individual behaviors. Geckos emerged significantly sooner from the shelter in the light treatment compared to the dark (Figure 5). We found no significant difference between sexes on latency to emerge from the shelter (Table 2).
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FIGURE 5. Mean (red points) ± SE (red lineranges) of emergence time for Australian house geckos (Gehyra dubia) in two light treatments. Black points represent the distribution of data. The dark treatment was completed at 0.0007 lux, representing the darkest nights (e.g., new moon conditions = 0.0022 lux). The light treatment was completed at 0.0091 lux and had low ambient light levels from a partially concealed light bulb in the corner of the testing room to represent the brightest nights (e.g., full moon conditions = 0.0230 lux).





DISCUSSION

Both predators and prey rely on light from the moon to facilitate prey capture (predators) and or predator avoidance (prey). We predicted that house geckos would show reduced activity on bright nights, possibly to reduce predation risk, and show higher activity during darker moon phases, when predation risk was lower. However, our field data indicated the opposite trend: geckos were more active (abundant) on bright nights. A gecko that remains hidden in a shelter (e.g., under tree bark) would not be detectable via eyeshine, whereas animals that are on the surface of bark would be detectable. Therefore, our measure of abundance was a proxy measure of the activity of geckos in the environment, i.e., indicating they were not sheltering. In the lab, we examined this in a slightly different way, by testing the effect of light on the emergence time of geckos; determining how environmental light conditions influenced sheltering behavior. Our lab results corroborated our field results, as geckos remained in shelter longer in dark conditions compared to low light.

Our data suggest that nocturnal geckos in our system did not follow the behavioral pattern predicted by the predation risk hypothesis, that geckos should be less active on bright nights to avoid detection by predators. A different species of nocturnal gecko (Teratoscincus scincus) showed increased pause duration while foraging under moonlit conditions, suggesting that these geckos were minimizing predation risk by limiting their movement under bright conditions (Seligmann et al., 2007). We did not investigate specific behavioral changes in geckos in this study, but it may be worth examining. In our study, predators were not more abundant on bright nights. However, it is important to note that predator abundance is not necessarily a perfect predictor of predation risk (Nordberg and Schwarzkopf, 2019b), and we did not specifically quantify predation directly. Rather, we simply inferred that predator activity and behavior would also be influenced by moon illumination, such that more predators would be active when the moon was brightest. An experiment quantifying the success rates of predators in relation to moon brightness would contribute valuable data in this regard. While we cannot dismiss it completely, there was little support, in our study, for the predation risk hypothesis.

Another way to interpret our results, which is in direct opposition to the predictions of the predation risk hypothesis, is that bright nights may actually encourage gecko activity because the light facilitates predator detection. Geckos are vulnerable to predation by predators with exceptional night vision, such as owls (Clarke, 1983), and activity on brighter nights may help offset this risk. On dark nights, the visual acuity of both birds and geckos presumably decreases, possibly lowering the risk of predation by birds, but also the detection of birds by geckos. Our experiments were not designed to measure the visual acuity hypothesis, but studies that specifically identify how moonlight enhance or hinder prey or predator detection would be extremely valuable. Further, we note that arboreal ambush predators, particularly pale-headed snakes (Hoplocephalus bitorquattus), were abundant at this site. Reptilian ambush predators likely do not require moonlight to detect prey. The use of chemosensory abilities and olfaction allows some snakes to forage effectively regardless of light levels (Bouskila, 1995). So, geckos should be able to detect and avoid foraging snakes better on bright nights when their surroundings are illuminated by the moon. Therefore, if geckos are active on dark nights, their risk of failing to detect an ambush foraging snake is likely greater.

Consistent with the predation risk hypothesis, in our laboratory experiment, we expected geckos to be fearful of predators, and therefore emerge from the shelters more slowly when it was brighter. Instead, geckos in our lab experiment took much longer to emerge from shelters when it was dark. We also note that our lab experiment showed substantial individual variation, suggesting that individual personality traits of boldness or exploratory activity are important drivers (Nordberg et al., 2021). If geckos were hesitant to emerge from shelters in the wild when it was darker, this would reduce our detection of geckos in the field, and, indeed, we did observe fewer geckos when it was dark. Geckos may choose to be active under brighter conditions, first, because they may have greater foraging success, and second, because it may increase their ability to detect predators, however, both these suggestions should be tested with targeted experiments.

If we view house geckos as predators, they may be responding to moonlight consistent with that role, whereby they are using high moon illumination to increase their own predation success on invertebrates. There are two ways bright moon illumination might increase predation success. First, geckos may see better when it is brighter, potentially allowing greater predation success (Roth and Kelber, 2004; Roth et al., 2009). In addition, invertebrates are likely to be more active on moonlit nights (Meyer et al., 2004; Lang et al., 2006), facilitating prey encounter and capture by geckos. Finally, both these theories may act in synergy to greatly increase predation success during bright moon conditions. Further work should examine gecko prey capture success at different light levels, to test this hypothesis.

Many studies have identified habitat-mediated responses to predation pressure (Kotler et al., 1991; Bouskila, 1995; Brown et al., 1999; Lima and Bednekoff, 1999). For example, scorpions experience higher predation risk, and therefore have to lower activity levels, under bright moon conditions (Skutelsky, 1996). To counter this, scorpions forage under shrubs and bushes on bright nights, to remain concealed from predators. Geckos preferred trees with flaky tree bark and complex branching systems (Nordberg and Schwarzkopf, 2019c), however, we did not find evidence to suggest that geckos shifted their habitat use, in terms of bark flakiness or tree complexity, in response to moon illumination. The distribution and proportion of tree bark flakiness used did not vary significantly in response to moon illumination. If geckos were changing their habitat use according to the habitat-mediated predation risk hypothesis, we expected to see an increase in the proportion of flaky bark used, i.e., more instances of bark indices of 2 or 3, as moon illumination increased from 0 – 100%. Rather, geckos used the same range of trees with low (poor refugia) to high flakiness (good refugia), regardless of moon phase. Similarly, geckos did not use more structurally complex trees, i.e., trees with more complex branching, on bright nights.

In addition to moonlight, artificial light at night (ALAN) is a source of light influencing wildlife (Longcore and Rich, 2004; Hölker et al., 2010; Gaston et al., 2015; Russart and Nelson, 2018). Wildlife are adapted to temporally cyclical patterns of light and dark, but artificial light has now illuminated the night skies. ALAN and associated light pollution have significant impacts on nocturnal wildlife, altering activity (Becker et al., 2013; Bird et al., 2018; Baxter-Gilbert et al., 2021), physiology (Bedrosian et al., 2011; Dominoni et al., 2013), and increasing mortality (Rodríguez et al., 2012). In addition, ALAN can alter community composition of invertebrates attracted to artificial lights (Davies et al., 2012), and associated predation patterns (Komine et al., 2020). However, as with many ecological disturbances, and consistent with the benefits of low light to nocturnal animals, disturbance-tolerant species and urban-adapters can take advantage of ALAN. Reptiles and amphibians can exploit ALAN to their benefit: urban-adapted geckos, including Gehyra dubia, show increased foraging activity around artificial lights on buildings (Zozaya et al., 2015; Martín et al., 2018). Our study suggests these geckos may prefer the light levels provided in some urban areas. It would be interesting to determine the point at which brightness from ALAN becomes too great, and begins to act as a deterrent for these species.

The effects of light at night, either from artificial sources or moonlight, influences the behavior and activity of many animals. The associations between light levels and increased or decreased activity are of interest to behavioral ecologists, but also can be useful for conservation and management. Understanding the activity times of target species may enable researchers to survey or set traps at critical time periods, e.g., specific moon phases, that produce the highest activity measures or capture rates. Conservation managers could use activity associated with moonlight to increase their trapping success, for example, in controlling invasive species (Brivio et al., 2017; Muller et al., 2018; Komine et al., 2020). The effects of moonlight on wildlife is often overlooked, or assumptions are made about its effects on activity. It is important to quantify the influence of light on mesopredators to determine the costs and benefits of activity at particular times.
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Gecko abundance is adjusted for search effort, moon illumination is adjusted for visibility, marginal (R?m) and conditional (R2.) fit values are presented.
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