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	All organisms acquire information about their surroundings through sensory systems that function to receive and process stimuli, which may be subsequently used to adjust to their surroundings. Information provided by stimuli may facilitate the maintenance of homeostasis, synchronization between timing and activities (e.g. breeding season) or locating threats or resources (e.g. food, mates and suitable habitats) or it may function to modify the behavior of the intended receiver as in communication between conspecifics or heterospecifics (Dusenbury 1992). Stimuli assume two forms: cues (i.e. some property associated with a particular condition of interest) and signals (i.e. a stimulus produced by one individual that is intended for another individual resulting in an average net benefit for both individuals) and may be transmitted and received using various modalities such as tactile (touch), visual (light), olfactory (chemical), and acoustic (sound) (Bradbury & Vehrencamp 2011).
	Hearing is the ability of animals to utilize sound to acquire information about their surrounding environment. Hearing has evolved in both invertebrates (Stumpner & von Helversen 2001) and vertebrates (Fay & Popper 2000) and is primarily used for perception, localization and discrimination of sounds (Dooling & Popper 2000). Sound may be used both as a means of communication or to enhance an organism’s ability to detect, locate and recognize potential mates, prey or threats (Wever 1978; Stumpner & von Helversen 2001). Although [non-avian] reptiles (Order: Squamata) have a highly sophisticated and sensitive auditory system (Wever 1978; Dooling et al. 2000), few studies have explored the role of hearing in relation to ecologically important interactions.  
	Squamates are traditionally classified into two different clades, Iguania and Scleroglossa (Pianka & Vitt 2003; although see Vidal & Hedges 2005, 2009). Iguanians, including agamas, chameleons and iguanids, are characterized by having a fleshy tongue, primarily utilized for feeding. In addition, iguanians utilize a sit and wait foraging mode where they ambush their prey, therefore they rely heavily on visual cues to detect and discriminate prey. In contrast, scleroglossans, including geckos, skinks, monitors and many others, are mostly active foragers that typically use their powerful jaws for subduing prey and feeding, releasing their hard (keratinized) tongues for chemoreception. Iguanians and scleroglossans exhibit remarkable behavioral and ecological differences, which may have been driven by the acquisition of chemosensory abilities in scleroglossans (Pianka & Vitt 2003; Vidal & Hedges 2005, 2009). 
Anoles (Iguanidae, Polychrotinae, Anolis, although see Nicholson et al. 2012) are small to medium iguanid lizards (33-191 mm SVL) that vary in size and color. Anoles are distinguished by their dewlap, a throat extension, which is used in territorial and courtship displays. In addition, these lizards exhibit color vision and exceptional eyesight and are therefore highly visually oriented (Losos 2009). Most behavioral studies to date that have been conducted on anoles have focused on these visual aspects and few studies have investigated the role of hearing in ecological settings.
There is a need for behavioral data related to the role of hearing in lizards. Behavioral studies will help provide the needed information to accompany the wealth of physiological data related to the structure of the ear so that we may fully understand the evolution and selective advantage of the reptile auditory system (Dooling et al. 2000). My research is designed to address the role of hearing from a behavioral perspective using the brown anole (Anolis sagrei; Polychrotinae).
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Study species
	Anolis sagrei, is native to Cuba and the Bahamas, and was introduced into the southeastern United States around the 1940’s (Oliver 1950; Bell 1953). Male Anolis are diurnal, social animals that use conspicuous displays during courtship and territorial defense (Jenssen 1977; Greenberg 1977), which may increase their risk of predation by avian predators (Costantini et al. 2007). While most anoles are non-vocal and typically thought of as being visually oriented (Losos 2009), they have well-developed auditory systems with enhanced directionality (Christensen-Dalsgaard & Manley 2005, 2008). Anoles have wide hearing sensitivity ranging from 1 – 7 kHz (Brittan-Powell et al. 2010), which overlaps the range of frequency (1 – 5 kHz) used by most birds to communicate (Dooling et al. 2000). 
Auditory Stimuli
	We used a call from the American kestrel (Falco sparverius) for the predator stimulus because its geographic range overlaps that of the brown anole in both their native habitat and Florida where they are known to feed on anoles (Cruz 1976; Giery 2013, respectively). We used a song from the northern cardinal for the non-predator stimulus, as its diet consists mostly of seeds and fruit, and they are commonly found at the location where the study was conducted. Additionally, we chose these two species because we were interested in validating the findings of a controlled laboratory experiment that suggests that brown anoles increase vigilance in response to kestrel calls (Cantwell & Forrest 2013). We obtained calls from the Cornell Laboratory of Ornithology’s, Macaulay Library of Animal Sounds and generated a control (white noise) stimulus using Adobe Audition 3.0 (Adobe Systems Inc., San Jose, CA, USA). 
	Audio clips were 20 s in duration and normalized to 95% RMS peak amplitude using WavePad Sound Editor software v 4.59 (NCH Software Inc., Greenwood Village, CO, USA). Playback stimuli were broadcast through a Saul Mineroff SME-AFS field speaker (Elmont, NY, USA; 5 watts RMS; 100-12,000 Hz) positioned on an adjustable light stand, which was connected to a MacBook Pro (Apple Inc., Cupertino, CA, USA). The speaker was placed at a horizontal distance of ~ 5-6 m from the focal subject. Speaker height was adjusted for the perch height of the lizard such that a lizard less than ~ 1.3 m off the ground was tested at a speaker height of 1.52 m, a lizard between ~ 1.3 and 2.4 m off the ground was tested at a speaker height of 2.44 m and lizards that were perched higher than ~ 2.4 m were tested at a speaker height of 3.35 m. Stimuli were played at 90 dB, measured at 1 m using a Galaxy Audio Checkmate SPL meter (model# CM-140; time weighting: fast; frequency weighting: A; ± 1.5 dB).
Experimental Design
	We conducted playback experiments in St. Johns County, FL, USA (29° 53' N / 81° 18' W) during June and July of 2011 on 96 adult male brown anoles and during June and July of 2012 on 27 adult female brown anoles. We used a repeated measures, balanced, block design where we randomly assigned 16 male anoles to one of six sequences of three stimuli (predator-control-non-predator; predator-non-predator-control; non-predator-predator-control; non-predator-control-predator; control-predator-non-predator; control-non-predator-predator) and nine female anoles were randomly assigned to one of three sequences of stimuli (predator-control-non-predator; control-non-predator-predator; non-predator-predator-control). Each stimulus was separated by one minute of silence. We recorded lizards with a Sony Handycam digital camcorder (Sony Electronics, Inc., San Diego, CA, USA; model# DCR-DVD610) that was placed ~ 5 m from focal subject. Playback experiments were conducted between 0900 and 1500 hrs when anoles are most active.
	We visually located anoles and allowed them to acclimate to our presence for five minutes prior to beginning a playback experiment. We recorded lizards for two minutes before and after a playback sequence during which time we stood motionless to avoid disturbing the lizards. To prevent habituation to stimuli, lizards that were tested on the same day were separated by at least 50 m and different lizards in similar localities were tested every third day. Lizards were caught post-playback and measured for snout-vent length (SVL; mm), tail length (TL; mm), and weight (W; g). If we were unable to capture a lizard after testing, we tied pink flagging tape around a branch on the tree and that tree was not tested again in order to prevent testing the same animal twice. After completion of each trial we recorded sex, ambient temperature at 1 m from the ground (AT; C), perch temperature at 1 cm from the perch (PT; C), minimum and maximum wind speed (WS; m/s), and perch height (PH; m).
Behavioral Observations
	Videos were scored for three categories of behavior (courtship/territorial behavior, antipredator behavior, and locomotion; Table I-1). All tables and figures are located in Appendix I. Behavior of each lizard was quantified for 1) two sequential one-minute periods prior to the playback sequence, 2) the 20-second period prior to the start of a playback sequence, 3) each of the 20-second stimuli, 4) the two one-minute silence periods during a playback sequence, and 5) two sequential one-minute periods post playback. We recorded 1) the lizards’ first response elicited by a stimulus (hereafter referred to as ‘antipredator behavior’), 2) time to respond to the stimulus (hereafter referred to as ‘latency to respond’), 3) whether the response was in the direction of the speaker, 4) total number of antipredator responses for each period of time (hereafter referred to as ‘total vigilance’), and 5) total duration and bout duration of courtship/territorial behaviors for each time period. Three observers, two of whom were blind to the stimuli, scored videos using JWatcher v 1.0 video (Blumstein & Daniel 2007; http://www.jwatcher.ucla.edu/) to minimize observer bias. Inter-observer reliability scores were calculated using Cohen’s kappa (k); all scores were ‘good’ (0.6<k0.75) or ‘excellent’ (k0.75) with an average ‘excellent’ score across all observers (k = 0.857; Kaufman & Rosenthal 2009). 
Data Analysis
	Although we conducted 123 total trials on 96 males and 27 females, we excluded any trials, or portion of a trial, during which we were unable to observe a lizard’s behavior for longer than 20 seconds from the data analysis (see Results for sample sizes). All statistical analyses were conducted with R version 3.1.2 (R Core Team 2014). We used an information-theoretic (IT) approach to model selection and multimodel inference (Burnham et al. 2011) to assess the immediate and short-term effects of playback type (control, non-predator, and predator) on anole behavior. To account for non-independence of lizards’ responses due to testing with multiple stimuli, we fit generalized linear mixed models (GLMM), with a random intercept for each individual, using the adaptive Gauss-Hermite quadrature approximation (Bolker et al. 2009). We used the ‘lme4’ package (Bates et al. 2014) to run all GLMM’s. We used q-q plots to assess the fit of the residual error of each global model for normality. 
	During exploratory analysis, we found sex by playback type interactions for antipredator behavior, latency to respond, and total vigilance both during playback and for the one-minute period following playback. In addition, we found strong or moderate correlations between SVL and weight (r = 0.916), SVL and tail length (r = 0.527), and ambient temperature and perch temperature (r = 0.618). Male and female brown anoles are sexually dimorphic (Tokarz 1985) with males being larger than females; therefore, we used ‘sex’ rather than SVL, weight, and tail length, for all global models. We also found an interaction between playback sequence order and playback type, when investigating the effect of playback type on courtship/territorial behavior. Moreover, courtship/territorial displays (dewlap, head bob, and push up; Table I-1) are not always independent of one another or mutually exclusive (Jenssen 1977). We found that dewlap duration and push-up/head bob duration were moderately correlated (r = 0.517), therefore, we only investigated the effect of playback type on total dewlap duration for the one-minute period following stimulus playback. It is important to note that we only included male lizards that displayed during at least one of the time periods (before, during, or after playback); if a lizard never displayed, it was not included in the analysis.
	In addition to the main effects (playback type, sex, and playback sequence order) and interaction terms (playback type by sex and playback type by playback sequence order), we also included perch temperature, average wind speed, and perch height as fixed factors, and individual as the random factor in all global models. Because brown anoles are ectothermic, environmental temperature could affect how or if a lizard responds to stimuli. We used perch temperature rather than ambient temperature because it should be a better predictor of the lizards’ body temperature (Huey & Webster 1976). Average wind speed could potentially affect sound propagation by increasing or decreasing the amplitude of the playback stimuli (Ingård 1953; Bradbury & Vehrencamp 2011). Similarly, perch height might also affect lizard response due to differences in playback amplitude resulting from the distance between the lizard and the sound source or because of interference with sound waves (e.g. refraction of sound waves from the ground or canopy cover) (Marten & Marler 1977; Bradbury & Vehrencamp 2011). We included playback sequence order due to the possibility of lizards habituating to the stimuli since stimuli were played at one-minute intervals (Thompson & Spencer 1966). 
	To assess immediate effects of playback type on lizard behavior we investigated the likelihood of lizards responding with antipredator behavior to each of the three stimuli. We classified their first response to the stimuli as either no antipredator behavior (lizards did not respond to the playback or responded with courtship/territorial behavior) or antipredator behavior, and used a GLMM with binomially distributed errors. Next, we fit a GLMM using gamma errors (link = log) to evaluate the effect of playback type on latency to respond to each stimulus and a GLMM with Poisson distributed errors to compare total vigilance (the number of antipredator responses) between playback stimuli and to the 20-second period prior to the start of a playback sequence, which we considered to be “normal” behavior. To assess the short-term effects of playback type on lizard behavior we compared total vigilance for the one-minute period after hearing each stimulus to the one-minute period prior to the start of a playback sequence for which we also used a GLMM with Poisson distributed errors. Last, we fit a GLMM with gamma errors (link = log) to compare the duration of dewlap displays for the one-minute period following stimulus playback. 
	We based model selection on Akaike’s Information Criterion corrected for small sample size (AICc) except for when we detected overdispersion in the global model, in which case we estimated the variance inflation factor, ĉ, using the ‘c_hat’ function in the AICcmodavg package (Mazerolle 2015) and used quasi-AICc (QAICc) for model selection (Mazerolle 2006; Richards 2008). We fit all possible models for each analysis using the ‘dredge’ function in the package MuMIn (Bartoń 2014). The traditional rule has been that models with Δi > 2 are of little value for inference, however Anderson (2008) suggests that important information can be found in models with Δi between 2 and 4; therefore, we considered all models with Δi  4 relative to the best-fitting model as equivalent in explaining the variation in the response variable (Burnham et al. 2011). Next, we used various functions in the AICcmodavg package (Mazerolle 2015) to calculate the Akaike weights (wi), evidence ratios (ER) and the model-averaged parameter estimates, unconditional standard errors, and unconditional 95% confidence intervals for all candidate models. We used the multcomp (Hothorn et al. 2008) and lsmeans (Lenth and HervÃ 2015) packages to conduct pairwise comparisons when multi-level predictor variables were significant. All pairwise comparisons were run from the ‘best’ model from the candidate set of models for all analyses. Confidence intervals were adjusted for multiple comparisons using the Tukey method and effects were considered significant if they did not contain zero.
[bookmark: _Toc289810133]Results
Overall Summary
	Male lizards were 56.1  0.5 mm (mean  SE; range 49 – 62) SVL and weighed 5.88  0.1 g (range 3.8 – 7.5), with an average perch height of 1.45  0.3 m (range 0 – 3.96). SVL of female lizards was 42.2  0.4 mm (range 41 – 44) and they weighed 2.25  0.1 g (range 1.8 – 2.7) with an average perch height of 0.856  0.08 m (range 0 – 2.65). The average ambient temperature during testing was 31.2  0.09 C (range 26 – 34.6) and the average wind speed was 1.04  0.04 m/s (range 0 – 3.3). Perch temperatures averaged 31.7  0.09 C (range 26.8 – 35.6).
	The most common antipredator behavior observed in both male and female lizards was ‘head movement’ and the least common antipredator behavior was ‘escape’ (Table I-1). Seven males and one female ‘escaped’ during playback of the predator stimulus, while only one male lizard ‘escaped’ during the control stimulus and two male lizards ‘escaped’ during the non-predator stimulus. In addition, nine lizards ‘displayed’ during the control stimulus, seven ‘displayed’ during the non-predator stimulus and five ‘displayed’ during the predator stimulus. 
	Speaker position relative to the lizard was recorded for 301 observations (231 males, 70 females), however we were unable to ascertain the direction in which a lizard responded for 97 observations because lizards either did not respond (47 males, 11 females) to the stimulus or responded with a non-directional response (e.g. raised or lowered head, crouched, raised body, etc.; 26 males, 13 females). Conversely, of the 204 observations (158 males, 46 females) that we could ascertain the direction a lizard responded, ~ 67% of males and ~ 52% of females responded in the direction of the speaker compared to those that did not. 
Immediate Effects
	Antipredator behavior
	In total, 96 lizards (88.9%; N = 108; 75 males, 21 females) responded to the predator stimulus, 86 lizards (82.7%; N = 104; 66 males, 21 females) responded to the non-predator stimulus and 70 lizards (67.3%; N = 104; 53 males, 17 females) responded to the control stimulus. The most common first response elicited by all stimuli was ‘head movement’. In contrast, only two male lizards initially reacted with ‘escape’, both in response to the predator stimulus. Similarly, only two male lizards exhibited ‘squirrel’, one in response to the non-predator stimulus and one in response to the predator stimulus. 
	We identified 15 candidate models that best explained whether or not lizards responded with antipredator behavior to each of the stimuli. Stimulus type and playback order (PO) were present in all candidate models, while wind speed (WS) was included in eight models, sex was included in seven models, perch height (PH) and perch temperature (PT) were in six models, and the stimulus by sex interaction was in one model. The “best” model had a probability (wi) of 0.17 of and included stimulus type, PO and WS as predictors of response (Table I-2). 
	We found that lizards were significantly more likely to respond with antipredator behavior to both the predator (95% CI 0.71 - 2.53) and non-predator (95% CI 0.29 - 1.98) stimuli compared to the control stimulus (Table I-3); however, lizards were equally likely to respond with antipredator behavior to the non-predator stimulus as they were to the predator stimulus (95% CI -0.370 – 1.388; Table I-4). In contrast, lizards were significantly less likely to respond with antipredator behavior to the last stimulus played (third) relative to when it was played first (95% CI -1.94 – -0.32; Table I-3). There was a marginally non-significant difference in response between the second and third playback positions (95% CI -0.0038 – 1.556; Table I-4). Perch temperature (95% CI -0.18 – 0.33), perch height (95% CI -1.0 – 0.37), wind speed (95% CI -1.02 – 0.09), sex (95% CI -1.54 – 0.61) and the stimulus by sex interaction (95% CI predator:male: -1.04 – 2.89, non-predator:male: -2.63 – 1.59) had little to no effect on whether or not lizards responded with antipredator behavior to the three stimuli (Table I-3). 
	Latency to respond
	Lizards that never responded to a stimulus were assigned a latency to respond of 20 s. On average, lizards took 11.3  0.774 s (mean  SE; N = 104; range 0.099 - 20) to respond to the control stimulus, 7.10  0.739 s (N = 104; range 0.132 – 20) to respond to the non-predator stimulus, and 5.94  0.657 s (N = 108; range 0.040 – 20) to respond to the predator stimulus (Fig. I-1). 
	We identified 11 candidate models with stimulus type and WS present in all candidate models; sex was present in five models, PH and PO were present in four models, PT was present in three models, and the stimulus type by sex interaction was present in only one model. The “best” model found to explain the variation in lizard response times to the different stimuli included stimulus type, WS and PH as predictors of response time and had a probability (wi) of 0.22 (Table I-2). 
	We found that lizards responded significantly faster to both the predator (95% CI -1.12 – -0.47) and non-predator (95% CI -0.89 – -0.24; Table I-3) stimuli compared to the control stimulus but there was no difference in lizard response times between the predator and non-predator stimuli (95% CI -0.505 – 0.069; Table I-4). Additionally, we found that lizards that experienced higher wind speeds during testing took a significantly longer time to respond to a stimulus (95% CI 0.06 – 0.46; Table I-3). Perch temperature (95% CI -0.08 – 0.11), perch height (95% CI -0.42 – 0.07), sex (95% CI -0.48 – 0.29), playback order (95% CI second = -0.15 – 0.42 and third = -0.07 – 0.51), and the stimulus type by sex interaction (95% CI predator:male -0.46 – 0.91, non-predator:male  -0.99 – 0.39) had no significant effect on response time (Table I-3).  
	Total vigilance prior to and during stimulus playbacks
	On average, female lizards exhibited 2.04  0.252 (mean  SE; N = 24; range 1 - 5) antipredator (AP) responses during the 20 s period prior to the start of playbacks. The control stimulus elicited 1.52  0.355 (N = 23; range 0 - 7) AP responses, the non-predator stimulus elicited 2.48  0.421 (N = 23; range 0 - 7) AP responses, and the predator stimulus elicited 2.58  0.366 (N = 24; range 0 - 6) AP responses in female lizards (Fig. I-2). Male lizards produced 1.02  0.138 (mean  SE; N = 84; range 0 – 6) AP responses during the 20 s period prior to the start of playbacks. During playback of the control stimulus, male lizards produced 1.16  0.132 (N = 80; range 0 – 5) AP responses. The non-predator stimulus elicited 2.08  0.166 (N = 80; range 0 – 6) AP responses and the predator stimulus elicited 2.86  0.247 (N = 80; range 0 – 10) AP responses in male lizards (Fig. I-2). 
	We identified four candidate models that best explained total vigilance during stimulus playback. All models contained context (20 s before and during stimuli playback), sex, the interaction between context and sex, WS, and PO; both PT and PH were present in two models. The “best” model included context, sex, the interaction between context and sex, WS, and PO as predictors of the number of AP responses during stimulus playback and had a probability (wi) of 0.51 (Table I-2). 
	We found that male lizards exhibited significantly more AP responses to predator (95% CI -1.33 – -0.695) and non-predator stimuli (95% CI -1.04 – -0.357) compared to the 20 s period prior to the start of a playback sequence (Before; Table I-3). In addition, male lizards exhibited significantly more AP responses during playback of the predator stimulus compared to the non-predator stimulus (95% CI -0.584 – -0.060) and the control stimulus (95% CI -1.22 – -0.585), as well as to the non-predator stimulus relative to the control (95% CI -0.912 – -0.247; Table I-4). Conversely, male responses to the control stimulus did not differ from before (95% CI -0.504 – 0.266; Table I-4) stimulus playback. Similarly, female AP responses to all stimuli were not different from before, nor did their responses differ between stimuli (see Table I-4 for 95% CI for all comparisons). We also found that higher WS had a significant negative effect on responses (95% CI -0.37 – -0.06) and that responses decreased when a stimulus was played second (95% CI -0.48 – -0.1) or third (95% CI -0.64 – -0.25) compared to when they were played first (Table I-3). However, AP responses did not differ between the second and third playback position (95% CI -0.047 – 0.362). PT (95% CI -0.04 – 0.09) and PH (95% CI -0.14 – 0.23) did not have a significant effect on AP responses.
Short-term Effects
	One-minute post-playback total vigilance 
	Females produced 5.45  0.545 (mean  SE; N = 23; range 1 – 10) AP responses during the one-minute period prior to playbacks (Before), 5.95  0.564 (N = 22; range 0 – 10) responses after hearing the control, 5.65  0.705 (N = 23; range 0 – 13) responses after hearing the non-predator stimulus, and 4.39  0.631 (N = 23; range 1 – 13) responses after hearing the predator stimulus (Fig. I-3). Alternatively, during the one-minute period prior to playbacks, males exhibited 3.07  0.271 (mean  SE; N = 83; range 0 – 10) AP responses. On average, after hearing the control stimulus, male lizards produced 3.35  0.305 (N = 79; range 0 – 11) responses, and after hearing the non-predator and predator stimuli produced 3.6  0.263 (N = 78; range 0 – 10) and 4.47  0.391 (N = 79; range 0 – 18) AP responses, respectively (Fig. I-3). 
	We found 3 candidate models to best explain the difference in the number of responses after hearing the various stimuli. The “best” model, which had a probability (wi) of 0.58, contained context, sex, the context by sex interaction, and WS, which were also present in all three models. PT and PH were each present in one model (Table I-2). 
	Male lizards exhibited significantly more AP responses after hearing the predator stimulus compared to before (95% CI -0.575 – -0.152), after hearing the control stimulus (95% CI -0.496 – -0.0779) and after hearing the non-predator stimulus (95% CI -0.422 – -0.0107; Table I-4). Male responses after hearing the control (95% CI -0.302  – 0.149) and the non-predator (95% CI -0.37 – 0.076) stimuli did not differ from before or after hearing the non-predator stimulus (95% CI -0.291 – 0.15; Table I-4). On the other hand, female responses to stimuli did not differ from before or across stimuli (see Table I-4 for 95% CI for all comparisons). Additionally, higher WS decreased the number of AP responses (95% CI -0.65 – -0.11) and PT (95% CI -0.06 – 0.04) and PH (95% CI -0.15 – 0.15) were found to have no significant effect on responses (Table I-3). 
	One-minute post-playback dewlap duration
	Thirty-seven lizards dewlapped before, during or after stimulus playbacks, however, one of these lizards was not included in post-predator treatment due to ‘escape’ during the predator playback. Of these 37 lizards, 26 dewlapped for 10.8  1.75 s (mean  SE; range 0 – 43.8) during the one-minute period prior to hearing a playback sequence. Eight lizards dewlapped for 7.4  2.5 s (N = 15; range 0 – 32.4) after hearing the control stimulus first, three lizards dewlapped for 2.2  1.5 s (N = 10; range 0 – 14.2) after hearing it second, and one lizard dewlapped for 1.1  1.1 s (N = 12; range 0 – 12.8) after hearing it third (Fig. I-4). After hearing the non-predator playback first, three lizards dewlapped for 3.3  1.7 s (N = 11; range 0 – 14.1), three lizards dewlapped for 3.0  1.8 s (N = 14; range 0 – 19) after hearing it second, and one lizard dewlapped for 1.7  1.7 s (N = 12; range 0 – 19.8) after hearing it third (Fig. 4). One lizard dewlapped for 0.39  0.39 s (N = 11; range 0 – 4.3) after hearing the predator playback first, one lizard dewlapped for 1.4  1.4 s (N = 13; range 0 – 17.7) after hearing it second, and two lizards dewlapped for 1.7  1.3 s (N = 12; range 0 14.8) after hearing it third (Fig. I-4). 
	We identified 11 candidate models that best explained the variation in dewlap duration after stimulus playbacks. The “best” model had a probability (wi) of 0.17 and included the stimulus context (post -predator, -non-predator, and -control), PO, and the interaction between these two main effects. Context and PO were found in all models, while the interaction was found in seven models, WS in five models, PT in seven, and PH in six (Table I-2).
	We found a significant negative effect of the post-predator (95% CI: -2.5 – -0.18) context and order (95% CI second: -2.29 – -0.09; third: -2.24 – -0.27) on dewlap duration (Table 3). Male lizards significantly reduced their time dewlapping after hearing the predator (95% CI: 0.696 – 2.56) and non-predator (95% CI: 0.123 – 1.99) playbacks compared to the control when lizards heard these stimuli first (Table I-4). There was no difference in dewlap duration across stimulus contexts for the second and third positions (see Table I-4 for 95% CI for comparisons). In addition, PT (95% CI: -0.47 – 0.03), PH (95% CI: -0.98 – 0.30), and WS (95% CI: -0.97 – 0.04) had no significant effect on dewlap duration (Table I-3). 
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[bookmark: _Table_I.1._Ethogram][bookmark: _Table_I.1._Ethogram_1][bookmark: _Ref293752389][bookmark: _Toc293756690]Table I‑1. Ethogram of behaviors observed in male and female brown anoles.
	Category
	Behavior
	Description

	Antipredator

	
	Head movement
	Any movement of the head in which it is turned along a horizontal plane to look to the left or right or at angle along a vertical plane in which it appears to be looking toward the sky, either to the left or right; lizard may also raise its head away from the branch or trunk or lower the head to be closer to the branch or trunk upon which it is perched

	
	Body shift
	Any movement of the body in which a lizard takes approximately 1 - 3 steps to move to higher or lower location on the branch or trunk, or moves to the left or right; lizard remains in sight and in relatively same location 

	
	Crouch
	Flexion of front two legs or all four legs resulting in body and head being closer to branch or trunk on which it is perched

	
	Raise body
	Extension of front two legs or all four legs resulting in body and head being raised away from branch or trunk on which it is perched

	
	Squirrel*
	Abrupt lateral movement around perch during stimulus playback, effectively moving out of line-of-sight 

	
	Escape*
	Rapid movement away from location during stimulus playback; may move to an area of cover where it can't be seen

	Locomotion

	
	Site change*
	Any movement of animal in habitat; lizard is no longer positioned at original place of sighting 

	Courtship/Territorial 
Displays

	




	Dewlap*
	Extension of gular flap produced by the erection of the retrobasal process of the hyoid apparatus upon the fulcrum of the basi-hyal component; often coordinated with head-bob and push-up

	
	Head-bob*
	Vertical movements of the head; often coordinated with dewlap and push-up

	
	Push-up*


	Raising and lowering of the forebody by rhythmic flexion and extension of the forelimbs; often coordinated with dewlap and head-bob


*modified from Greenberg 1977
[bookmark: _Ref293753058][bookmark: _Toc293756691]Table I‑2. Top ranked models within four ΔAIC of the "best" model for each analysis, where K = # of parameters, wi = Akaike weight (probability that a model is the "best" model in the candidate set), and ER = evidence ratio (the odds ratio in favor of the "best” model over another). PO = playback order, WS = average wind speed (m/s), PH = perch height, and PT = perch temperature.
	Analysis
	Model
	K
	AICc
	ΔAICc
	wi
	ER

	First Response
	

	
	Stimulus + PO + WS
	7
	295.67
	0
	0.17
	

	
	Stimulus + PO
	6
	296.3
	0.63
	0.13
	1.37

	
	Stimulus + PO +WS + PH
	8
	296.82
	1.15
	0.1
	1.78

	
	Stimulus + PO + WS + Sex
	8
	296.85
	1.19
	0.1
	1.81

	
	Stimulus + PO + WS + ST
	8
	297.33
	1.66
	0.08
	2.3

	
	Stimulus + PO + PH
	7
	297.41
	1.75
	0.07
	2.39

	
	Stimulus + PO + Sex
	7
	297.48
	1.81
	0.07
	2.47

	
	Stimulus + PO + PT
	7
	298.08
	2.41
	0.05
	3.33

	
	Stimulus + PO + WS + PH + Sex
	9
	298.5
	2.83
	0.04
	4.13

	
	Stimulus + PO + WS + PH +ST 
	9
	298.56
	2.89
	0.04
	4.24

	
	Stimulus + PO + WS + PT + Sex
	9
	298.64
	2.97
	0.04
	4.42

	
	Stimulus + PO + PH + Sex
	8
	299.1
	3.44
	0.03
	5.57

	
	Stimulus + PO + PH + PT 
	8
	299.25
	3.58
	0.03
	5.98

	
	Stimulus + PO + PT + Sex
	8
	299.35
	3.69
	0.03
	6.31

	
	Stimulus + PO + WS + Sex + Stimulus:Sex
	10
	299.5
	3.83
	0.03
	6.79

	Latency to Respond
	

	
	Stimulus + WS + PH
	7
	525.26
	0
	0.22
	

	
	Stimulus + WS 
	6
	525.37
	0.12
	0.21
	1.06

	
	Stimulus + WS + Sex
	7
	526.89
	1.64
	0.1
	2.27

	
	Stimulus + WS + PO
	8
	527.19
	1.93
	0.08
	2.63

	
	Stimulus + WS + PO + PH
	9
	527.2
	1.95
	0.08
	2.65

	
	Stimulus + WS + PT + PH
	8
	527.27
	2.02
	0.08
	2.74

	
	Stimulus + WS + PH + Sex
	8
	527.35
	2.09
	0.08
	2.84

	
	Stimulus + WS + PT + Sex 
	8
	528.88
	3.62
	0.04
	6.12

	
	Stimulus + WS + Sex + Stimulus:Sex
	9
	528.9
	3.64
	0.04
	6.18

	
	Stimulus + WS + Sex + PO
	9
	528.9
	3.65
	0.04
	6.2

	
	Stimulus + WS + PO + PT
	9
	529.22
	3.97
	0.03
	7.27

	Before and during comparison 20 sec
	

	
	Context + Sex + Context:Sex + WS + PO
	10
	420.7
	0
	0.51
	

	
	Context + Sex + Context:Sex + WS + PO + PT  
	11
	422.35
	1.64
	0.22
	2.27

	
	Context + Sex + Context:Sex + WS + PO + PH 
	11
	422.71
	2.01
	0.19
	2.73

	
	Context + Sex + Context:Sex + WS + PO + PT + PH 
	12
	424.36
	3.66
	0.08
	6.24




	One minute before and after***QAICc
	

	One minute dewlap duration post stimulus playback
	Context + Sex + Context:Sex + WS 
	10
	635.83
	0
	0.58
	

	
	Context + Sex + Context:Sex + WS + PT 
	11
	637.88
	2.04
	0.21
	2.73

	
	Context + Sex + Context:Sex + WS + PH
	11
	638
	2.12
	0.2
	2.87

	
	
	
	
	
	
	



	
	Context + PO + Context:PO 
	11
	358.96
	0
	0.17
	

	
	Context + PO + Context:PO + WS
	12
	359.19
	0.23
	0.15
	1.12

	
	Context + PO + Context:PO + PT
	12
	359.29
	0.33
	0.14
	1.18

	
	Context + PO + PT + WS
	9
	360.13
	1.16
	0.09
	1.79

	
	Context + PO + Context:PO + PT + WS + PH
	14
	360.21
	1.24
	0.09
	1.86

	
	Context + PO + PT
	8
	360.45
	1.48
	0.08
	2.10

	
	Context + PO + Context:PO +  WS + PH
	13
	360.59
	1.63
	0.07
	2.26

	
	Context + PO + Context:PO + PH
	12
	360.72
	1.75
	0.07
	2.40

	
	Context + PO + PT + WS + PH
	10
	361.27
	2.30
	0.05
	3.16

	
	Context + PO + Context:PO +  PT + PH
	13
	361.37
	2.41
	0.05
	3.33

	
	Context + PO + PT + PH
	9
	361.93
	2.97
	0.04
	4.41































[bookmark: _Toc293755561][bookmark: _Ref293755570][bookmark: _Ref293755612][bookmark: _Toc293756692]Table I‑3. Model averaged parameter estimates from the candidate model set for each analysis. Effects that are significantly different from 0, based on 95% CIs are shown in bold.
	
Analysis
	Variable
	Parameter estimate
	SE
	95% CI

	First response
	
	
	
	

	
	Intercept
	1.37
	2.5
	-3.53 – 6.26

	
	Perch temperature
	0.08
	0.13
	-0.18 – 0.33

	
	Perch height
	-0.31
	0.35
	-1.0 – 0.37

	
	Average wind speed
	-0.47
	0.28
	-1.02 – 0.09

	
	Stimulus Type
	
	
	

	
	     Predator
	1.62
	0.47
	0.71 - 2.53

	
	     Non-predator
	1.14
	0.43
	0.29 - 1.98

	
	Sex
	
	
	

	
	     Male
	-0.47
	0.55
	-1.54 – 0.61

	
	Stimulus Type:Sex
	
	
	

	
	     Predator:Male
	0.92
	1
	-1.04 – 2.89

	
	     Non-Predator:Male
	-0.52
	1.08
	-2.63 – 1.59

	
	Order
	
	
	

	
	     Second
	-0.34
	0.43
	-1.19 – 0.5

	
	     Third
	-1.13
	0.41
	-1.94 – -0.32

	Latency to respond
	
	
	
	

	
	Intercept
	2.18
	0.65
	0.91 – 3.45

	
	Perch temperature
	0.01
	0.05
	-0.08 – 0.11

	
	Perch height
	-0.18
	0.12
	-0.42 – 0.07

	
	Average wind speed
	0.26
	0.1
	0.06 – 0.46

	
	Stimulus Type
	
	
	

	
	     Predator
	-0.79
	0.17
	-1.12 – -0.47

	
	     Non-predator
	-0.57
	0.17
	-0.89 – -0.24

	
	Sex
	
	
	

	
	     Male
	-0.09
	0.2
	-0.48 – 0.29

	
	Stimulus Type:Sex
	
	
	

	
	     Predator:Male
	0.23
	0.35
	-0.46 – 0.91

	
	     Non-Predator:Male
	-0.3
	0.35
	-0.99 – 0.39

	
	Order
	
	
	

	
	     Second
	0.14
	0.15
	-0.15 – 0.42

	
	     Third
	0.22
	0.15
	-0.07 – 0.51

	Before and during comparison 20 sec
	
	
	
	

	
	Intercept
	0.6
	0.73
	-0.82 – 2.02

	
	Perch temperature
	0.02
	0.03
	-0.04 – 0.09

	
	Perch height
	0.04
	0.09
	-0.14 – 0.23

	
	Average wind speed
	-0.21
	0.08
	-0.37 – -0.06

	
	Context
	
	
	

	
	     Predator
	0.24
	0.19
	-0.14 – 0.61

	
	     Non-predator
	0.2
	0.2
	-0.19 – 0.58

	
	     Control
	-0.29
	0.22
	-0.73 – 0.14

	
	Sex
	
	
	

	
	     Male
	-0.71
	0.21
	-1.12 – -0.31

	
	Context:Sex
	
	
	

	
	     Predator:Male
	0.78
	0.23
	0.33 – 1.23

	
	     Non-Predator:Male
	0.5
	0.24
	0.04 – 0.97

	
	     Control:male
	0.41
	0.27
	-0.11 – 0.94

	
	Order
	
	
	

	
	     Second
	-0.29
	0.1
	-0.48 – -0.1

	
	     Third
	-0.45
	0.1
	-0.64 – -0.25

	One minute before and after***QAICc
	
	
	
	

	
	Intercept
	1.94
	0.473
	1.01 – 2.79

	
	Perch temperature
	-0.01
	0.033
	-0.06 – 0.04

	
	Perch height
	0
	0.088
	-0.15 – 0.15

	
	Average wind speed
	-0.23
	0.066
	-0.65 – -0.11

	
	Context
	
	
	

	
	     Post-predator
	-0.22
	0.143
	-0.48 – 0.04

	
	     Non-predator
	0.04
	0.132
	-0.2 – 0.28

	
	     Control
	0.08
	0.132
	-0.17 – 0.32

	
	Sex
	
	
	

	
	     Male
	-0.6
	0.153
	-0.87 – -0.33

	
	Context:Sex
	
	
	

	
	     Post-Predator:Male
	0.58
	0.176
	0.28 – 0.89

	
	     Post-Non-predator:Male
	0.11
	0.165
	-0.19 – 0.40

	
	     Post-Control:Male
	0
	0.165
	-0.3 – 0.30

	One minute post stimulus playback display duration 
	
	
	
	

	
	Intercept
	5.49
	4.53
	-3.39 – 14.36

	
	Perch temperature
	-0.22
	0.13
	-0.47 – 0.03

	
	Perch height
	-0.34
	0.33
	-0.98 – 0.3

	
	Average wind speed
	-0.47
	0.26
	-0.97 – 0.04

	
	Stimulus context
	
	
	

	
	     Post predator
	-1.34
	0.59
	-2.5 – -0.18

	
	     Post non-predator
	-0.82
	0.49
	-1.77 – 0.13

	
	Order
	
	
	

	
	     Second
	-1.19
	0.56
	-2.29 – -0.09

	
	     Third
	-1.26
	0.50
	-2.24 – -0.27

	
	Stimulus context:Order
	
	
	

	
	     Post predator:Second            
	1.81
	0.62
	0.59 – 3.03

	
	     Post predator:Third           
	1.53
	0.62
	0.32 – 2.74

	
	     Post non-predator:Second
	1.24
	0.63
	0 – 2.47

	
	     Post non-predator:Third
	1.10
	0.61
	-0.10 – 2.30














[bookmark: _Ref293756321][bookmark: _Toc293756693]Table I‑4. Pairwise comparisons conducted on the multi-level predictor variables that had significant 95% confidence intervals from the ‘best’ model in the candidate set for each analysis. Comparisons that are significantly different from one another, based on 95% CIs are shown in bold. 
	Analysis
	Comparison
	Estimate
	SE
	Z value
	95% CI

	First Response
	
	
	
	
	

	
	Predator - Non-predator 
	0.509
	0.448
	1.14
	-0.370 – 1.39

	
	Second - Third 
	0.776
	0.398
	1.95
	-0.0038 – 1.56

	Latency to Respond
	
	
	
	
	

	
	Predator - Non-predator 
	-0.218
	0.147
	-1.49
	-0.505 – 0.069

	Total vigilance - 20 sec
	
	
	
	
	

	
	Female
	
	
	
	

	
	     Before – Control
	0.293
	0.222
	1.32
	-0.277 – 0.862

	
	     Before – Non-predator
	-0.195
	0.195
	-0.999
	-0.697 – 0.307

	
	     Before – Predator
	-0.235
	0.191
	-1.23
	-0.726 – 0.256

	
	     Control – Non-predator
	-0.488
	0.215
	-2.27
	-1.04 – 0.064

	
	     Control – Predator
	-0.528
	0.212
	-2.49
	-1.07 – 0.0164

	
	     Non-predator – Predator
	-0.040
	0.184
	-0.218
	-0.513 – 0.433

	
	Male
	
	
	
	

	
	     Before – Control
	-0.119
	0.149
	-0.795
	-0.504 – 0.266

	
	     Before – Non-predator
	-0.699
	0.133
	-5.25
	-1.04 – -0.357

	
	     Before – Predator
	-1.02
	0.127
	-8.05
	-1.35 – -0.695

	
	     Control – Non-predator
	-0.579
	0.129
	-4.47
	-0.912 – -0.247

	
	     Control – Predator
	-0.901
	0.123
	-7.33
	-1.22 – -0.585

	
	     Non-predator – Predator
	-0.322
	0.102
	-3.16
	-0.584 – -0.060

	
	Playback order
	
	
	
	

	
	     Second - Third 
	0.157
	0.104
	1.509
	-0.047 – 0.362

	Total vigilance – 1min
	
	
	
	
	

	
	Female
	
	
	
	

	
	     Before – Post control
	-0.0762
	0.124
	-0.614
	-0.395 – 0.243

	
	     Before – Post non-predator
	-0.0402
	0.124
	-0.324
	-0.36 – 0.279

	
	     Before – Post predator
	0.219
	0.133
	1.66
	-0.121 – 0.561

	
	     Post control – Post non-predator
	0.0361
	0.124
	0.291
	-0.282 – 0.355

	
	     Post control – Post predator
	0.296
	0.133
	2.22
	-0.0463 – 0.639

	
	     Post non-predator – Post predator
	0.260
	0.133
	1.95
	-0.083 – 0.603

	
	Male
	
	
	
	

	
	     Before – Post control
	-0.0766
	0.0879
	-0.870
	-0.302  – 0.149

	
	     Before – Post non-predator
	-0.147
	0.0867
	-1.69
	-0.37 – 0.076

	
	     Before – Post predator
	-0.363
	0.0824
	-4.41
	-0.575 – -0.152

	
	     Post control – Post non-predator
	-0.0705
	0.0856
	-0.823
	-0.291 – 0.15

	
	     Post control – Post predator
	-0.287
	0.0812
	-3.53
	-0.496 – -0.0779

	
	     Post non-predator – Post predator
	-0.216
	0.08
	-2.70
	-0.422 – -0.0107

	Dewlap duration – 1 min
	
	
	
	
	

	
	First
	
	
	
	

	
	     Post-control – Post-non-predator
	1.05
	0.397
	2.65
	0.123 – 1.99

	
	     Post-control – Post-predator
	1.63
	0.397
	4.10
	0.696 – 2.56

	
	     Post-non-predator – Post-predator
	0.571
	0.423
	1.35
	-0.420 – 1.56

	
	Second
	
	
	
	

	
	     Post-control – Post-non-predator
	-0.271
	0.413
	-0.656
	-1.24 - 0.697

	
	     Post-control – Post-predator
	-0.166
	0.418
	-0.396
	-1.14 – 0.815

	
	     Post-non-predator – Post-predator
	0.105
	0.385
	0.272
	-0.799 - 1.01

	
	Third
	
	
	
	

	
	     Post-control – Post-non-predator
	-0.033
	0.407
	-0.081
	-0.987 – 0.921

	
	     Post-control – Post-predator
	0.092
	0.405
	0.227
	-0.857 - 1.04

	
	     Post-non-predator – Post-predator
	0.125
	0.406
	0.308
	-0.826 – 1.08
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[bookmark: _Ref293759263][bookmark: _Toc293759355]Figure I-1. Mean combined latency to respond ( SE) for adult male and female brown anoles to the control (N = 104), non-predator (N = 104), and predator (N = 108) stimuli.
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[bookmark: _Ref293759283][bookmark: _Toc293759356]Figure I-2. Mean number of antipredator responses ( SE) exhibited by female (solid circle) and male (solid triangle) adult brown anoles during the 20-second period before (females: N = 24, males: N = 84) playbacks began and during playback of the 20 second control (females: N = 23, males: N = 80), non-predator (females: N = 23, males: N = 80), and predator (females: N = 24, males: N = 840) stimuli.
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[bookmark: _Ref293759293][bookmark: _Toc293759357]Figure I-3. Mean number of antipredator responses ( SE) exhibited by female (solid circle) and male (solid triangle) adult brown anoles during the one-minute period before (females: N = 24, males: N = 84) playbacks began and the one-minute period following playback of the control (females: N = 22, males: N = 79), non-predator (females: N = 23, males: N = 78), and predator (females: N = 23, males: N = 79) stimuli.
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[bookmark: _Ref293759302][bookmark: _Toc293759358]Figure I-4. Mean duration of dewlap displays ( SE) exhibited by adult male brown anoles during the one-minute period following playback of the control (First: N = 15, Second: N = 10, Third: N = 12), non-predator (First: N = 11, Second: N = 14, Third: N = 12), and predator (First: N = 11, Second: N = 13, Third: N = 12) stimuli by the order of presentation.
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