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Figure 3. Sample spectrograms of the three different stimuli broadcast to skinks.

Table 1. Ethogram of antipredator or vigilant behaviors in blue-tailed and white-bellied copperstriped skinks (modified from Yan et al. 2019)

Behavior Definition

Look Fixed body and head position, scored following each visible head movement

Walk® Locomotion using all four legs

Run? Quick locomotion using all four legs

Jump® Hop off initial position

Tail wag Tail movement

Bloat Expanding body with no locomotion or head movement. Scored with each expansion

Out of sight Not in observer’s view, either from vegetation obstruction or after disappearing into the foliage

*Combined to create total locomotion.

cats, chickens, and raptors) were recorded only if they were
within a 1 m of the skink being observed. Finally, we esti-
mated the skink’s body size (measured as snout to tail length;
average error: = 0.55 cm based on the estimation of known-
sized sticks in the same habitat).

Statistical analysis

We scored our focal observations using JWatcher v. 1.0
(Blumstein and Daniel 2007), an event recording program
that codes behavioral transitions and quantifies time allo-
cation. We conducted our statistical analyses in R (version
4.3.2; R Core Team 2023). We used the following statistical
packages: dplyr (Wickham et al. 2023), ggplot2 (Wickham
2016), and performance (Lidecke et al. 2021). We grouped
behaviors as in Yan et al. (2019), with walking, running, and
jumping classified as total locomotion, and looking was not
grouped and was analyzed as its own category. While we
aimed to examine bloating and tail wagging, these behav-
iors were too rare to use in our analysis. Following Yan et al.
(2019), we focused on comparing the first 30 s after the stim-
ulus to the 30-s interval before the stimulus was broadcast.
To do so, we calculated the change in the rates of behavior (N
events divided by the time the skink was in sight) and, using
these rates, calculated the change in rates of behavior (N/s)
before and after playback. Following Yan et al. (2019), we
interpreted increased looking rate and locomotion rate along
with greater FIDs as reflecting enhanced perceptions of risk

because these are antipredator behaviors commonly found in
lizards (Martin et al. 2009). Conversely, we interpreted lower
FIDs and decreased looking rate and locomotion rate as more
relaxed responses.

We fitted three linear models for both species: one for total
locomotion, one for looking, and one for FID. In each model,
we fit our dependent variable as a function of treatment,
location (residential or nonresidential areas), and the interac-
tion of treatment and location. The total locomotion model
for blue-tailed skinks was log-transformed to meet model
assumptions. To this, we then added skink size and observer
iteratively. Skink size and number of conspecifics and het-
erospecifics were not significant, and so we omitted it from
our models. Observer effects were significant within total
locomotion and look models so they were included as covar-
iates. Due to a broad range of SDs for our FID estimates, we
tested if restricting the data to a limited range of SDs (2.5-
4.5 m) would qualitatively alter our results. It did not (see
Supplementary Material) and thus we report the results based
on the full data set with the complete range of SDs.

We used the R package performance to evaluate the assump-
tions of our models. We found that, despite trying a variety
of transformations, we were unable to meet the normality
assumptions of linear models because our data for locomo-
tion and looking rates in both skink species was zero-inflated.
Thus, we used a permutation test (with 1,000 random per-
mutations) to study the effects of treatment on behavioral
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Figure 4. Box plots illustrating the changes from baseline in (a, d) locomotion rates, (b, e) looking rates as a function of playback stimulus of blue-tailed
skinks and white-bellied copperstriped skinks in nonresidential and residential locations respectively. The effect of playback type on the relationship

(+ 95% Cl) between starting distance and flight initiation distance in (c) blue-tailed skinks and (f) white-bellied copper-striped. Each dot is the response
to a single experiment. Figures include adjusted R? values and model P-values.
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contain a variety of nonlinearities to see whether and how
they affect antipredator behavior.

Our results are also consistent with previous studies’ find-
ings showing that human exposure altered responses over
time (McGowan et al. 2014; Samia et al. 2015; Smith et al.
2015; Greenberg and Holekamp 2017; Williams et al. 2020).
The skinks we studied did not change their short-term behav-
ior nor their later risk assessment when human vocalizations
were broadcast in areas where humans were only intermittent
visitors but did change their behavior in areas where humans
had a consistent presence. Both species modified their behav-
ior in ways that reflect increased perceptions of risk, but only
in residential areas. This suggests that exposure to humans
alters risk assessment, or our ability to study it. This finding
differs from that reported in other studies where species closer
to humans tend to be more tolerant and less fearful (Meller
2008, 2012; Evans et al. 2010; Lowry et al. 2013; Uchida et
al. 2019) suggesting that each study system have their own
ways of responding to humans based off different stimuli/
experiences. For instance, dik-diks foraged more when within
0.5 km of human residence after hearing alarm call playbacks
compared with dik-diks further than 0.5 km (Coleman et al.
2008). Similarly, dark-eyed juncos (Junco hyemalis) became
less fearful of humans in urban areas compared with nonur-
ban areas (Diamant et al. 2023).

There is a growing literature on the effects of urbanization
on boldness and other aggressive and antipredator behaviors
(Samia et al. 20135; Lapiedra et al. 2017; Baxter-Gilbert et al.
2019; Patankar et al. 2021; Sadoul et al. 2021). Future cogni-
tive studies should explicitly recognize that where animals are
studied, with respect to their exposure to humans, can influ-
ence their response and hence our ability to quantify cogni-
tive traits and abilities. Thus, while studying animals in their
natural environment may be essential to understanding the
adaptive value of cognition (Pritchard et al. 2016; Goumas et
al. 2020), animals’ prior experiences and surroundings may
influence our ability to quantify their cognitive abilities. An
important conclusion from this study is that context matters
when asking cognitive questions about animals’ perception,
learning, memory, and decision-making (Shettleworth 2001;
Dukas 2004; Goumas et al. 2020). After all, there is a notable
difference between trials that ask foraging questions versus
those that ask fear-related questions. It is important to study
cognition in the wild because cognitive abilities evolved to
solve problems animals face in nature (Raine and Chittka
2008; Keagy et al. 2009; Cole et al. 2012). Furthermore,
research like this is important because it can inform those
involved in wildlife management and conservation about how
animals process information (Greggor et al. 2020; Stanton et
al. 2023). Nevertheless, as this study has shown, it is essential
to consider anthropogenic influences and context when con-
ducting research on seemingly “wild” animals.
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