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Abstract

Predatory birds represent the greatest risk for many lizard species. However, little is known about
the functional relationship between the escape distance and escape latency of lizards during a
rapid bird attack. We hypothesised that escape latency and distance in the Andean lizard species
Phymaturus williamsi would increase proportionally, but vary according to the means of escape.
Over a three-year period we observed seven types of antipredatory behaviour in 98% P. williamsi
lizards on simulated predatory bird attacks. Escape distance and latency were positively correlated.
65% of lizards emerged from their refuge within 2 min of an attack. All of these behaviours were
positively correlated with escape latency and distance, although we found the former to be more
precise. This study contributes to a better understanding of the general antipredatory behaviour in
this species of Andean lizard, and will assist in future decisions concerning its conservation.

Keywords
ecology, predator—prey interaction, antipredatory behaviour, hiding behaviour, direct attack,
predatory birds.

1. Introduction

Most animals, with rare exceptions, are either predators or potential prey
(Desfilis & Font, 2002). Potential prey animals have a wide variety of an-
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tipredatory strategies to reduce the possibility of their being converted into
actual prey (Edmunds, 1974; Blumstein & Daniel, 2005; Blumstein, 2006;
Shepard, 2007). An antipredatory behaviour only endures if the benefits
of that behaviour outweigh its costs, as any non-beneficial activity will be
eliminated through natural selection (Blumstein & Daniel, 2005; Pafilis et
al., 2009). The selection of antipredatory behaviours, therefore, appears to
be related to the particular environment in which the predation takes place
(Reynolds & Bruno, 2013).

Reptiles, particularly Sauria, face great pressure from predators (Mckin-
ney & Ballinger, 1966; Avila & Morando, 2002; Lopez et al., 2003; Shepard,
2007). From the perspective of lizards as prey, flight is energetically costly
(Ydenberg & Dill, 1986; Pérez-Cembranos et al., 2013) and has a negative
impact on opportunities for vital activities such as feeding or mating (Yden-
berg & Dill, 1986; Cooper & Frederick, 2007).

Among all of their possible predators, certain bird species are considered
to be lizards’ principal threat (Jaksic et al., 1982; Poulin et al., 2001; Lopes
et al., 2005; Carlile et al., 2006). When these birds attack in flight, they do
so quickly, directly and from a great distance, rarely generating a shadow
recognisable to their prey (Curio, 1976; Labra & Leonard, 1999; Cooper,
2009; Cooper & Blumstein, 2015; Ventura et al., 2016; Cabezas-Cartes et
al., 2018). The prey’s behaviour to avoid capture from this type of predation,
therefore, is based principally on swift escape (Brock et al., 2015).

In order to study the predation risk posed to various lizard taxa, humans
have commonly simulated predators due to the various advantages that this
confers (Cooper et al., 2009; Cooper, 2011). The initial escape distance (be-
tween the predator and the prey when escape is initiated), and the escape
latency (time between initial awareness and initiation of escape behaviour)
(Cooper & Blumstein, 2015) and distance (from the initial position to the
closest refuge) are the most utilised indicators of predation risk in lizards
(Martin, 2002; Diego-Rasilla, 2003; Cooper, 2009, 2011). Cooper & Martin
(2016) established a relationship between these variables in a slow predatory
attack. Few studies, however, have focused on the behavioural responses to
natural predators such as birds (Labra & Leonard, 1999; Halloy et al., 2007;
Cooper, 2009; Kacoliris et al., 2009; Ventura et al., 2016; Cabezas-Cartes et
al., 2018).

The distance between predator and prey (Cooper, 2011) is usually more
difficult to measure than the latency period and the distance between a
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lizard’s initial and final positions, especially during a predatory bird attack
that is fast and direct. In such attacks, the relationship between predation
risk variables is unknown. The use of alternative antipredatory behaviours to
predict predation risk in lizards has also not been thoroughly studied.

Within the family Iguanidae, the genus Phymaturus is ideal for the eco-
logical study of antipredatory behaviours due to its exceptional diversity,
limited distribution (Lobo et al., 2010, 2013) and vulnerable conservation
status (Abdala et al., 2012). The species Phymaturus williamsi (Lobo et
al., 2013) is endemic to the Andes mountain range, in the province of San
Juan, Argentina. Although there are not many previous studies concerning
the behaviour of this species, escape responses to the shadows of predatory
birds (Geranoaetus melanoleucus, Agriornis montanus, Turdus chiguanco
and Cinclodes atacamensis) have been observed in the study area (Fava et al.,
2018). When approached slowly by a human aiming to capture them using a
lasso, however, these lizards remain docile, allowing approach to within less
than three metres (Garcia-Muiioz & Sillero, 2010). The adverse effects of cli-
mate change in these delicate environments could also threaten P. williamsi
population growth, especially since juveniles of this species have a low ther-
moregulation tolerance (Gordillo, Victorica, Acosta & Villavicencio, pers.
comm.). It is therefore extremely important to have a better understanding of
this species’ population dynamic to take correct conservation decisions.

The main objective of this work was to examine the relationship be-
tween the escape distance and escape latency of P. williamsi when faced
with a potential predatory bird. Particular interest was paid to the influence
of these variables on the frequency and latency of other available antipreda-
tory behaviours used during flight. These variables were analysed to test the
null hypothesis that there are no differences between variables that indicate
predation risk for P. williamsi. The frequency and latency of individuals re-
maining hidden after the simulated attack was also measured, to see if escape
distance and latency changed according to whether or not a lizard sought
shelter or the period for which they remained hidden.

It is thought that adverse effects from climate change in these delicate
environments could threaten the P. williamsi population, especially since
juveniles of this species have a low thermoregulation tolerance (Gordillo,
Victorica, Acosta & Villavicencio, pers. comm.). It is therefore extremely
important to gain a better understanding of the behaviour of this species in
order to make appropriate conservation decisions.
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2. Material and methods
2.1. Study area

Sampling was conducted at Quebrada Vallecito, along the slopes of Rio Man-
antiales (31°11.0-31°11.5" S; 69°41.8-69°43.5" W; W(GS84), which corre-
sponds to Cordén de Las Burras, located between 2700 and 3200 m above
sea level in the Andean Frontal Cordillera, Department of Calingasta, San
Juan Province, Argentina. The region has a desert climate based on the
Koeppen climate classification (Poblete & Minetti, 1999). The mean an-
nual temperature is 16°C, with large annual fluctuations (absolute minimum
temperatures of —8°C and absolute maximum temperatures above 27°C).
The region has winter precipitation, with an annual mean precipitation of
70.8 mm. Phytogeographically the study area is typical of the province of
Puna, comprising mainly shrubs, such as Adesmia pinifolia, Ephedra breana
and Lycium tenuispinosum; cacti, such as Maihueniopsis glomerata and Lo-
bivia formosa, and isolated grasslands of Stipa ichu and Aristida mendocina
(Mérquez et al., 2015).

2.2. Sampling design

Nine field surveys were conducted between 2013 and 2015, with a total of
279 lizards sampled. In each survey, the sampling was done randomly using a
transect that was 3.6 km long, with a fixed width of 60 m, ascending without
doubling back across landscape features, to ensure that each lizard was con-
sidered as an independent sample. The exhaustive search was conducted by
two researchers simultaneously, using binoculars with a dioptre of 10 x 50,
positioned on two opposing slopes bordering the sampling area. The transect
surveys were performed during months when this lizard species was known
to be most active, in autumn (April), spring (September) and summer (De-
cember), and between the hours of 11:00 and 18:00 (Victorica and Acosta,
pers. com.). Surveys were performed with a minimum of 45 days between
them to ensure the seasonal independence of the samples.

2.3. Field experiment protocol

In order to simulate the potential attack of a bird of prey, a methodology was
adopted (Figure 1) similar to that used in other experiments that simulate
this type of lizard predation (Ventura et al., 2016). Models of predators were
created to mimic the silhouette of birds previously recorded in the study area
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Figure 1. Methodology of field experiment. (A) Protocol illustrated; (B) position of first
operator, pre-stimulus, using the model bird of prey; (C) protocol applied by the operators.
Andes Mountain Range, Calingasta, Province of San Juan, Argentina.

(Fava et al., 2012), and whose diets included lizards. Specifically, these were:
Geranoaetus melanoleucus (Jiménez & Jaksic, 1990; Trejo et al., 2006),
G. polyosoma (Jiménez, 1995; De Lucca, 2001; Pérez et al., 2013), Falco
sparverius (Mella Avila, 2002; Sarasola et al., 2003) and, less commonly
recorded, Phalcoboenus megalopterus (Di Stefano & Donadio, 2009), as
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well as some passerine species such as Agriornis montanus and members
of the genus Turdus (Lopes et al., 2005).

In order to design the model bird silhouette, averages of estimated
wingspan (length in cm from tip to tip with open wings) and body length
(measured from the rectrices to the head) of potential predators were used.
Two models resulted from this process, the first measuring 35 x 59 cm and
the second 94 x 137 cm. The model predators were made using a light wood,
and simulated the form of a bird with wings and tail feathers open. There
was slight colouring on the underside, similar to that of most of the selected
bird of prey species, which would be visible to a lizard (Ferguson-Lees &
Christie, 2001; Lovette & Fitzpatrick, 2016). Both models were used equally
during the simulations. During the sampling process the first operator, using
the model bird of prey mounted on the end of a 3.5 m aluminium rod, simu-
lated an attack in which either the silhouette model or its projected shadow
suddenly approached the lizard at a velocity of approximately 2.5 m/s (Fig-
ure 1). The second operator, positioned at a horizontal distance of 6 m from
the lizard, recorded the experiment (Figure 1A, C) using a video recorder
a 60x zoom and a frame capture rate of 25 frames per second. To reduce
possible confounding factors affecting the lizards’ risk perception (Burger &
Gochfeld, 1993), the same operator, wearing the same clothes, sampled all
lizards of a similar way (Figure 1B), while the other operator recorded the
lizards’ behaviours (Figure 1C). In order to avoid potential stressful effects
caused by a human presence, observers moved cautiously, without making
any threatening movements and, once in position, gave the animals ten min-
utes to become accustomed to their presence. Tests were considered invalid
whenever a lizard demonstrated behaviour changes before the onset of the
simulation.

This methodology assumed that the observed specimen responded primar-
ily to the visual stimulus of the approaching model predator. The latter was
always made to approach head first, eliminating variation in form relative
to the direction of movement. Trials in which the model bird did not cast a
shadow towards or across a lizard’s body required repositioning according
to the position of the lizard relative to the sun. After observing a lizard’s
behaviour (seeking shelter or pausing for at least ten seconds), recording
continued for an additional two minutes to capture the lizard’s post-stimulus
behaviour.
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In the laboratory, the video records of the antipredatory behaviours were
transcribed to a matrix for statistical analysis. Escape distance was defined
as the distance between a subject’s initial position upon stimulation and the
point of pausing for at least ten seconds or in a shelter where at least half its
body was hidden. This measurement was made using a metal tape measure.
The escape latency and the latency for all other behaviours was measured
from the moment a change in behaviour was recorded until it ceased, and
was measured in frames per second.

2.4. Categories of behaviours

Each of the video recordings was analysed in order to obtain a better un-
derstanding of the antipredatory behaviours of Phymaturus williamsi. Each
behaviour was identified based on ethograms obtained from the literature
(Carpenter & Ferguson, 1977; Cabezas-Cartes et al., 2018) and by using a
dictionary of animal behaviour, ecology and evolution (Barrows, 2011), as
detailed in Table 1.

2.5. Statistical analysis

Analysis of variance (ANOVA) was used to analyse the variation in fre-
quency and latency of the behaviours manifested by Phymaturus williamsi
during each experiment. Prior to the analysis, the normality and uniformity
of the variances were verified using the Kolmogorov—Smirnov D and Lev-
ene’s tests, respectively. The Tukey test was applied to detect differences
between groups.

General linear models with binomial negative distributions were used
to analyse variances within the escape distances and latencies, and in the
functions of the frequencies and latencies of each behaviour as response
variables. These models were analysed using the glm.nb function with the
log link function from the “MASS” package of the R software environ-
ment (Venables & Ripley, 2002; R Core Team, 2016). Graphical diagnoses
(qgqnorm) were used to confirm that the models fulfilled the criteria for
Pearson’s residual distribution and variance uniformity. The models were
simplified by progressively eliminating any non-significant variables and by
comparison of the maximum plausibility (logLik). The model selection was
based on the Akaike information criterion (Zuur et al., 2009).
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Table 1.

Andean lizard responses to simulated bird attacks

Description, measurement type, sampling rules and records of behaviour variables found in
Phymaturus williamsi as a prey animal.

Antipredatory
behaviour

Description Measurement type, sampling
rules and record

Cowering

Head bobbing

Forelimb
waving

Displacement

Body turning

Vigilance

Jumping

Hiding

The lizard crouches in reaction to the Event. Prey focused sampling

stimulus, without any other displacement and continuous recording of the

from its initial position (Hinde, 1970 in  antipredatory response. The data

Barrows, 2011). records were expressed as

The lizard moves its extended head or the latency in frames per second

front part of its body in a rhythmic recorded to each specific

pattern, first downward and then upward antipredatory behaviour.

in a rhythmic pattern, without any other

displacement from its initial position

(Carpenter & Ferguson, 1977).

The lizard moves the forelimbs rapidly

up and down in a rhythmic pattern

(Halloy & Castillo, 2002).

The lizard moves using its feet, changing

its body position at less than 90° angle to

the direction of escape (Tinbergen & Van

lersel, 1947; Barrows, 2011).

The lizard redirection its body between

90° and 180° angle to the direction of

escape on the initial position (Cooper,

2008).

The lizard explores, directs and moves its

head towards the direction of the attack,

without body moving (Cooper, 2008).

The lizard pushes its feet against the

ground and propelling its body upward

into the air, changing its initial position

(Emerson, 1985 in Losos & Sinervo,

1989).

The lizard conceals its entire body State. Prey focused sampling and

beneath an object, always entering its continuous recording of the

headfirst towards the tail (Martin & antipredatory response. The data

Lépez, 1999b). records were whether the
antipredatory behaviour
occurred.




G.A. Fava, J.C. Acosta / Behaviour 155 (2018) 861-881 869

Table 1.
(Continued.)

Antipredatory Description Measurement type, sampling
behaviour rules and record

Emerging from The lizard begins to come out from its ~ Event. Prey focused sampling on

refuge refuge, starting headfirst and revealing at the selected refuge and
least half of its body from under the continuous recording for two
refuge (Martin & Lépez, 1999b). minutes. The gathered data was

expressed as the seconds of
latency during which the hidden
behaviour persisted.

3. Results
3.1. Behaviour frequency and latency

Seven antipredatory behaviours were recorded for Phymaturus williamsi in-
dividuals exposed to a bird of prey attack stimulus. Six individuals did not
display any behaviours at all, while the rest (97.85%) demonstrated an aver-
age of two behaviours (SD = 0.75), an average escape distance of 30.08 cm
(SD = 24.75; range = 0-149 cm) and an average latency of 0.65 s (SD =
0.41, range = 0-4.12 s) for each behaviour (Figure 2). The most frequent
antipredatory behaviour seen was a body turn (Figure 2A,B), with this be-
haviour employed first by 64% of sampled individuals. The next most fre-
quent behaviour was displacement (Figure 2C,F), which was seen as the first
or second behaviour in 54% of cases. Vigilance behaviour was recorded in
43% of cases (Figure 2D), followed by displacement in 57% of cases (Fig-
ure 2E) between the first and fourth behaviour employed (Figure 2A-F). The
remaining behaviours were observed occasionally.

The frequency of each antipredatory behaviour was significantly differ-
ent in comparison with the others (¥ = 314.8; p < 0.0001). Body turning
behaviour did not show a statistical difference with displacement behaviour
(z =2.43, p =0.07) but was significantly higher than vigilance behaviour
(z =12.66; p < 0.001). Head bobbing, jumping, and cowering behaviours
were not significantly different (in all cases p > 0.15) and were significantly
less frequent than vigilance behaviour (in all cases z > 30 and p < 0.001;
Figure 3).
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Figure 2. Records of antipredatory behaviour in Phymaturus williamsi (FPS). (A) Initial
position of lizard basking; (B) trajectory of body turning behaviour; (C) trajectory of dis-
placement behaviour; (D) vigilance behaviour; (E) trajectory of displacement behaviour and
lizard with half its body under cover and (F) lizard concealed in a refuge. Andes Mountain
Range, Calingasta, Province of San Juan, Argentina.

The recorded latencies for the different aforementioned behaviours for
P. williamsi did not show significant differences between themselves (in all
cases p > (0.64).

3.2. Escape latency and distance

The escape latency of lizards was positively correlated with the escape dis-
tance (z = 3.433; SE = 0.0016; p = 0.0006; Figure 4) when a direct attack
by a bird of prey was simulated.

The escape distance for Phymaturus williamsi was significantly greater
in individuals that also demonstrated greater latency in the behaviours of
displacement (Negative Binomial GLM; z = 3.80, SE = 0.01, p > 0.0001;
Figure 5A) and body turning (Negative Binomial GLM; z = 2.42, SE = 0.02,
p = 0.016; Figure 5B). Conversely, individuals who did not hide demon-
strated a significantly lower escape distance (Negative Binomial GLM;
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Figure 3. The frequency of repetition of antipredatory behaviours observed in Phymaturus
williamsi per experiment.
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Figure 4. The relationship between escape distance and escape latency for Phymaturus
williamsi when attacked by a simulated predatory bird.
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Figure 5. Variability in the escape distance for Phymaturus williamsi in the functions of (A)
the latency for displacement; (B) body turning; (C) hiding and (D) emerging from a refuge.

z=1.82, SE = 0.28, p = 0.049; Figure 5C). This variable was significantly
higher in individuals who delayed the resumption of their activity for be-
tween 1.31 and 2 minutes after seeking shelter (Negative Binomial GLM;
7=1.99, SE = 0.29, p = 0.046; Figure 5C) and for those that remained hid-
den for more than two minutes (Negative Binomial GLM; z = 1.82, SE =
0.28, p = 0.049; Figure 5D). The latency of vigilance, cowering, jumping,
and head bobbing behaviours in prey lizards did not display significant vari-
ation in relation to the function of the escape distance.

The escape latency for P. williamsi rose significantly for vigilance (Neg-
ative Binomial GLM; z = 28.44, SE = 0.001, p > 0.0001, Figure 6A), dis-
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Figure 6. Variability in the escape latency for Phymaturus williamsi in the functions of (A)
the latency for vigilance; (B) displacement; (C) body turning and (D) hiding.

placement (Negative Binomial GLM; z = 20.42, SE = 0.002, p > 0.0001,
Figure 6B) and body turning behaviours (Negative Binomial GLM; z = 7.26,
SE = 0.002, p > 0.0001, Figure 6C). Conversely, this variable decreased
significantly for individuals who did not hide (Negative Binomial GLM;
7= —5.66, SE = 0.24, p = 0.023; Figure 6D). The escape latency did not
vary significantly for cowering, jumping, or the resumption of activity after
seeking shelter (p > 0.05).

3.3. Frequency of seeking shelter and time to resumption of activity

A total of 264 lizards (94.62% of the population sampled) hid when faced
with a simulated bird of prey attack. Of these, 43 individuals (16.29%)
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emerged from their refuges in less than 30 s, 19 individuals (7.19%) emerged
between 30 s and 1 min, 53 (20.08%) emerged between 1 min and 1 min 30 s,
55 individuals (20.83%) emerged between 1 min 30 s and 2 min, and the re-
maining 94 individuals (35.61%) were still hidden after more than 2 min.

4. Discussion
4.1. Antipredatory behaviours of prey lizards

Observing the reactions of Phymaturus williamsi to a sudden attack by a
simulated bird of prey was a simple and effective method to quantify pre-
dation risk variables, and to make comparisons with other studies (Labra &
Leonard, 1999; Ventura et al., 2016; Cabezas-Cartes et al., 2018).

The responses utilised by the prey lizards to quickly escape from predators
could be quantifiably differentiated from other behaviours in their repertoire
based on their latency. The most employed antipredatory behaviours were
body turning, displacement, vigilance and hiding behaviours, similar to other
vertebrate prey animals (Ydenberg & Dill, 1986; Martin, 2002). These be-
haviours allow lizards to gauge the danger of an attack in relation to the
safety offered by the closest shelter and weigh this information before decid-
ing whether to flee and hide (Martin & Lopez, 1999a, b, 2001; Cooper, 1998,
2009).

As in other studies, a lizard’s position, the direction of the attack, the
escape velocity, the distance to the selected shelter, and the elapsed time
spent hidden were determining factors for the choice of antipredatory be-
haviours (Martin, 2002; Amo et al., 2007); the distance between predator
and prey when flight began was not considered (Martin & Ldpez, 1999a, b,
2001; Cooper, 1998, 2009, 2011; Cooper & Martin, 2016). When P. williamsi
emerge from their shelters seeking resources (mainly for thermoregulation),
they tend to position themselves so that their head is at a 180° angle to se-
lected refuges, such as cracks or openings between rocks, on the steepest
slopes. From this position, a lizard has the best field of view to maintain
vigilance about its surroundings and to detect a possible predator, providing
safety during thermoregulatory activities and balancing the time necessary to
escape (Martin, 2002). The escape angle of P. williamsi was seen to be highly
variable, between 90° and 180°, making their flight path less predictable than
other species which always orient in the direction of escape (Ydenberg &
Dill, 1986; Cooper & Frederick, 2007). The ability to flee quickly and turn



G.A. Fava, J.C. Acosta / Behaviour 155 (2018) 861-881 875

their body during flight enables these lizards to escape predators more ef-
fectively as they can change their direction of escape (Eilam, 2007; Bulbert
et al., 2015; Cooper & Sherbrooke, 2016). Also, escaping using a body turn
may move the anterior end of the lizard away from a predator, increasing the
probability that the predator will contact the tail, which may be autotomised
(Smith, 1996; Cooper & Wilson, 2007; Cooper, 2008).

In common with other studies (Ydenberg & Dill, 1986; Cooper & Freder-
ick, 2007), we found that lizards exposed to a rapid and direct predatory
attack had little opportunity to adjust their behaviours to maximize the
cost/benefit ratio. Body turning and displacement behaviours have energy
costs, but allow the prey to distance itself from its predator, while vigilance
allows prey to detect predators with little or no unnecessary energy expendi-
ture, even though it implies a higher possibility of capture (Martin, 2002). If
a lizard is close to shelter, it can opt to flee quickly as the flight cost is low,
and once hidden they can further evaluate any potential risk. However, if a
lizard needs to move over a longer distance to escape a predator’s reach, they
may adjust their antipredatory response. In other words, lizards can opt for
less costly behaviours that increase the probability of capture only when the
predator is still far away (Cooper, 1998; Martin, 2002; Cooper & Blumstein,
2015; Cooper & Martin, 2016). Vigilance behaviour in lizards is essential if
they are to evaluate the probability of a real threat and avoid the high cost of
fleeing a predator that is not stalking them. On the other hand, less frequent
behaviours such as cowering, jumping and head bobbing can be interpreted
as failed decisions in this case (simulating a direct bird attack), as they in-
dicate movement without moving away from the predator; these behaviours
increase the escape latency and diminish the possibilities of future fitness
contributions (Martin, 2002).

The variations in antipredatory behaviour mechanisms exhibited by P.
williamsi demonstrated a positive relationship between the functions of the
required escape distance and latency. The variance in escape latency, how-
ever, presented a greater residual adjustment than escape distance. It can be
said therefore that escape latency is a more precise indicator of predation
risk, as it not only indicated the distance of the escape trajectory, but also
the incidence of other, different behaviours, as seen for other lizards when a
predator approached them slowly (Cooper & Martin, 2016).

Head bobbing and forelimb waving were not important antipredatory re-
sponses for Phymaturus williamsi (Font et al., 2010, Halloy et al., 2013)
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when confronted with a direct and fast attack. In this study, head bobbing was
a casual response to the simulated bird of prey, and differed from preliminary
studies using a lasso for capture (Acosta, pers. comm.). Similarly, forelimb
waving behaviour was not observed in this study, although it has been re-
ported for other species when threatened by a slowly approaching predator
(Halloy et al., 2013). It is likely that prey animals use these behaviours to
warn or demonstrate their escape ability when the threat risk is lower, if the
predator is, for example, farther away or attacking slowly (Martin, 2002;
Blumstein & Daniel, 2005; Pafilis et al., 2009; Cooper & Martin, 2016).

4.2. Hiding behaviour and time taken to emerge from refuges

The majority of Phymaturus williamsi sampled sought shelter and remained
hidden for a prudent amount of time after detecting a direct attack. These
responses proved to have a positive relationship with the escape distance of
prey lizards and could be explained as the necessary recovery time. Simi-
larly, the decision to stay hidden and out of reach of any potential predator
is crucial if a lizard is to obtain information about the predatory behaviour
and reduce to a minimum the risk of another attack that could prove fatal
(Cooper, 1998; Martin, 2001, 2002; Polo et al., 2011; Cooper & Blumstein,
2015). Very few lizards did not respond at all to the simulated predator, al-
though crypsis is an alternative passive defence to gain time when seeking
shelter has a high cost, for example in those lizards with low body tempera-
tures that needed to bask (Martin, 2002).

4.3. Conclusion

The simulated direct attack of a bird of prey on a basking lizard allowed us
to record seven antipredatory behaviours, the most prominent of which were
body turning, displacement, vigilance and hiding behaviours. The latency of
the chosen behaviours allowed us to easily quantify a positive relationship
between the escape distance and latency, while the latter variables displayed
a positive relationship proving them to be reliable predation indicators for
lizards. That being said, the variance of the escape latency in relation to the
antipredatory behaviours was less than the escape distance, making the first a
more precise measure of predation risk in lizards. The methodology applied
here could be useful for testing other antipredatory variables in lizards not
addressed in this work (for example, differences in age groups, seasonal
variation, environmental differences, predator size, type of shelter selected,
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and distance to the nearest refuge). The information obtained for Phymaturus
williamsi in this study gives us a deeper understanding of this species and
enables us to further evaluate its conservation status in relation to other
herpetofauna in these underexplored environments.
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