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Abstract.—Flight initiation distance (FID) is the minimum approach distance allowed for a potential predator before an 

animal starts a locomotor escape.  Factors such as body size and body temperature might affect this behavior in lizards.  

Here, we analyzed the influences of these factors on defensive behaviors of sympatric lizards Tropidurus hispidus and T. 

semitaeniatus on rock outcrops in northeastern Brazil.  All individuals of the two species employed locomotor escape.  

Shorter FID for T. semitaeniatus in comparison with T. hispidus suggested that the former rely more on immobility to 

conceal their presence and/or that it is more effective at evading predators.  Furthermore, Tropidurus hispidus lizards 

might be faster than T. semitaeniatus and because of that, individuals may take flight early at low velocities and retain the 

capacity to increase their velocity when necessary.  Inter-specific differences in body dimensions apparently represented 

important influences for this defensive behavior.  Neither SVL nor body mass were important factors influencing intra-

specific variations in FID.  At low body temperatures, T. hispidus tended to exhibit greater FID, presumably due to 

impaired locomotor capacity. 
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INTRODUCTION 

 

 Lizard prey may permit a minimum approach distance 

for a predator before starting a locomotor escape for 

capture avoidance, which is the flight initiation distance 

(FID; Ydenberg and Dill 1986; Cooper and Frederick 

2007), and body size, body temperature, and differences 

in escape efficiency might influence this behavior.  For 

instance, in North America, Callisaurus draconoides had 

lower FID compared to Cophosaurus texanus possibly 

due to its greater body dimensions that make it more 

visible to predators and/or to differential energetic 

constraints (Bulova 1994).  In Brazil, Tropidurus 

oreadicus with low body temperatures had longer FID 

than individuals with higher body temperatures (Rocha 

and Bergallo 1990).  For related sympatric species co-

occurring locally, escape decisions might be 

qualitatively similar due to relatedness, and divergences 

in defense responses (e.g., in FID) might arise from 

inter-specific ecological differences that affect prediction 

of risk (Cooper and Avalos 2010). 

 The lizards Tropidurus hispidus and Tropidurus 

semitaeniatus (Squamata, Tropiduridae) often occur in 

sympatry on rock outcrops in northeastern Brazil.  

Tropidurus hispidus occurs in several ecoregions along 

its broad geographic distribution range in South 

America, inhabiting Amazonian savannas, Atlantic 

Forest, Cerrado, and Caatinga (Rodrigues 1987, 1988; 

Avila‒Pires 1995; Carvalho 2013).  Tropidurus 

semitaeniatus occurs in Caatinga, Cerrado boundaries, 

and in zones towards the Atlantic Forest, where it is 

found primarily on rock outcrops (Carvalho 2013). 

 Morphological differences exist between T. hispidus 

and T. semitaeniatus: individuals of the former species 

are bulkier and achieve larger body sizes, whereas the 

latter are flattened and smaller, allowing them to take 

refuge in relatively narrow crevices (Vitt 1981, 1993; 

Vitt and Goldberg 1983, but see Vitt et al. 1997).  In this 

context, one would expect the occurrence of inter-

specific differences in FID influenced by differences in 

body dimensions.  Here, we investigate influences of 

body size (snout-vent length and body mass) and body 

temperature on FID exhibited by T. hispidus and T. 

semitaeniatus lizards, considering possible inter and 

intra-specific variations.  We hypothesized that lizards 

that are more visible should run earlier in face of a 

potential predator and that low body temperatures may 

result in longer FID.  Otherwise, larger lizards could 

have shorter FID due to greater ability to escape in high 

speeds. 

 

MATERIALS AND METHODS 

 

 Study area.—We collected data in rock outcrop areas 

in Igatu, in the municipality of Andaraí, state of Bahia, 

northeastern Brazil (12°53ꞌS, 41°19ꞌW), in the 

surroundings of the Parque Nacional da Chapada 

Diamantina.      Overall,   due   to   particular   altitudinal 
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TABLE 1. Snout vent‒length (SVL, mm), body mass (g), body temperature (Tb, °C), and flight initiation distance (FID, cm) of Tropidurus 
hispidus and T. semitaeniatus in Igatu, municipality of Andaraí, state of Bahia, Brazil.  Values are presented as mean ± standard deviation. The 

range and number of observations are between parentheses. 

 

 

Species SVL Body mass  Tb FID 

Tropidurus hispidus 
86.3 ± 19.9 

(57.7‒133.2; n = 18) 

26.1 ± 23.1 

(6.0‒90.5; n = 18) 

36.0 ± 2.2 

(30.6‒39.2; n = 18) 

160.5 ± 69.2 

(72.8‒282.0; n = 18) 

     

Tropidurus semitaeniatus 
57.3 ± 6.3 

(44.9‒68.7; n = 24) 

4.1 ± 1.7 

(2.3‒7.8; n = 24) 

36.1 ± 1.6 

(32.6‒39.8; n = 25) 

92.6 ± 47.0 

(22.7‒196.7; n = 25) 

     

conditions, the climate is mesothermic of the Cwb type 

in Köppen’s classification (1923), with milder 

temperatures (annual averages bellow 22 °C) compared 

to nearby regions (Rocha et al. 2005).  The area where 

we collected data was a semi-arid environment having 

sand soils occupied by undergrowth and herbaceous and 

shrubby vegetation, but predominantly covered by rock 

outcrops. 

 

 Data collection and statistical procedures.—We 

collected data in March 2013 through visual encounter 

surveys conducted along transects for 30 min at each 

hour between 0900 and 1700 (total sample effort of 1440 

min distributed equally throughout six days).  We made 

slow walks across the area while searching for lizards on 

the ground, logs, cacti, and stones, as well as on the 

vegetation.  Whenever an individual lizard was sighted, 

one of the authors (Thiago Maia-Carneiro) moved 

slowly, straight towards the lizard and, once the lizard 

moved, marked its initial position and that of the 

investigator (with scratches on the rocks or with a ribbon 

tied to a rock).  An attempt was then made to capture the 

lizard by noose or by hand.  We encountered all lizards 

on rocks and mainly at heights up to 1.5 m.  We 

collected captured individuals for a study of feeding 

habits, which eliminated the occurrence of pseudo-

replication. 

 

 
FIGURE 1. Differences in minimum flight initiation distances (FID, 

cm) between Tropidurus hispidus and T. semitaeniatus in Igatu.  

 We measured FID with a tape (to 0.1 cm) as the 

distance from the potential predator (investigator) to the 

lizard when the escape behavior started.  To control 

stimulation from the potential predator, the same 

investigator (TMC) approached lizards in all trials at 

similar speeds and wore similar clothes (despite 

evidence that the color of clothing does not influence 

FID: Cooper and Pérez-Mellado 2011).  We recorded the 

body temperature (Tb) of each captured lizard with a 

Miller and Weber quick-reading cloacal thermometer (± 

0.2 °C precision).  We measured snout-vent length 

(SVL) with a caliper (0.01 mm) and body mass with 

spring scales (0.25 g for individuals up to 30 g; 1.0 g for 

heavier individuals).  We evaluated possible inter-

specific differences in FID, SVL, body mass, and Tb 

between T. hispidus and T. semitaeniatus using ANOVA 

(Zar 1999).  We used linear regression analyses to assess 

the importance of SVL, body mass, and Tb on FID of T. 

hispidus and T. semitaeniatus (Zar 1999). 

 

RESULTS 

 

 Tropidurus hispidus had significantly greater FID than 

T. semitaeniatus (F1, 41 = 14.707, P < 0.001; Fig. 1; 

Table 1).  There was no difference in Tb of T. hispidus 

and T. semitaeniatus (F1, 41 = 0.007, P = 0.935), but 

individuals of T. hispidus were significantly longer (F1, 40 

= 45.202, P < 0.001) and heavier (F1, 40 = 84.957, P < 

0.001; Table 1).  There was no significant relationship 

between SVL and FID in T. hispidus (r = 0.163, F 1, 16 = 

0.436, P = 0.519) or T. semitaeniatus (r = 0.233, F1, 22 = 

1.265, P = 0.273; Fig. 2; Table 1).  Similarly, body mass 

and FID were unrelated in T. hispidus (r = 0.146, F 1, 16 = 

0.348, P = 0.563) and T. semitaeniatus (r = 0.145, F 1, 22 

= 0.474, P = 0.498; Fig. 2; Table 1).  For T. hispidus, 

FID was negatively related to Tb (r = 0.609, F = 1, 16 = 

9.409, P = 0.007), but this relationship was not 

significant in T. semitaeniatus (r = 0.167, F 1, 23 = 0.659, 

P = 0.425; Fig. 2; Table 1). 

 

DISCUSSION 

 

 Individuals of T. hispidus and T. semitaeniatus in 

Igatu remained immobile as they monitored the 

predator’s approach and then fled when the risk became  
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FIGURE 2. Distributions of data regarding (top left) flight initiation distance (FID, cm) and snout-vent length (SVL, mm), (top right) FID and 

body mass (g, log), and (bottom) FID and body temperature (○C) for Tropidurus hispidus (○) and T. semitaeniatus (×) in Igatu. The regression 

line represents the statistically significant relationship between FID and body temperature in T. hispidus. 

 
 

too great to justify continued immobility, matching the 

scenario of economic escape theory (Ydenberg and Dill 

1986; Cooper and Frederick 2007).  Predators sometimes 

detect or attack prey after stimulated by their movement 

(Greene 1988); thus, remaining motionless might 

represent an advantage for prey before relying on flight.  

Immobility was considered important to reduce the 

chances of lizards T. montanus being detected by 

predators (Machado et al. 2007).  Considering that in 

open environments lizards are more conspicuous to 

visually oriented predators, defense through immobility 

potentially increases the chances of survival of these 

animals in rock outcrops, until the predator is close 

enough that it is likely to have detected the prey, 

increasing the risk of capture while fleeing. 

 The differences in FID between T. hispidus and T. 

semitaeniatus in Igatu may have occurred because of 

influences from body size.  This suggestion is consistent 

with results of a study including over 60 species of 

lizards in which FID increased inter-specifically as SVL 

increased (Cooper et al. 2014).  Possibly, the larger size 

of T. hispidus might render them more conspicuous and 

thus more susceptible to predator attacks.  Furthermore, 

the larger size of T. hispidus in comparison to T. 

semitaeniatus might render individuals easier to locate 

after escape and hamper the flight and shelter in small 

refuges.  Indeed, T. semitaeniatus has a flattened 

morphology typical of rock-dwelling lizard species (Vitt 

et al., 1997; Revell et al., 2007) and is commonly 

associated with rock crevices that individuals may use as 

shelter for evading predation (Vitt, 1981, 1993; Vitt and 

Goldberg, 1983; Ribeiro et al., 2012).  In addition, T. 

hispidus lizards might be faster than T. semitaeniatus 

and, because of that, individuals may afford to flight 

early at low velocities and retain the capacity to increase 

their velocity whether necessary.  In North America, 

large Sceloporus woodi lizards that have greater 

maximum velocities than smaller individuals attained 

maximum velocity less frequently during flight and ran 

early (Stiller and McBrayer 2013).  By doing this, larger 

lizards reduce risks associated to interactions with 

predators, preserve energy that would be expended 



Maia-Carneiro and Rocha.—Flight behavior of sympatric lizards. 

664 

 

during rapid flight, and maintain the ability to flee again 

if a predator approaches soon after fleeing (Stiller and 

McBrayer 2013).  Nevertheless, the shorter FID for T. 

semitaeniatus in Igatu compared with T. hispidus might 

indicate that these lizards rely more on immobility to 

conceal their presence and/or that they are more 

effective at evading predators (e.g., by using rock 

crevices). 

 Despite the importance of body size promoting 

divergences in FID between species in Igatu, intra-

specifically, body dimensions were irrelevant based on 

our analysis.  Individuals of different sizes within each 

species had similar sensibility to predation risk, allowing 

potential predators to approach similar minimum 

distances regardless of particular body dimensions.  

Nonetheless, this similar prediction of risk might have 

occurred due to the potential predator in this study (a 

human) have a body size larger than those of more 

common actual predators of the lizards in the 

environment, which may have influenced the behavioral 

responses.  Both T. hispidus and T. semitaeniatus lizards 

in Igatu used squirreling (running to opposite side of tree 

or rock) as a defensive strategy, a behavior documented 

to occur in different lizard species (e.g. Regalado 1998; 

Smith and Lemos-Espinal 2005), and also fled into 

burrows after the observer approach.  Similar behaviors 

have been reported for other tropidurid species and are 

widespread among lizards (Vitt 1993; Vitt and Goldberg 

1983; Faria and Araujo 2004; Machado et al. 2007; 

Meira et al. 2007). 

 Intra-specifically, T. hispidus that had comparatively 

lower body temperatures tended to have greater FIDs 

than individuals with higher body temperatures.  Body 

temperature affects the physiological state of lizards and 

its variation influence defensive responses by these 

animals.  Low body temperatures may impair locomotor 

performance in lizards (Hertz et al. 1982; Autumn et al. 

1994), which in turn may affect predator escape 

behaviors, with lizards that have low body temperatures 

running earlier from potential predators than individuals 

with higher body temperatures (Rand 1964).  The 

inverse relationship between Tb and FID presumably is a 

compensatory strategy to overcome reduced escape 

ability at lower body temperatures.  Such relationship 

may have not occurred within T. semitaeniatus because 

of small variations of FID and Tb in comparison with T. 

hispidus, which may influence the detectability by 

statistical tests. 
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