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Abstract. The complex behaviors of lizards remain poorly documented, especially in tropical species. We compiled the behaviors of 
the diurnal Bridled Forest Gecko Gonatodes humeralis through 52 hours of direct field observations performed during the day. In 
most observations (11%), we observed G. humeralis in pairs (a male and a female). We recorded nine behaviors from four categories: 
antipredator behavior, courtship, territorial behavior, and foraging; behaviors were recorded in different situations. Males exhibited 
all behaviors and interacted with most individuals they encountered. Females did not exhibit tail wagging (antipredator behavior). 
The most common behaviors were gular extension (territorial) for males and feeding for females (foraging). Tail displays were 
performed by both males and females and may function during courting, territorial, and antipredator behaviors. Tail displays 
(undulation, curling, raising, and wagging; this latter is not shown by females) may function during courting, territorial, and 
antipredator behavior. Our observations expand our knowledge of the complex repertoire of behavior patterns shown in the 
courtship, territorial, antipredator, and foraging exhibited by G. humeralis, suggesting that intrasexual selection in this species is an 
important factor. 
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Diurnal territorial lizards are good models for studying 
behavioral evolution due to distinct groups' wide array of 
characteristics (Langkilde et al. 2003, Poma-Soto et al. 2021). 
For example, some species within the families Dactyloidae, 
Gekkonidae, Mabuyidae, and Sphaerodactylidae are being 
increasingly studied due to their display behaviors and 
specialized morphological characters (Brandão & Motta 
2005, Costa et al. 2009, Avila-Pires et al. 2012, Pinto & Costa-
Campos 2017, Anaissi et al. 2020, Costa-Campos & Anaissi 
2020, Anaissi & Costa-Campos 2021). 

In such behavioral studies, compiling ethograms is one 
of the first steps in describing and classifying the behaviors 
of a particular species (Martin & Bateson 2021). In general, 
an ethogram can reveal behavioral information for a species’ 
entire life history or a particular life stage, especially when 
analyzed within courtship, intrasexual competition, and 
foraging situations (Coelho et al. 2018). Thus, observations in 
situ are more useful and accurate when compared to lizard 
studies under laboratory conditions (Greenberg 1976) or 
semi-natural field enclosures (e.g., Nunes et al. 2009) due to 
variability in behavioral conditions which may not 
accurately reflect the behaviors of a species in its natural 
setting (Molina-Borja 1981). 

The genus Gonatodes (Squamata: Sphaerodactylidae) 
comprises 34 species (Uetz et al. 2021), which is considered 
the most widely distributed in the Amazon and recently in 
the Caatinga domain (Avila-Pires 1995, Oliveira et al. 2021). 
Gonatodes humeralis (Guichenot 1855) is a small-bodied 
(mean SVL 40 mm), diurnal subarboreal lizard (Miranda & 
Andrade 2003), predominantly found in the lower part of 
tree trunks in secondary forests and fragmented areas (Oda 
2008). Most of the literature on this species focuses on its 

thermal ecology and foraging behavior (e.g., Vitt et al. 1997, 
2000, Miranda & Andrade 2003, Miranda et al. 2010). A few 
studies bring information on behavioral repertoire but are 
opportunistic observations with speculative interpretations 
(e.g., Costa et al. 2009, Avila-Pires et al. 2012). This study 
aims to describe the behavioral repertoire of G. humeralis in 
situ from an urban area in the municipality of Macapá, state 
of Amapá, Brazil, and discuss along with an overview of 
their functional significance. 

Fieldwork was conducted at a forest fragment within an 
urban area located on the Campus Marco Zero of the 
Universidade Federal do Amapá (00°00’S, 51°04’W), 
municipality of Macapá, Amapá state, Brazil. The sampled 
area was 90 hectares. The region's climate is tropical rainy 
with short dry periods (Am – according to the Köppen-
Geiger classification), with a dry period from August to 
December and a rainy period from January to July (Alvares 
et al. 2013). Monthly average temperatures vary from 25.8 °C 
to 27.6 °C, and monthly rainfall is around 400 mm (Alvares 
et al. 2013). 

The behavioral records were collected using videos from 
a digital camera (Sony HDR-CX190) installed in a tripod 
near the tree trunk. All observations were performed for two 
weeks each month from August 2011 to July 2012, in two 
sessions: morning (07:00–11:59 h) and afternoon (12:00–17:00 
h); during the two sessions, the observations were 
independent in the field, with observations focused on tree 
trunks and the ground. A combination of focal (focusing on 
an individual lizard) and behavioral sampling (focusing on 
specific behavior) was used to obtain the lizard’s behaviors 
(Altmann 1974). When a lizard was sighted, we positioned at 
a distance of 3–5 m, waited 5 min for the lizard to acclimate 
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to our presence, and then began a 10-min observation 
period. We counted the number of movements the lizard 
made per 1-minute intervals; these movements were later 
analyzed through the videos and notes collected in the field 
to designate the pre-defined behavior and the frequency and 
duration of each behavior. These movements could be 
classified as gular extension, push-ups, head bobs, dorsal 
flattening, tail undulation, tail curling, tail raising, tail 
wagging, and feeding. At the end of each observation 
period, we marked the tree (using a high reflective tape), as 
the geckos have a degree of site fidelity; following field 
observations were made 10 m apart from the marked tree to 
avoid the observation of individuals already sampled on the 
same session. We did not mark the observed animals since 
handling could harm them due to their morphological 
conditions (e.g., sensitive skin) (Bauer et al. 1989). In 
addition, we recorded the daily activity of males and 
females. We used the video software Cyberlink to detect 
each behavior of G. humeralis during the recording time, and 
afterward, the ethogram was described. 

The sex of the geckos was identified using the sexual 
dichromatism typical of the species (Fig. 1): males are 
brighter than females and have a red and yellow smudge on 
their heads and in the trunks’ anterior region, while females 
are predominantly grey or brown, with dark brown spots 
(Avila-Pires 1995).  

Based on 315 behavioral records (228 for males and 87 
for females), we generated an ethogram of G. humeralis 
behaviors for approximately 52 hours of focal animal 
sampling. In most records (n = 43, 11%), we recorded G. 
humeralis in pairs (male and female), at times with a juvenile 
(n = 11, 3.5%). The species has diurnal activity (Fig. 2); 
however, the behaviors categories were recorded mostly at 
midday (11:00–13:59 h).  

We established four behavioral categories: (1) 
antipredator (n = 113, 36% of the lizards), (2) courtship (n = 
100, 32%), (3) territorial (n = 59, 18%), and (4) foraging (n = 
43, 13%) (see Table 1). Males exhibited all behaviors (Table 1) 
and interacted with most individuals they encountered. 
Females did not exhibit tail wagging as an antipredator 
behavior. 

The most common behaviors were gular extension (as 
territorial behavior, n = 38, 12%) displayed by males, usually 
performed by movements of the gular region, inflating and 
deflating, showing a small brightly yellow patch (yellow 
gular sac). For females, the feeding behavior (within the 
category of foraging behavior, n = 16, 5%) was the most 
frequently observed, in which the lizard sprints quickly 
towards a prey item, catches it in its mouth, and returns to 
the place where it was perching. We observed that after a 
period of displaying some behaviors, female and male 
lizards would often perform the all-body-flat posture (dorsal 
flattening) (n = 25, 8%). In this position, the head was raised 
45° to 60° above the horizontal; while the body and tail were 
pressed against the substrate; the tail could remain 
stationary or perform lateral or horizontal movements. 

Tail displays (undulation, curling, raising, and wagging; 
this latter is not shown by females) may be employed during 
courting, territorial and antipredator behavior. In the 
courting behaviors, the males wagged tails (n = 16, 5.0%)  
 

before approaching females, and some females responded to 
males similarly (n = 5, 1.5%). During territorial behaviors 
(male-male encounters), the territory defender always 
signals towards the intruder by tail undulate (n = 8, 2.5%), 
and the intruder responds with tail undulation or wagging; 
for female-female encounters, the entire tail undulated in a 
horizontal movement (except for wagging) (n = 1). For 
antipredator behaviors, the most common tail behaviors 
were tail raising for females (n = 11, 3.5%) and males (n = 21, 
6.6%). Both females (n = 9, 3.0%) and males (n = 14, 4.4%) 
performed the tail curling, and any individual gecko could 
perform it several times (up to 3 bouts of tail waving per 
minute in some cases). 
 
 

 
 

Figure 1. A) Males and B) females of Gonatodes humeralis observed 
at the forest fragment of an urban area, located on the Campus 
Marco Zero of the Universidade Federal do Amapá, municipality 
of Macapá, Amapá state, Brazil. 

 
 
 

 
 

Figure 2. Number of female and male Gonatodes humeralis sampled 
per hourly periods. 
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Table 1. Behavioral traits of male and female Gonatodes humeralis based on the field observation performed during daily periods. Numbers 
next to sex symbols indicate the number of individuals that performed each behavior at least once. 

 

Behavior Description  Behavioral 
categories Individuals 

Gular 
extension 

Movements on the gular region, inflating and deflating, showing a small brightly colored 
patch (yellow gular sac); they can be performed two or three times in quick succession 
(within 1–2 s). 

Courtship 56♂ 16♀ 

Push-ups 

Usually performed with forelimbs straightened such that the anterior body of the lizard 
was slightly raised from the substrate, this display consisted of rapid (1–2 per second) 
vertical displacements of the head and trunk while the feet remained immobile on the 
substrate.  

Courtship 
and 
Territorial 

20♂ 7♀ 
 
13♂ 5♀ 

Head bobs Consisted of a single cycle of raising the head ~1 cm above the initial position and then 
lowering it again.  

Courtship 
and 
Territorial 

19♂ 4♀ 
 
8♂ 2♀ 

Dorsal 
flattening 

The lizard crouched down, flattened its body dorsoventrally so that its ventral surface 
was in direct contact with the substrate. In this case, the tail can remain stationary or 
perform lateral or horizontal movements. 

Antipredator 17♂ 8♀ 

Tail 
undulation 

Consists of lateral or horizontal movements of the entire tail performed with the tail tip 
somewhat curved laterally while the individual remains stationary. 

Territorial  
and  
Antipredator 

8♂ 1♀ 
 
9♂ 3♀ 

Tail curling Consists of lifting and curling of the tail over the body while the individual remains 
stationary. Antipredator 14♂ 9♀ 

Tail raising The distal half of the tail was lifted vertically and held pointing upwards. Lizards often 
remained in this tail-raised position for 1–2 min. Antipredator 21♂ 11♀ 

Tail 
wagging 

The distal half of the tail was lifted vertically and held pointing upwards and also 
occasionally moved from side to side. Courtship 16♂ 5♀ 

Feeding The lizard sprints quickly towards a prey item, catches it in its mouth, and returns to the 
place where it was perching. Foraging 27♂ 16♀ 

 
 
Our observations on G. humeralis resemble those in the 
literature, including that the species is diurnal and active 
throughout the day (Avila-Pires 1995), with activity lower in 
the early morning and the afternoon (Vitt et al. 1997). Males 
and females showed greater activity during the midday, 
different from the results obtained by Vitt et al. (2000) for 
several Gonatodes of Amazonian localities, in which the 
number of lizards active during midday was reduced. 
However, this higher activity of lizards recorded in our 
study at midday agrees with field studies in other species of 
Gonatodes (e.g., Bello 2000, Persaud et al. 2014). In this sense, 
the higher activity of geckos could be related to the 
reduction of activity at midday by visually oriented 
predators of lizards such as birds (e.g., Aguiar & Costa-
Campos 2014), allowing those behaviors of courtship, 
foraging, and territory defense to be displayed by males and 
females. 

The courting behaviors of males and females vary from 
simple push-ups with head-bobbing, as seen for other 
geckos (Rodríguez et al. 2011). Males displayed push-ups 
and head-bobs, usually in close proximity to a female 
(approximately 60 cm); other than establishing dominance, 
these behaviors could serve as species recognition, mate 
choice, and attraction of mates (Regalado 2003). Both sexes 
performed the gular extension, and even though the 
function remains equivocal, it is seen more frequently 
during male-male encounters (territorial behavior) as 
compared to male-female encounters (courtship behavior) 
(Avila-Pires et al. 2012). 

During the sequence of territorial behavior patterns, 
male geckos initially used displays involving gular 

extension, push-ups, and head bobs, and later on (if the 
contest escalates), those involving more intense movements 
of several body elements, as tail displays (tail undulate), and 
possible functions of such displays include defense of 
territories (Bohórquez-Alonso et al. 2010, Domínguez-López 
et al. 2015). In our field observations, males defend small 
territories on tree trunks and can be seen near females. In the 
present study, we did not observe fights and bites (Demeter 
& Marcellini 1981).  

Geckos of both sexes performed similar tail displays, 
including undulation, curling, raising, and wagging (except 
for females) of the tail over the body. These behaviors have 
been identified as a possible signal to advertise predators 
that they have been detected (Bohórquez-Alonso et al. 2010, 
York & Baird 2016), courtship (Avila-Pires et al. 2012), and 
territorial behavior (Costa et al. 2009, Avila-Pires et al. 2012, 
Anaissi & Costa-Campos 2021). Death-feigning behavior, 
already registered in other species of lizards as anti-predator 
behavior (Machado-Filho et al. 2018, Anaissi et al. 2020, 
Costa-Campos & Anaissi 2020), was not registered in our 
observations.  

In our study, males performed antipredator behaviors 
more frequently than females. For example, conspicuously 
colored male geckos attract more predators than cryptic-
colored female geckos (see discussion above). The more 
intense predation pressure on males may explain the greater 
frequency of antipredator behaviors (Croft et al. 2006), such 
as tail displays (lateral or horizontal movements of the entire 
tail) and dorsal flattening (a posture that makes a lizard less 
visible to a predator) (Pedroso-Santos, pers. obs.).  

In the field, G. humeralis females and males spend most 
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of their time foraging in the lower region of tree trunks. This 
behavior is usually performed when the gecko is solitary 
and thus functions as a non-directed display. Their foraging 
behavior might force them to become exposed to other 
conspecifics and predators while searching for food (Cooper 
2005). The lizards often stop feeding and maintain a vigilant 
stance for varying amounts of time before resuming 
foraging. While moving, geckos often switch between areas 
with direct sunlight, a behavior strictly related to 
thermoregulation (not evaluated in this study). 

Our observations contribute to understanding the 
complex repertoire of behavior patterns shown in the 
courtship, territorial, antipredator, and foraging exhibited by 
G. humeralis, suggesting that intrasexual selection in this 
species is an important factor. In addition, we hope our data 
can assist in future investigations on tradeoffs and the 
evolution of these behaviors in the species. 
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