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Abstract. Lizards exhibit a variety of anti-predator strategies, but the most commonly used is escape. In the
case of the lizard genus Teius they use mimesis with vegetation as a first strategy and escape as the second
tactic. These lizards are fast runners and can run even using only the hind legs. Here we present data on the
escape behaviour on Teius oculatus and Teius teyou in different environments. A total of 30 days of field work
were carried out in different areas of Paraguay during 2013 and 2014. We analysed a total of 103 records of
Teius teyou and 35 of T. oculatus. All individuals of T. oculatus kept a close distance to vegetation/shelters,
while T. teyou were more exposed to sight. Differences in foraging distances from the shelters between T.
teyou and T. oculatus are statistically significant (K=0.2952, p=0.9609). Approach distance was similar between
these two species (U=1687.5, Z=5.28, p<0.01), but usually T. oculatus allowed a closer approach distance. After
the first sprint (once a lizard was detected) T. oculatus almost always remained under the vegetation, while T.
teyou showed more diverse patterns of behaviour; there was a significant difference between the species
(x2=51.069, df=3, p<0.0001). These are the first records of escape behaviour in lizards of the genus Teius.
Knowledge of behaviour and habitat use can help addressing conservation actions in places with
anthropogenic alterations. In this case, T. teyou is a species adapted to forage near human dwellings and can
be even present in gardens. On the other hand, T. oculatus seems to be shyer, but is able to inhabit small
vegetation patches. Despite being two species living close to humans, the preservation of different kinds of

shelters may be required to maintain the suitability of the habitat.

Key words: approach distance, anti-predator strategy, lizards, shelter use, Paraguay.

Introduction

The most common anti-predator strategies used
by lizards are mimesis and escape (Cloudsley-
Thompson 1994). Nevertheless, there are complex
mechanisms involved in these tactics that depend
on whether the predator detects the prey and if
the prey is caught or not (Martins 1996). These
mechanisms are important because they represent
co-evolutive interactions between predator and
prey where natural selection plays a central role
(Schall & Pianka 1980). Because the costs of fleeing
could be high, sprints in lizards are observed only
when predators represent a serious threat (Burger
& Gochfeld 1990, Cooper 1997, Kramer & Bonen-
fant 1997, Martin & Lopez 1999). A high rate of
harassment by predators can lead to a higher shy-
ness and wariness by lizards (Stone et al. 1994).
Furthermore, like
vegetation can influence the escape behaviour in
lizards and therefore the interactions between
predator and prey (Bulova 1994, Downes & Shine
1998). The vegetation can provide a better shelter

environmental features

when it is dense and lizards flee from threats ear-
lier when vegetation is sparse (Martin & Loépez
1995). In some cases the lizard’s sprint perform-
ance depends on temperature (Waldschmidt &
Tracy 1983), improving with the increase in tem-
perature (up to a point). Reproductive state and
body size also seem to affect flee behaviour in liz-
ards (Bauwens & Thoen 1981, Martin & Lopez
2003). In conclusion, the escape behaviour in liz-
ards can vary depending on several factors.
Records of predators of Teius are scarce, but
include Speotyto cunicularia (Burrowing Owl), Mil-
vago chimango (Chimango), Oxyrhopus rhombifer
(False Coral Snake), Philodryas aestiva (Common
Green Racer), P. mattogrossensis (Miranda Green
Racer), P. patagoniensis (Patagonian Racer),
Erythrolamprus miliaris (South American Water
Snake), and E. poecilogyrus (Wied’s Groundsnake)
(Bruch 1925, Gallardo 1977, Carreira Vidal 2002,
Tejerina et al. 2005, Cabrera 2009, Weiler & Nufiez
2015). Nevertheless, probably several birds and
mammals use Teius as a potential dietary source.
With respect to the three species in the genus
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Teius no information is available on their defen-
sive behaviour. These diurnal lizards are excep-
tional runners and can often be observed basking
in the sun or searching actively for prey (mainly
arthropods) (Cappellari et al. 2007, Carreira &
Maneyro 2013). Teius were described as opportun-
istic feeders of any available invertebrate and oc-
casionally small vertebrates, carrion, and even
fruits (Hutchins et al. 2003).

The brown and green colouration of Teius
could be used for mimesis with the vegetation;
nevertheless, the lizard is vulnerable and easily
detected on vegetation-free grounds. Cei (1993)
stated that T. teyou is a good runner, running from
one shrub to another (occasionally in bipedal
manner) during the hottest hours of the day. Nev-
ertheless, Cacciali & Kohler (2014) reported that
the activity of this species decreases during hottest
hours (12:00-15:00) in the summer months (De-
cember-February); however, these authors also
observed crepuscular activity in T. feyou (i.e. in the
short twilight period after sunset and before dark-
ness)

There are some references about other Teii-
nae’s escape behaviours such as Ameiva ameiva
stating that this species always runs away when a
potential predator approaches close, but fre-
quently stops and continues slowly if the person
(or any other threat) remains motionless (Avila-
Pires 1995). Additionally, A. ameiva is very noisy
when moving through vegetation and its presence
can be inferred easily without looking directly at
the animal (Avila-Pires 1995).

Here we provide the first systematic field ob-
servation data on escape behaviour of Teius ocula-
tus and T. teyou from different localities of Para-

guay.
Materials and methods
Data collection

We carried observations on Teius oculatus and T. teyou,
two of the three species that compose the genus.
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Thirty days of field work were conducted in five dif-
ferent areas of Paraguay during 2013 and 2014 (Table 1).
In each area we actively searched for Teius along roads
(when available), trails, or paths, and also randomly
through the vegetation. Usually observations started
around 8:00 h when we performed an active search of liz-
ards at intervals of 1.5 to 2 hours. Daily observations fin-
ished around 20:00 h, depending on the climatic condi-
tions.

When individual Teius were detected they were dis-
criminated into categories depending on how far they
were from the closest bush. Categories were: <5cm, 6-
20cm, 21-50cm, and >51cm (Fig. 1). Their burrows might
not be necessarily in the closest bush, but shrubs and tall
grasses provide the first shelter for the lizards. Individu-
als observed crossing roads were not included in the
category >51cm, because roads were not always available
at the sites. Thus, only animals basking and foraging were
included.

21-50cm
=51cm

Figure 1. Schematic representation of categories or inter-
vals of distance from the lizards to the shelter (S).

Sometimes the lizards started to run before they were
seen, and thus it was not possible to assess the exact ap-
proach distance (distance at which lizards started to run
from the observer sensu Martin & Lopez 2000).

Based on preliminary observations we defined four
categories of activity once the lizard started to run:

1. Enter a shelter. The lizard runs straight into a ref-
uge. It is important to note that “enter a shelter” does not
necessarily imply entry of a burrow. Here, cover vegeta-
tion (usually the closest) is considered a first shelter, al-
though usually the burrow was in the closest shelter.

Table 1. Localities and dates of surveying and species studied in each area.

Locality Dates Location Coordinates Target species
Ttakyry 1 11-15.11.2013  District of Itakyry, Alto Parana 25°01'53"S, 54°59'33"W  Teius oculatus
ITtakyry 2 26-30.12.2013 District of Itakyry, Alto Parana 24°58'26”S, 55°03'42”W  Teius oculatus
San Rafael 27-31.01.2014 Distrito Alto Verd, Itapta 26°30'42”S, 55°47°20"W  Teius oculatus
Solito 16-20.12.2013 Near General Brugez, Presidente Hayes 24°17'27"S, 58°50'14”W  Teius teyou
Kumaré 17-21.12.2014 Near Asentamiento San Fernando, 22°53'51"S, 57°24’05”"W  Teius teyou
Concepcién
Laguna Blanca 02-06.01.2014 Near Santa Barbara, San Pedro 23°46'52"S, 56°17'29”"W  Teius teyou
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Figure 2. Localities sampled in this work. 1 and 2- Ita-
kyry, 3- San Rafael, 4- Solito, 5- Kumaré, and 6- Laguna
Blanca. White circles represent localities for T. oculatus,
and filled circles localities for T. feyou.
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Figure 3. Vegetation structure in each study area: A- Itakyry 1, B- Itakyry 2,
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2. Remain motionless. The lizard stops running in an
open area and remains there for some seconds before it
moves again.

3. Keep moving slowly. The lizard keeps moving to a
close shelter. This is a common strategy in runner lizards
(as described by Avila-Pires 1995, for Ameiva ameiva),
where the lizard continues to move away slowly.

4. Run again. The lizard sprints again after a short
stop, regardless if it changes the direction compared to
the first run.

Study areas
This study was performed in five different places (Table

1). Observations on Teius oculatus were performed in
study areas in southern and eastern Paraguay, whereas
data on T. teyou were collected in Chaco regions in north-
ern and north-western Paraguay (Fig. 2).

Below we present a description of each study area (satel-
lite images were obtained from Google Earth 7.1 accessed
on 10-Sep-2014):

1. Itakyry: Cerrado vegetation dominated by dwarf
palms and shrubs of no more than 1.5 m of height and
medium sized patches (up to 3 m) of forests (Fig. 3a-b)
developed over ferruginous (reddish) soils. The small
patches of native vegetation were mixed with abundant
parcels of culture fields (Fig 4a-b). In this area, two popu-
lations of Teius oculatus were analysed (Table 1).

2. San Rafael: This is one of the biggest patches of

iR

C- San Rafael, D- Solito, E- Kumaré¢, and F- Laguna Blanca.
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Figure 4. Landscape configuration in each study area. A- Itakyry 1, B- Itakyry 2, C- San Rafael,
D- Solito, E- Kumaré showing main headquarter in the upper right corner (red bar 100 m),
and F- Laguna Blanca. Yellow bars represent 500 m.

Alto Parana Atlantic Forest in Paraguay, having different
types of vegetation. Teius are present in an area of South-
ern Mesopotamian Grasslands, a formation of natural
grasslands mixed with tall forests (30 m), with the pres-
ence of many streams and flooding fields (Fig. 3c, 4c).
Forests were mainly stretched across reddish sandstones.

3. Solito: A typical Chaco environment with xero-
phytic and thorny forests with abundance of cactus and
bromeliads, and reduced herbaceous stratum (Fig. 3d).
Exotic grasses (for cattle farming) were also present (Fig.
4d). Soil consisted of poorly drained white clays.

4. Kumaré: Very variable vegetation, which was
rooted over reddish sandy soils or white clays (Fig. 4e). In
this case we observed populations in the farm’s head-
quarter, a very modified environment with human dwell-
ings and gardens (Fig. 4e), and in a pasture area with
patches of native vegetation constituted by dwarf palms
and some small shrubs (Fig. 3e). A small headquarter
(consisting of a small wooden ranch) was also present
here.

5. Laguna Blanca: This particular environment was a
confluence of Cerrado, Humid Chaco, and Alto Parana

Atlantic Forest, and possessed the only “true” lake in
Paraguay. Vegetation was diverse (patches of tall forests
mixed with shrubs and Cerrado flora) set over white sand
(Fig. 3f, 4f).

Data analyses
We generated a histogram of frequencies using the data

of the categories shown in Figure 1 (<5cm, 6-20cm, 21-
50cm, and 251cm), based on animals basking and forag-
ing. To estimate relationships among number of indi-
viduals and distance from the shelter, we performed a
non-parametric Kruskal-Wallis test, using individuals as
replicates and distance categories as group datasets.

We considered approach distance (Martin & Lopez
2000) as the shortest distance between the lizards and the
observer, before the lizards flee. We recorded the distance
between observer and the individual, and from the sam-
ple we recorded minimum and maximum approach dis-
tances for each species in each locality, and we generated
a box plot. We assessed normality in data and differences
in approach distances between both species with a Mann-
Whitney test in the Mann-Whitney U-Test Calculator of
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Table 2. Number of individuals of T. oculatus and T. teyou found in each locality, with number of in-
dividuals in each category of distance to the shelter or the nearest bush. Additionally, minimum
and maximum approach distances (AD, in m) are given for each species in each locality.

Distance from shelter

Species Locality N <5em 6-20cm 21-50cm  5lem<  AD
Teius oculatus 1 Itakyry 1 5 5 - - - 15-3
2 Itakyry 2 9 7 2 - 0 15-3
3  San Rafael 22 18 4 - 0 2-5
Teius teyou 4  Solito 53 3 9 17 24 3-7
5 Kumaré 18 2 3 6 7 2-7
6 LagunaBlanca 32 - 7 6 19 3-6
the website Social Science Statistics | %
(http:/ /www.socscistatistics.com). 50
We took absolute and relative number of lizards in
each category after the first run (see Data obtaining). Here “
we made a x2 test, with Yate’s correction to assess differ-
ences between both species with the software Past 3.05
(Hammer et al. 2001). J
10
0 <5cm 6-20cm 21-50cm 51cms

Results

We analysed a total of 103 records of Teius teyou
and 35 records of T. oculatus. All individuals of T.
oculatus kept a close distance from vegeta-
tion/shelters, and they were never more than 20
cm from it (Table 2). In contrast, T. teyou foraged
in bigger areas on vegetation-free ground and at a
greater distance to the shelters (Table 2). At La-
guna Blanca lizards of this species were seen up to
13 m from vegetation, and sometimes close to
tourists. The evident difference related to the dis-
tance from the shelter in both species is clear be-
cause T. oculatus has a negative correlation trend,
whereas T. teyou has a positive trend (Fig. 5). The
differences in foraging distances from the shelters
were statistically significant between T. teyou and
T. oculatus (K=0.2952, p=0.9609).

The approach distance was more similar be-
tween the two species than the distance to the
shelters. Nevertheless, the difference in the latter
is significant (U=1687.5, Z=5.28, p<0.01). Usually,
T. oculatus allowed a minimum approach distance
of 1.5 m. T. teyou started to run earlier when they
were further away from the shelter (Fig. 6). The
values are overlapping between 2 and 5 m.

After the first sprint T. oculatus almost always
remained under the vegetation (Table 3). The six
individuals that remained motionless were close
to some bushes. Teius teyou showed more diverse
patterns of escape behaviour. Most of them (53%)
ran to hide under vegetation cover (similar to T.
oculatus), although many lizards kept moving

Figure 5. Frequencies of individuals in each category of
distance from shelter. Blue bars represent T. oculatus
and red T. feyou.
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Figure 6. Box plot of minimum and maximum approach
distances (in m) for T. oculatus and T. teyou.

Table 3. Behaviour showed by lizards after the first run:
1- enter a shelter, 2- remain motionless, 3- keep moving
slowly, 4- run again. A: number of individuals, B: rela-

tive rate.
T. oculatus T. teyou
1 2 3 4 1 2 3 4
A 29 6 - - 5 7 36 5
B 82 18 - - 53 7 35 5
% % % % % %

slowly away (35%), often looking behind, and
usually reaching some cover, and a few individu-
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als stopped running and remained at uncovered
places or restarted running (Table 3). Statistically
there were significant differences between both
species in the behaviour shown after the first run
(x2=51.069, df=3, p<0.0001).

In Laguna Blanca and Kumaré lizards that
were far away from any available shelter, re-
mained motionless after the first run. Individuals
from Solito mostly showed the other three types of
escape behaviour (enter a shelter, keep moving
slowly, and run again). It is important to notice
that in Laguna Blanca many tourists are present
during the warm season that matches with the ac-
tivity period for Teius, and the lizards therefore
could be more habituated to anthropic activities.
Also, individuals from the surroundings of Ku-
maré were found in gardens or harvest fields of
human dwellings, and lizards were sharing their
habitat with poultry, cats, and dogs.

Discussion

Probably due to differences in vegetation prefer-
ences Teius oculatus was more difficult to detect
than T. teyou, which inhabits places with little her-
baceous stratum. In addition, T. feyou is more ex-
posed to sight as this species is found in more
open areas as compared to T. oculatus, and proba-
bly the constant presence of tourists in Laguna
Blanca made this population less shy than others.
Schulte II et al. (2004) found no relation between
morphology or vegetation shape and escape be-
haviour of Liolaemus lizards. They concluded that
species in exposed habitats, far from available ref-
uges, will rely more on crypsis than on speed
(Schulte II et al. 2004). However, both T. oculatus
and T. teyou have similar brown and green colour
patterns that are rather conspicuous when outside
the vegetation cover. Thus, lizards of the genus
Teius are more likely to use speed as the main
strategy against predation than crypsis.

Approach distance in the escape behaviour in
lizards is mostly conditioned by the presence of
predators (Cooper 2003, Diego-Rasilla 2003).
However, Cooper (2009) also found intraspecific
variation in the escape behaviour of the lizard Sce-
loporus virgatus, arguing that should be due to die-
tary differences. On the other hand, Ydenberg &
Dill (1986) showed that the approach distance in-
creases with the distance to the refuges. In this
study we did not observe predators, thus vegeta-
tion (or any available shelter) could be the only
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factor affecting approach distance in the different
populations of Teius. The effect of vegetation on
approach distance was also documented for liz-
ards of the genera Anolis (Regalado 1998, Cooper
2006), Lephognathus (Blamires 1999), and Aspidosce-
lis (Punzo 2007). In our study we found differ-
ences in approach distance between T. oculatus
and T. teyou with overlapping ranges between 2
and 5 m. As was stated above, T. oculatus inhabits
areas with denser vegetation than T. teyou, and it
was never observed farther than 20 cm from shel-
ter. Thus, in this case the vegetation plays an im-
portant role when considering approach distance,
and therefore escape behaviour. Lizards in more
exposed areas avoid a close approach distance.
Regalado (1998) found even intraindividual varia-
tion in approach distance since lizards can be
adapted to the presence of observers. This was the
case for the population in Laguna Blanca, where
individuals of T. teyou were found foraging close
to tourists. Recently Lattanzio (2014) evidenced
that adults of Ameiva festiva allow closer approach
distances than juveniles. We made no discrimina-
tion among age ranges, so we cannot confirm if
this is also the case for Teius.

After the first run, Avila-Pires (1995) stated
that Ameiva ameiva keeps moving slowly if the ob-
server remains motionless. We observed this for
some individuals of T. teyou; but the most com-
mon for Teius lizards is running to a shelter

Escape behaviour could have implications of
evolution (Fernandez et al. 2011). These authors
found that the southernmost sympatric lizards Li-
olaemus magellanicus and L. sarmientoi exhibit simi-
lar patterns in temperature dependence, but with
a lower performance in L. magellanicus, which
suggest a recent colonisation for this species, while
L. sarmientoi is more adapted to that environment
(Fernandez et al. 2011). In the case of Teius, both
species are mainly distributed in allopatry, with
sympatric zones in only some areas of their distri-
butions (Avila 2002). A better understanding of
the evolutionary history and biogeography of
Teius is needed to know if great differences in ex-
posure (distance from shelter while foraging) and
approach distance between T. oculatus and T. teyou
reflect adaptations to environmental factors. With
the available data, it is difficult to infer the coloni-
sation process in the genus Teius.

Understanding behaviour and habitat use also
has implications for conservation strategies. The
habitat alteration by humans has consequences on
the ecology of the lizards, and improved knowl-
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edge allows us to assess possible conservation
measures (Smith & Ballinger 2001). In this case, T.
teyou is adapted to forage near human dwellings
and can be even present in gardens. This might be
a good strategy to survive natural habitat loss. On
the other hand, T. oculatus seems to be more cau-
tious and avoids moving far from vegetation.
Nevertheless, the species is able to inhabit small
patches as observed in Itakyry 2 where a popula-
tion of T. oculatus was recorded in an area of ca.
462 km? (Fig. 4b). These facts provide evidence
that despite these two species coexisting with hu-
mans the preservation of different kinds of shel-
ters is required for their long-term survival.
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