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Abstract

Defense behavior and tail loss in the endemic lizard Eurolophosaurus nanuzae
(Squamata, Tropiduridae) from southeastern Brazil. Defense behavior of the
endemic tropidurid lizard Eurolophosaurus nanuzae was studied in an area of rocky
outcrops at Serra do Cipd, Minas Gerais State, southeastern Brazil. Tail loss aspects
of this species were also studied in lizards from three populations (Diamantina, Serra
do Cip6, and Serro, Minas Gerais State, Brazil). Lizards relied primarily on crypsis
to avoid detection by predators. Secondary defense strategies involved a complex set
of behaviors. Mean maximum distance of flight was 1.68 + 1.70 m. When captured,
individuals attempted to flee, lifted the tail, produced distress calls, discharged the
cloacal contents, waived their tails, and bit. Frequency of tail autotomy was 13.2% (n
= 53) in Diamantina, 11.9% (n = 42) in Serra do Cipo, and 4.1% (n = 49) in Serro.
Tail autotomy frequency did not differ among the three populations (X? = 3.3, DF =
2, p=0.19). Tail autotomy did not vary between the years of the study (X2 = 1.32, p=
0.35) and did not differ between males and females among the studied populations.

Keywords: Squamata, Tropiduridae, Eurolophosaurus nanuzae, defense behavior, tail
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Introduction

Lizards are prey for a wide range of pre-
dators including fishes (Shepard 2005), snakes
(e.g. McKinney and Ballinger 1966, Germano
and Brown 2003), birds (e.g. Greene 1988,
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Trejo et al. 2003, Franga et al. 2004, Kokubum
and Zacca 2004, Smith and Engeman 2004),
mammals (e.g. Tuttle 1967, Lopez et al. 2003,
Wojnwski and Selempo 2005), invertebrates
(e.g. Bauer 1990, Glau et al. 2002, Hampton et
al. 2004), and other lizards (e.g. Rocha and
Vrcibradic 1998, Avila and Morando 2002,
Garcia-De-La-Pefia et al. 2003, Vargens et al.
2005), thus it is expected that they have a
variety of strategies to increase their chances of
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surviving an encounter with a predator (Rocha
1993). Behavioral mechanisms that prevent
predation are often linked to foraging mode of
lizard species. Active foragers use rapid running
as the primary defense behavior when they meet
a predator, whereas sedentary foragers rely
mainly on crypsis to avoid detection and run
only when threatened by a predator (Cooper
1994).

The ability to shed the tail is strongly
affected by phylogenetic history of lizards (Zani
1996). Many factors play arole in the measured
frequency of tail autotomy in lizards including
type of habitat and habits, frequency of intraspe-
cifc aggression, prevalence and type of preda-
tors, longevity of individuals, and sample size
and composition (Bellairs and Bryant 1985).
Tail autotomy is interpreted as an evolved
feature that allows escape from predators (Vitt
and Ballinger 1982, Arnold 1984). Lizard tails
may have important functions such as balancing
the body while perched (Ballinger 1973), storing
energy in the form of fat, and aiding in locomo-
tion (Vitt and Ballinger 1982). Additionally,
lizards with non-autotomized tails tend to
occupy dominant status in social hierarchies
(Martin and Salvador 1993). Thus, loss of part
of the tail may impose costs for lizards such as
reduced growth (Niewiarowski et al. 1997) and
impaired reproduction (Martin and Salvador
1993).

Lizard tail break frequencies may vary
between sexes and among populations. Sex
differences may be due to different social roles
of males and females in territorial species. In
this case males behave more conspicuously than
females, becoming more susceptible to a preda-
tory attack (Schoener and Schoener 1980), or
they may engage in agonistic conspecific
interactions that increase the chances of tail loss.
Habitat coverage may account for differencesin
tail break frequencies among lizard populations.
It is expected that lizards inhabiting open
habitats are more susceptible to a predator
attack then those inhabiting forest habitats, since
habitat complexity of close-forested areas may

provide additional refuges for lizards (Schoener
and Schoener 1980).

The small-sized tropidurid lizard Eurolopho-
saurus nanuzae occurs at altitudes above 1000
m in open vegetation typical of rocky field
habitats, locally known as “Campos Rupestres’
(Rodrigues 1981), along the Espinhago Moun-
tain Range, in eastern Brazil. This primarily
saxicolous lizard reproduces seasonally (Gal-
dino et al. 2003) and feeds mostly on termites
and ants (Kiefer 1998). Because speciesthat live
in open areas are normally under intense preda-
tor pressure (Greene 1988), we hypothesize that
E. nanuzae may have a wide variety of defen-
sive mechanisms. Our specific goals are to
describe the defensive repertoire of E. nanuzae
and to evaluate intersexual and interpopulational
patterns of tail autotomy.

Materials and Methods

Fieldwork was conducted in three localities
along the Espinhago Mountain Range, in Minas
Gerais State, southeastern Brazil: Diamantina
(18%25" S, 43°60° W), Serra do Cip6 (19°20" S,
43°40" W) and Serro (18°36" S, 43°23' W). At
these sites the habitat is dominated by a rocky
landscape (“ Campos Rupestres’) with the pre-
dominance of plant families Eriocaul aceae,
Velloziaceae and Melastomataceae (for a
detailed description see Giulietti et al. 2000).
Behavioral data were obtained for lizards at
Serra do Cip6 from April to August 2002, and
during January and February 2003. Data on tail
autotomy were acquired for lizards at the three
localities.

We systematically searched for lizards by
walking haphazardly through the habitat from
09:00 h to 16:00 h at Serra do Cip6. This period
comprises much of the activity time of E.
nanuzae at Serra do Cipé (CABG unpublished
data). When an individual was found we
recorded its initial behavior and substrate trying
not to disturb it. Then, one of us (CABG)
simulated a predator attack upon the individual
by suddenly moving in the lizard's direction.
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The same person, wearing similar clothes
(following Heatwole 1968, Martin and L Gpez
1995, 2000a, 2003), performed all approaches
during all observations to avoid confounding
effects that might affect the perception of lizards
(Burger and Gochfeld 1993). Next we recorded
the behaviors exhibited by the lizard using the
focal-animal sampling (Altmann 1974). After
the attacks, we recorded type of refuge or
substrate used by the lizard after flight (Bulova
1994). We also recorded the maximum distance
of flight (MDF) for 25 individuals by measuring
the distance covered by the lizard from itsinitial
position to its final position (i.e. the place it
stopped after being disturbed). All behaviors
exhibited during handling were recorded for ten
lizards captured by noosing.

Lizards were caught with rubber bands,
noose, or by hand in each locality in October
2001 and October 2002. They were euthanized
with ether and immediately fixed with formalin
10%. Prior to fixation we measured their snout-
vent length (SVL) with a caliper (to the nearest
0.1 mm), weighed them with an Acculab Ele-
tronic Balance (to the nearest 0.001g) and sexed
them. We examined all lizards for evidence of
tail regeneration. To analyze differences in the
frequency of tail autotomy among years we used
data collected during a mark-recapture study
carried out from June 2001 to December 2003.
Tail status was recorded only for the first time
those lizards were captured. Differences in the
proportion of tail-breaks between sexes, among
populations, and among years were tested using
chi-square tests (Zar 1999).

Results

Most individuals were initially found mo-
tionless on the substrate (rocks) (94.5%; N = 73)
or, in the case of juveniles, in grass (5.5%). The
primary defense mechanism observed by E.
nanuzae was lack of movement enhancing the
effects of cryptic coloration and disruptive
markings. Eurolophosaurus nanuzae has gray
background coloration with dorsolateral black
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bands and a disruptive mark in the ocular
region.

The secondary defense strategies used by E.
nanuzae at Serra do Cip6 involved a complex
set of behaviors. The majority of individuals ran
towards the vegetation (40.8%; N = 73), while
29.6% exploited crevices, 28.2% ran to other
rock when threatened and few used burrows as
refuge (1.4%). After fleeing a certain distance,
lizards frequently stopped and remained mo-
tionless again. The other behaviors observed
were tail waving (one individual) and tail
upstanding (three individuals). Mean MDF was
1.68 + 1.70 m (range from 0.15to 7.50 m, N =
25). For captured individuals the following
displays were recorded: flight attempts (N = 7),
tail upstand (N = 4), distress calls (N = 4),
cloacal discharge (N = 4), tail waving (N = 3),
and biting (N = 2).

We collected 163 E. nanuzae at the three sites
(58 females and 105 males). Twenty-one lizards
were not considered in the analysis because of
uncertainty in assigning the tail status. The fre-
guencies of tail autotomy were 13.2% (N = 53)
in Diamanting, 11.9% (N = 42) in Serra do Cip6,
and 4.1% (N = 49) in Serro. Tail autotomy fre-
quency did not differ among the three populations
(X2 = 3.3, DF = 2, p = 0.19). Tail brake did not
differ between sexes in each locality
(Diamantina: X2 = 119, p = 0.27; Serra do Cip0:
X2 =0.004, p = 0.94; Serro: X>=0.94, p=0.57)

During the mark-recapture study we collected
137 lizards of which 10.7% had broken/regene-
rated tails. Tail autotomy did not vary between
the years of the study (X? = 1.32, p = 0.35).

Discussion

As was expected for a sit-and-wait forager
species, E. nanuzae at Serra do Cipd relied on
crypsis as its primary defensive mechanism (e.g.
Cooper 1994). Crypsis is an effective mecha-
nism to prevent detection by predators. Because
movements disrupt the concealing effect
(Greene 1988), cryptic organisms should remain

motionless for as much time as possible.
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Similar to many other lizard species, E.
nanuzae escape from predators by running and
hiding into a refuge (e.g. Greene 1988, Rocha
1993, Bulova 1994, Diaz-Uriarte 1999, Martin
and L 6épez 1995, 2000a). However, some indivi-
duals run to the nearest boulder and rely on
crypsis again. Galdino et al. (2003) suggested
that one of the selective forces leading to a small
and relatively fixed clutch size in E. nanuzae
might involve the use of crevices as refuges.
However, the majority (68%) of sampled indivi-
duals of E. nanuzae did not hide in a crevice
when threatened. The use of crevices may pose
some costs for a lizard that would increase the
chances of being captured in a subsequent
predatory attack (see Martin 2001, Vitt et al.
2002). For example, the loss of visual contact
with the predator, as well as thermal costs, given
that refuges may have lower temperatures than
the open substrate (Martin and L6pez 2000b).
Thus the use of this kind of refuge may be
restricted to occasions when the costs of being
preyed upon outweigh costs of using crevices. If
thisisthe case for E. nanuzae, then factors other
than the use of crevices might determine rela-
tively low and fixed clutch size in this species.
Nevertheless, more studies are needed to eva-
luate this.

The freguency of tail autotomy of E. nanu-
zae in the present work is lower than that
reported by Van Sluys et al. (2002) for the Serra
do Cip6 population, where 27.8% of the indivi-
duals had broken/regenerated tails. Tail loss did
not differ between sexes, among populations, or
among years. It is known that males of territorial
species behave more conspicuously than females
(they have to scan its territory against intruders
and freguently engages in agonistic interactions
with intruders that may pose a risk of injury),
what increases the chances of injury due to a
predator attack or during agonistic conspecific
interaction (Schoener and Schoener 1980, Van
Sluys et al. 2002). Males and females of E.
nanuzae seem to defend an area of exclusive use
(Galdino and Van Sluys, unpublished data), thus
individuals of both sexes tend to be equally

susceptible to injury due to intra-specific
aggression or to predation pressure (Whiting
2002). It is expected that tail break frequencies
differ among populations due to differences in
habitat structure (Schoener and Schoener 1980).
The evenness of frequencies of tail autotomy
among the studied populations of E. nanuzae
may be addressed to the fact that the three
studied sites are open rock outcrops habitats.
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