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Tail waving in a lizard (Bassiana duperreyi) functions to deflect attacks rather
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Antipredator tactics that promote survival should be under strong selection. Therefore, apparently ‘risky’
behaviours should only be stably maintained in a population if they confer a fitness advantage. Here, we
experimentally examined the adaptive function of tail waving, an apparently risky antipredator behav-
iour in hatchling Australian three-lined skinks, Bassiana duperreyi, by determining the effects of running
speed, incubation temperature, sex and parental environment on the frequency of tail waving in
laboratory trials. We found that hatchling running performance predicted tail-waving behaviour inde-
pendent of the other factors, where slow individuals tail-waved more frequently than fast individuals.
These data support the hypothesis that tail waving functions to deflect predatory attacks towards the tail,
an expendable body part in this and other lizard species. Moreover, we suggest that tail waving in this
species occurs as a ‘last resort’ in response to fatigue. In addition, our results allow us to reject the
hypothesis that tail waving primarily functions as a pursuit-deterrent signal in hatchling B. duperreyi.
Deflection is likely to have been the ancestral function of antipredator tail displays in lizards, with pursuit
deterrence being a derived and less common function.
� 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Because individuals that do not successfully evade predators are
eliminated from the reproductive pool, there is strong selection on
traits, including behaviour, that promote survival through interac-
tions with would-be predators (e.g. Caro 2005; Vitt & Caldwell
2009). Both theoretical and empirical studies have revealed that
antipredator behaviour is frequently more complex than immedi-
ately fleeing and taking refuge when predators are detected.
Instead, prey appear to balance the need to flee against other fitness
benefits that require them to accept some exposure to risk (Ruxton
et al. 2004; Broom & Ruxton 2005; Stankowich & Blumstein 2005;
Cooper & Frederick 2007).

One strong pattern to emerge from field studies of behavioural
interactions between predators and prey is a positive association
between prey response and the intensity of threat that they
perceive (reviewed by Stankowich & Blumstein 2005). It is
surprising, therefore, that some species exhibit behaviours that

appear tomake themmore vulnerablewhen they are threatened by
predators. One possible explanation of these apparently ‘risky’
behaviour patterns is that they signal to would-be predators that
they have been detected and pursuit is futile, prompting predators
to abort attacks (pursuit-deterrent signalling; Ruxton et al. 2004).
Prey responses in some mammals (Holley 1993; Caro 1994, 1995),
birds (Woodland et al. 1980; Cresswell 1994), fish (Godin & Davis
1995) and lizards (e.g. Dial 1986; Hasson et al. 1989; Leal &
Rodriguez-Robles 1997; Cooper et al. 2004) have been hypothe-
sized to function as pursuit-deterrent signals. In lizards, displays
involving waving the front limbs (Cooper et al. 2004), or the raised
tail (Dial 1986; Hasson et al. 1989; Cooper 2007) have been sug-
gested as possible pursuit-deterrent signals. However, because tails
are not essential for survival in lizards (e.g. Cooper & Vitt 1985;
Doughty & Shine 1998; Vitt & Caldwell 2009), an alternative
function of tail waving by a threatened lizard could be that it
deflects attack to an expendable body part (Cooper 1998, 2001;
Hawlena et al. 2006). A deflective function of tail waving appears
especially likely in species having tail autotomy and conspicuous
tail coloration (Cooper & Vitt 1985; Cooper 1998, 2001).

As part of a larger study of reproductive life history in Australian
three-lined skinks, Bassiana duperreyi, we observed two different
responses to an experimental threat stimulus designed to prompt
lizards to run down a racetrack to measure sprint speed (Telemeco
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et al. 2010). When prodded, many lizards fled the entire track
distance. By contrast, other individuals ran only partway down the
track, paused, raised andwaved their tails, and then turned 180� and
sprinted towards (and frequently past) the threat stimulus. Here-
after we refer to the former response as ‘fleeing’ and the latter
response as ‘tail waving’ (see Shine 1995; Elphick & Shine 1998).
Similar behaviours have been reported in other scincid lizards
(Elphick & Shine 1998) and seen in hatchling B. duperreyi in the field
(M. Elphick, personal communication). Our measurements of sprint
speed allowed us to examine the frequency of these two responses
to the threat stimulus with respect to expectations under both the
pursuit-deterrence and deflection hypotheses. Tail waving as
a pursuit deterrent can only be evolutionarily stable if it honestly
signals to predators that the signalling individual (prey) has detec-
ted them and is capable of escape (Godin & Davis 1995; Ruxton et al.
2004). Therefore, under the pursuit-deterrent hypothesis, faster
individuals should exhibit the tail-wave response more frequently
when threatened because they have the highest probability of
outrunning predators. Alternatively, if tail waving functions to
deflect predator attacks to an expendable body part, slower indi-
viduals should give the display more frequently because they are
less likely to outrun predators and therefore should bemorewilling
to risk tail loss, which carries several potential costs (Arnold 1984a;
Bateman & Fleming 2009). Importantly, tail loss appears to incur
costs in all lizards; however, exact costs vary and can include loss of
energy stored in the tail and/or needed to regrow the tail, reduced
social status and reduced ability to sacrifice the tail in the future (e.g.
Congdon et al.1974; Arnold 1984a; Daniels et al.1986;Wilson 1992;
Medger et al. 2008; Bateman & Fleming 2009).

Because multiple factors may affect the frequency of tail waving
in lizards, we also examined the effects of sex, incubation thermal
regime and parental environment on the frequency of tail-waving
responses in hatchling B. duperreyi. We included sex (i.e. male/
female) as a factor in analyses because similar displays differ
between the sexes of some lizards (Bohórquez Alonso et al. 2010;
Eifler & Eifler 2010). Incubation temperature was included
because extensive previous work has demonstrated that conditions
during incubation strongly affect the phenotypes of juvenile
B. duperreyi (e.g. Shine et al. 1997; Flatt et al. 2001; Telemeco et al.
2010), including the frequency of tail waving (Elphick & Shine
1998). Finally, populations from diverse environments (high and
low elevation) were examined because these environments plau-
sibly house different suites of predators, which may differentially
select antipredator tactics in B. duperreyi hatchlings.

METHODS

Study Species and Collection Sites

The Australian three-lined skink, Bassiana duperreyi, is
a medium-sized (up to 80 mm snoutevent length, SVL) oviparous
lizard found throughout alpine habitats in southeastern Australia
(Cogger 2000). Like many lizards, B. duperreyi have autotomous
tails with fracture planes in the caudal vertebrae and specialized
musculature that allow their tails to easily break away from the rest
of the body with minimal bleeding/fluid loss (Arnold 1984a; Kuhn
et al. 2008; Vitt & Caldwell 2009). Although B. duperreyi are
abundant, individuals are secretive and little is known of their
natural history beyond the nest. Major predators of B. duperreyi are
thought to be snakes and possibly birds (Shine 1981; Downes &
Shine 1999). In particular, white-lipped snakes, Drysdalia coro-
noides, are abundant throughout B. duperreyi’s range and heavily
prey on these and other lizards (Shine 1981). More generally,
snakes are major predators of many ecologically similar lizard
species (e.g. Cooper & Vitt 1985; Mori 1990; Vitt & Caldwell 2009).

Females lay a single clutch of three to nine eggs early in summer
under rocks or logs in open areas exposed to high levels of solar
radiation (Shine & Harlow 1996). Oviposition is synchronouswithin
populations, and communal oviposition is frequent (Pengilley
1972; Radder & Shine 2007). Hatchling phenotypes are strongly
influenced by thermal regimes during incubation, both in the field
and in the laboratory, but not by hydric variation over the range of
soil water potentials recorded in natural nests (Shine et al. 1997;
Flatt et al. 2001).

We collected gravid females and eggs from the Brindabella
Range Mountains, 40 kmwest of Canberra in the Australian Capital
Territory. The area is dominated by eucalypt forest with occasional
open areas of snow-grass (Poa spp.) into which females migrate
each year for oviposition (Shine & Harlow 1996). Our collection
sites were three such open areas spanning approximately 430 m in
elevation. The low elevation site, Picadilly Circus (PC, 148�500E,
35�210S), was 1240 m above sea level, whereas the high elevation
sites, Mount Ginini (GN,148�460E, 35�320S) andMount Gingera (GG,
148�470E, 35�340S), were 1615 m and 1670 m above sea level,
respectively. These three sites occur along a north to south running
line with PC being northernmost, GN about 24 km south, and GG
about 6 km further south. Because of their similar elevation and
close proximity, for analyses we considered GN and GG to be
a single high-elevation population separate from the low-elevation
PC population (see Telemeco et al. 2010).

Egg Collection

From 9 October to 20 December 2007 (B. duperreyi reproductive
season, austral spring), we made 11 weekly collection trips (ca. 3
days each) into the Brindabella Range Mountains. During each trip,
we extensively searched each of our three sites for gravid female
lizards (determined by abdominal palpation) or recently oviposited
eggs (<1 week from oviposition, based on date of location and
subsequent incubation periods in the laboratory). Upon collection,
females and eggs were transported to the laboratory at the
University of Sydney (PC: N ¼ 3 females, N ¼ 8 nests, N ¼ 174 eggs;
GN: N ¼ 11 females, N ¼ 7 nests, N ¼ 192 eggs; GG: N ¼ 5 females,
N ¼ 3 nests, N ¼ 201 eggs). Eggs from natural nests were placed
directly into incubation treatments (see below), and females were
housed in cages (29.6 � 20.5 � 10.0 cm, L �W � H) suitable for
oviposition. These cages were provisioned with moist vermiculite,
shelter items and water ad libitum (Shine 2004; Radder et al.
2007). Lizards were fed live crickets (Acheta domesticus, approxi-
mately 2.0 cm long) dusted with vitamins every 3 days. To mimic
natural conditions, cages were placed in a room maintained on
a 12:12 h light:dark cycle and temperature was regulated using
heating elements beneath the cages (for details see Radder et al.
2008; Telemeco et al. 2010). All cages were inspected for eggs
twice daily.

Laboratory Experiments

For incubation, eggs collected from both natural nests (N ¼ 485)
and oviposited in the laboratory (N ¼ 82) were placed in individual
64 ml glass jars containing moist vermiculite (water
potential �200 kPa, to mimic natural nests of B. duperreyi) and
sealed with plastic food wrap to prevent evaporation (for details
see Shine & Harlow 1996; Flatt et al. 2001). Eggs from each nest/
clutch were selected randomly and placed inside one of three
incubators such that each incubator contained one-third of the eggs
from each nest/clutch. The three incubation regimes were
16 � 7.5 �C (mean ¼ 16 �C, cycles from 8.5, to 23.5 to 8.5 �C daily),
22 � 7.5 �C and constant 30 �C. The former two regimes mimic
natural nest temperatures at high and low elevation, respectively
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(see Telemeco et al. 2010), whereas the latter regime lies near the
thermal maximum for successful incubation in this species. Incu-
bator shelves were rotated each week to control for possible posi-
tion effects. We were unable to replicate incubators at each
temperature regime, but the extent of phenotypic variation
induced by differences between incubators is very small relative to
thermal treatment effects (Flatt et al. 2001).

Eggs were examined daily for hatching. At hatching, lizards
were sexed by manual eversion of the hemipenes (for details see
Harlow 1996) and housed in conditions identical to those of the
gravid females described above. At 7 days of age, we measured
hatchling running speed and escape behaviour at 24� 1.0 �C using
a 1 m raceway with photocells at 25 cm intervals (see Elphick &
Shine 1998). Hatchlings were allowed to equilibrate to room
temperature for 30 min, and were then placed at one end of the
raceway. An artist’s paintbrush was used to ‘chase’ the lizard
(always performed by R.S.T.), and we recorded the time that it took
lizards to travel each 25 cm interval, whether or not lizards tail-
waved, and the 25 cm section of the track (i.e. 1e4) in which tail
waves occurred. Each lizard was raced three times with a minimum
15 min rest between successive runs. An individual that tail-waved
on any of its three runs was given a score of 1, whereas a score of
0 was assigned to individuals that simply fled. For analyses, we
calculated a ‘sprint speed’ for each individual by averaging the
fastest 25 cm speeds from each of the three running trials. We
chose not to use mean 1 m or 25 cm speeds for analyses because
those individuals that tail-waved did not run the entire track and
therefore did not have the same number of measurements for
calculating these metrics. We further categorized individual
lizards as ‘fast’ or ‘slow’, by calculating the mean sprint speed for
all of the lizards (x � SE ¼ 0.459 � 0.006 m/s), and categorizing
those individuals whose sprint speeds were greater than the
entire group mean as ‘fast’ (N ¼ 167, x sprint
speed � SE ¼ 0.538 � 0.004 m/s) and those individuals whose
sprint speeds were less than this group mean as ‘slow’ (N ¼ 148, x
sprint speed � SE ¼ 0.369 � 0.005 m/s). At the end of the study, all
lizards were released at their sites of origin. This work was
approved by the University of Sydney Animal Ethics Committee
(L04/7-2007/3/4665), and collection permits were granted by the
New SouthWales National Parks andWildlife Service (S10826) and
the Australian Capital Territory Parks Service (LT2007253,
LI2007257 and LE2007160).

Statistical Analyses

We used the software program JMP 8 (SAS Institute, Cary, NC,
U.S.A.) and an alpha level of 0.05 for all analyses. We used nominal
logistic regression to examine the effects of elevation of origin,
incubation regime, sex and sprint speed (fast, slow) on whether or
not individuals tail-waved. All two- and three-way interactions
were included in this model. However, because the four-way
interaction was not significant (P ¼ 0.54), we removed it from
the final model. Individual hatchlings were the units of replication
for this analysis. We were unable to include possible maternal
effects because it was impossible to identify individual clutches
within natural nests. However, because we included a large
number of clutches in our analysis (>100, see below) and our
incubation treatments effectively resampled each clutch, con-
founding maternal effects should not have significantly affected
our results. Because logistic regression uncovered an effect of
sprint speed on tail waving (see below), we used a two-sample
t test to confirm that mean sprint speeds differed between
individuals that tail-waved and those that fled. Finally, we used
a chi-square analysis to test whether lizards tail-waved equally in
all track sections.

RESULTS

We collected 567 eggs from natural and laboratory nests. On
average, females in the laboratory produced a mean � SE of
5.1 � 0.38 eggs (range 2e8), whereas natural nests contained
a mean � SE of 26.9 � 4.60 eggs (range 5e74). From this informa-
tion, we estimate that each natural nest in our analysis contained
five to six clutches, on average, and we therefore examined
approximately 113 clutches. Fifty-six per cent (315 of 567) of the
incubated eggs hatched and survived to 1 week of age. This rela-
tively high level of mortality is not surprising given that two of the
incubation regimes were near the thermal extremes for successful
embryogenesis in B. duperreyi (Shine et al. 1995; Telemeco et al.
2010).

Nearly 17% of hatchlings (53 of 315) tail-waved (logistic regres-
sion whole model: c2

21 ¼ 36:79, P ¼ 0.0178, r2 ¼ 0.12). Logistic
regression revealed that slow individuals were more likely to tail-
wave (c2

1 ¼ 6:81, P ¼ 0.0091; Fig. 1a), and a t test confirmed that
individuals that tail-waved (x sprint speed� SE¼ 0.417� 0.013 m/s)
were slower (t313 ¼ 3.30, P ¼ 0.0011) than individuals that simply
fled (x sprint speed � SE ¼ 0.467 � 0.006 m/s). Hatchling sex also
influenced the incidence of tail waving (logistic regression:
c2
1 ¼ 3:90, P ¼ 0.0482), with males tail waving more frequently

(Fig.1b). Tail-waving behaviour of individualswas not influenced by
elevation of origin (logistic regression: c2

1 ¼ 1:50� 10�5,
P ¼ 0.9969; Fig. 1c) or incubation thermal regime (c2

2 ¼ 2:96,
P ¼ 0.2280; Fig. 1d). The only interactive effects to approach
significance that we observed on tail-waving frequency were
between elevation of origin and sprint speed (logistic regression:
c2
1 ¼ 3:72, P ¼ 0.0536), and elevation of origin, incubation regime

and sex (logistic regression: c2
2 ¼ 5:90, P ¼ 0.0524, all other inter-

action terms: P > 0.30). Lizards did not tail-wave equally in all track
sections (chi-square test: c2

3 ¼ 28:63, P < 0.0001); rather, tail
waving was more frequent in later sections than in early sections of
the racetrack (Fig. 2).

DISCUSSION

We found that slow-running hatchling B. duperreyi were more
likely to tail-wave than were fast individuals, independent of sex,
population of origin and incubation regime. Because selection
should only maintain a pursuit-deterrent signal if it honestly
conveys the ability of the signaller to escape (FitzGibbon &
Fanshawe 1988; Godin & Davis 1995), pursuit-deterrent signalling
should be limited to fast-running hatchlings. However, the fastest
hatchlings were the least likely to tail-wave. Therefore, it is unlikely
that tail waving functions as a pursuit-deterrent signal in this
species. Instead, our results support the competing hypothesis that
tail waving functions to deflect predatory strikes towards the
autotomous tail. This result accords well with studies of ecologi-
cally similar North American scincids (Cooper & Vitt 1985; Cooper
1998), in which wagging the tail effectively draws strikes from
snake predators towards the tail, which commonly breaks away
when struck. While the snake ingests the broken tail, the hatchling
lizard is able to escape. In addition to tail waving, hatchling
B. duperreyi rapidly reversed direction and ran back towards the
threat stimulus. Similar behaviours observed in other lizards
appear to misdirect the attention of predators (Arnold 1984b; Mori
1990). For example, in response to tail waving and reversal by the
lacertid Takydromus tachydromoides, pursuing snakes frequently
struck at the waving tail and continued pursuit in that direction,
allowing lizards valuable time to escape (Mori 1990). Because
snakes are probably the major predators of B. duperreyi (Shine
1981; Downes & Shine 1999), tail waving and reversing direction
probably function similarly in this species.
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Author's personal copy

The perception of cues that allow prey to accurately evaluate
gradations in the intensity of risk throughout encounters with
predators is expected to be under strong selection (Bouskila &
Blumstein 1992; Broom & Ruxton 2005; Cooper & Frederick
2007), because prey may respond to varied predation threats
differentially using tactics that vary in their inherent costs (e.g.
Schwarzkopf & Shine 1992; Broom & Ruxton 2005; Caro 2005). In
lizards, tail loss is costly (Doughty et al. 2003; Medger et al. 2008;
Bateman & Fleming 2009) and individuals should not sacrifice their
tails unless they are in imminent danger of capture. Plausible
external cues used by lizards to assess whether to tail-wave include

the distance between lizards and pursuing predators, the relative
speed with which predators close the gap between them, and
whether predators approach directly or from an angle (e.g. Cooper
2001; Stankowich & Blumstein 2005; Braun et al. 2010). However,
because our threat stimulus always involved approaching lizards
directly from behind while maintaining a constant distance
between the threat and the lizards, it is unlikely that variation in
escape responses was a consequence of variation in the intensity of
threat.

Alternatively, variation in evasive responses may be related to
variation in internal processes such as levels of muscle fatigue.
Individuals might flee until their muscles fatigue, at which point
they are forced to implement an alternative antipredator tactic.
Multiple lines of evidence suggest that this is a plausible hypothesis
for tail waving in hatchling B. duperreyi. First, we show that lizards
were more likely to tail-wave in later track sections than in early
track sections (i.e. after they had already run much of the track;
Fig. 2). In addition, Elphick & Shine (1998) found that B. duperreyi
that were incubated at nonoptimum high temperatures were more
likely to tail-wave than were individuals incubated at optimum
temperatures. Although not statistically significant, our results
revealed a similar pattern, with individuals incubated at both
thermal extremes tail waving more frequently than individuals
incubated at optimum temperatures (Fig. 1d). Because incubation
temperature has a strong effect on running performance in this
species (Shine et al. 1997; Elphick & Shine 1998), individuals
incubated at nonoptimal temperatures may fatigue faster than
individuals incubated at optimal temperatures. Elphick & Shine
(1998) also found that individuals were more likely to tail-wave
when they were younger and therefore smaller. When run
a constant distance, younger/smaller individuals are expected to
fatigue more readily, because they have proportionately further to
run than older/larger individuals. Given this evidence, it is plausible
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Figure 2. Number of tail-wave behaviours by Australian three-lined skinks, Bassiana
duperreyi (see Introduction for full description of this behaviour), observed in each of
the four 25 cm sections of a 1 m experimental racetrack.
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Figure 1. Effects of (a) running speed, (b) sex, (c) elevation of origin and (d) incubation thermal regime on the frequency of tail waving (see Introduction for full description of this
behaviour) in 7-day-old Australian three-lined skinks, Bassiana duperreyi. Different letters over adjacent bars indicate statistical significance (P < 0.05).
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that all B. duperreyi hatchlings would eventually tire and tail-wave
if run long enough.

In addition to running speed, we observed a marginally signifi-
cant effect of hatchling sex on the frequency of tail waving. One
possible explanation for this result is that males might fatigue more
readily than females. Sex effects on running performance have been
reported in B. duperreyi, withmales performingworse than females,
particularlywhen incubated at high temperatures (Shine et al.1995,
1997). Alternatively, males might tail-wave more frequently
because tail loss is less costly inmales than it is in females (Bateman
& Fleming 2009). Variation in adult body size affects fitness in
female B. duperreyi more than it does in males (Pengilley 1972;
Telemeco et al. 2010), and tail loss may decrease energy stores
that are available for growth (Bateman & Fleming 2009).

The importance of pursuit-deterrent signals remains controver-
sial across taxa (e.g. Caro 1995). Many studies have concluded that
displays givenbyprey function for pursuit deterrence solely because
their results do not support alternate hypotheses, and evidence that
displays actually influence the behaviour of predators is still fairly
scant (Caro 1995). For lizards specifically, experimental support for
pursuit deterrence is limited to six studies. Four of these involved
tail displays (Table 1), whereas the other two involved dewlap and
pushup displays (Leal & Rodriguez-Robles 1997) or waving the front
limbs (Cooper et al. 2004). Of these structures, only tails are

expendable and thus could potentially be used for deflection or
pursuit deterrence. There is a consistent difference in how these two
hypotheses have been tested in lizards that perform tail displays
(Table 1). All studies supporting the pursuit-deterrent hypothesis
are derived from simulated ‘predators’ (humans) slowly approach-
ing lizards in the field, whereas most studies supporting the
deflection hypothesis have involved exposing lizards to natural
predators in experimental arenas (Table 1). Ours is the only test of
the twohypotheses that used neither of these experimental designs.
Although this difference in experimental design may bias conclu-
sions and there are design flaws in some field tests of pursuit
deterrence (Cooper 2000), the available evidence suggests that tail
displays can serve either a deflection or pursuit-deterrent function.
Results of the present study and those of previous experiments
showing that predators frequently strike waving tails, allowing
lizards to escape, provide strong support for the deflection
hypothesis (e.g. Congdon et al.1974; Cooper &Vitt 1985;Mori 1990).
However, studies demonstrating that lizards only display when
predators are at intermediate distances, rather thanwithin striking
range, support the pursuit-deterrence hypothesis (e.g. Dial 1986;
Hasson et al. 1989; Cooper 2001; Bohórquez Alonso et al. 2010).

The phylogenetic distribution of studies supporting each
hypothesis suggests that pursuit deterrence may be a derived
function of tail display in lizards, whereas deflection may be

Table 1
Summary of studies examining the antipredator function of tail displays in lizards

Family/species Display Hypotheses Experimental
predator

Evidence Source

Iguanidae
Leiocephalus carinatus Laterally curl tail PD Human Displayed most frequently when

(1) lizards were close to refuge;
(2) predators approached directly;
(3) predators were at intermediate distances

Cooper 2001

Laterally curl tail D (A) NA Spontaneously displayed when in the open and no
predator apparent

Cooper 2001

Callisaurus draconoides Laterally curl striped tail
over head and wag

PD Human Displayed most frequently when predators approached
and when predators were at intermediate distances

Hasson et al. 1989

Cophosaurus texanus Laterally curl striped tail
over head and wag

PD Human Displayed when
(1) predator approached slowly, not rapidly;
(2) before and after but not during flight;
(3) when predators were at intermediate distances

Dial 1986

Lacertidae
Takydromus

tachydromoides
Rapidly thrash tail
horizontally

D Snake Displayed more
(1) in the presence of a predator than a nonpredator;
(2) when predators were at close range
Snakes oriented strikes towards waving tails. Lizards
that displayed had increased escape success

Mori 1990

Acanthodactylus
beershebensis

Vibrate bright tail
horizontally

D (A) NA Displayed before and after moving when no predator
was apparent

Hawlena et al. 2006

Scincidae
Eumeces fasciatus Vigorously wag bright tail

horizontally
D Snake Juveniles fled and thrashed their tails upon seeing a

predator. Only lizards that were bitten on the tail escaped
Cooper & Vitt 1985

Eumeces laticeps Vigorously wag tail horizontally;
bright tail in juveniles

D Snake and
human

Displayed when a predator was at close range, and then
after fleeing. Juveniles fled and thrashed their tails upon
seeing snake predators

Cooper & Vitt 1985;
Cooper 1998

Bassiana duperreyi Raise and wag tail rapidly D Paintbrush When chased, ‘slow’ lizards displayed more frequently
than ‘fast’ lizards

Present study

Gekkonidae
Coleonyx variegatus Raise and wave tail D Snake Displayed upon observation of predators. Tailed lizards

survived attacks better than tailless lizards
Congdon et al. 1974

Gonatodes albogularis Wave tail horizontally PD Human Displayed most frequently when
(1) predator approached;
(2) predators at intermediate distances. Lizards did not flee
immediately after display, nor did they display while moving
or after fleeing

Bohórquez Alonso
et al. 2010

Hypotheses shown are those supported by the original authors. PD: pursuit deterrence; D: deflection; D (A): anticipatory deflection, a special case of deflection where
individuals attempt to deflect attacks from predators that they have yet to observe. Snakes used as experimental predators were natural predators of the focal species. Bright or
patterned coloration of lizard tails is noted in the display description. Family classifications are from Vitt & Caldwell (2009).
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ancestral. Studies from each of the four lizard families for which
data are currently available support the deflection hypothesis
(Table 1, Fig. 3). Evidence for pursuit deterrence, however, is only
available for two of these families (Table 1, Fig. 3). Given the
phylogenetic relationships among these taxa (Fig. 3), the most
parsimonious conclusion is that deflection is the ancestral function
of lizard antipredator tail display and that pursuit deterrence arose
twice. While more data are needed, the evolution of pursuit
deterrence from deflection appears plausible. Lizards displaying
their tails to draw strikes from predators could have been selected
to display progressively earlier, thereby enabling predators to
‘learn’ that pursuit is futile if prey give that display.

Conclusions

Alternative antipredator tactics and their associated cues are
predicted to evolve whenever different predation threats are best
countered by different tactics (Kaveliers & Choleris 2001; Caro
2005; Stankowich & Blumstein 2005). We show that tail waving,
an alternative and potentially costly antipredator tactic, probably
functions in hatchling B. duperreyi to deflect attacks towards the
tail, an ‘expendable’ body part. We suggest that this behaviour is
used as a last resort when capture is perceived by lizards to be
imminent but direct flight is no longer possible as a consequence of
fatigue. Examination of previous studies of antipredator tail
displays suggests that tail waving can function either as a pursuit-
deterrent signal, or to deflect predatory strikes, although deflection
may be more common. Moreover, deflection may be the ancestral
function of tail display. Future studies should combine field
observations with arena trials, as well as test additional predictions
of the pursuit-deterrence and deflection hypotheses.
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