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Increased tail length in the King’s skink, Egernia 
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Caudal autotomy is an adaptive, but costly, anti-predation strategy used by many lizard species. As predation risk 
varies with ontogenetic life stage, it can be predicted that the use of costly anti-predation mechanisms would also 
change if they are no longer required. Here we assess ontogenetic change in relative tail length and degree of caudal 
autotomy in the King’s skink (Egernia kingii), a large skink endemic to Western Australia. We found that younger 
individuals invested more in relative tail length compared to older individuals, with younger individuals also having 
a higher degree of their tail consisting of regenerated tissue. This appears to reflect an ontogenetic shift in the 
risk of predation for this species, with larger, more mature individuals capable of actively defending themselves 
against certain predator types and therefore decreasing their reliance on a costly anti-predation strategy compared 
to juveniles.
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INTRODUCTION

Many animals use specialized tactics to escape 
predators. Autotomy, the ability to shed part of the 
body to escape a predator, is an extreme example. This 
anti-predator trait is found across a multitude of taxa 
(Maginnis, 2006; Fleming et al., 2007). In particular, 
caudal autotomy – the shedding of part of the tail – is 
found in many squamates, including lizards, tuatara 
and some snakes (Arnold, 1988; Cooper & Alfieri, 
1993; Clause & Capaldi, 2006; Seligmann et al., 
2008). Lizards with advanced caudal autotomy ability 
possess breakage planes within a series of their caudal 
vertebrae (Etheridge, 1967; Bellairs & Bryant, 1985). 
Once autotomized, the tail regenerates with a rigid 
cartilage rod lacking autotomy planes in place of the 
vertebrae (Woodland, 1920; Alabardi, 2010). For the 

tail to be voluntarily shed again (e.g. following another 
predator attack), it would need to autotomize at a plane 
more proximal to the body (Arnold, 1984; Bateman 
& Fleming, 2009). Thus, it has been suggested that 
a longer tail could allow for more opportunities of 
autotomy and escape from predators than would be 
possible for individuals with shorter tails (Bateman & 
Fleming, 2009; Fleming et al., 2013).

The adaptive value of caudal autotomy is likely to 
be context-dependent as it can be energetically costly 
to regrow the tail (Vitt et al., 1977). The concept that 
larger species of lizard are more capable of defending 
themselves than smaller ones, and as a result may not 
need to rely on such extreme tactics as autotomy, was 
outlined by Arnold (1984). However, this is highly likely 
to depend on the individuals’ size in relation to their 
average predator, as well as their risk of predation, 
as indicated by Fleming et al. (2013). In their review, 
Fleming et al. (2013) reported that more gracile lizard 
species tend to have longer tails compared to robust 
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individuals, reflecting the prediction that investment 
in tails is influenced by potential predation pressure.

Additionally, anti-predation tactics, including 
caudal autotomy, can change ontogenetically (Barbosa 
& Castellanos, 2005; Creer, 2005). Adults often have 
fewer predators than juveniles due to an increase 
in body size, and/or the development of defensive 
weaponry, reducing the number of predatory taxa able 
to subdue them (Saporito et al., 2010; Stankowich, 
2012). Juvenile Balkan green lizard (Lacerta trilineata) 
are willing to rapidly drop their tails, but adults lose 
the ability (or at least their willingness) to autotomize 
their tail (Pafilis & Valakos, 2008). The use of autotomy 
as an anti-predation tactic for juveniles can be 
enhanced through redirection of predation attempts 
(Humphreys & Ruxton, 2018). Several species of lizard 
possess brightly coloured tails, or ‘motion dazzling’ 
patterns that help redirect predator attacks away from 
their bodies as juveniles, but as they mature, the colour 
fades to become uniform with the rest of the animal 
(Vitt & Cooper, 1986; Castilla et al., 1999; Fitch, 2003; 
Hawlena et al., 2006; Bateman et al., 2014; Murali & 
Kodandaramaiah, 2018). These colour changes may 
also be associated with behavioural changes. Juvenile 
lizards that forage in the open more than adults are 
more exposed to visual predators, and thus having a 
tail that is more brightly coloured than the body would 
be adaptive as part of the ‘risky decoy’ hypothesis 
(Bateman et al., 2014). Similarly, lizard species that 
actively forage also tend to have longer tails (Fleming 
et al., 2013). Therefore, just as investment in tail length 
as a defence mechanism may alter between species, 
we hypothesize that this should also be true for life 
stages: if it were adaptive to invest in a longer tail 
during the ontogenetic stages that are most vulnerable 
to predation, then tail length should be proportionally 
longer in juveniles than in adults in lizard species 
that rely on other defence tactics when they mature. 
This is particularly likely if both resource and energy 
allocation to different body parts for both growth and 
regeneration are costly (Barbosa & Castellanos, 2005). 
Here, we assess ontogenetic shifts in tail length and 
the prevalence of caudal regeneration in the King’s 
skink (Egernia kingii), to investigate potential shifts 
in anti-predation tactics between life stages.

The King’s skink is a large (up to 550 mm total 
length), uniformly coloured skink endemic to Western 
Australia (Storr, 1978; Cogger, 2014). At birth, 
individuals measure 60–80 mm with a mean mass of 
7 g. Individuals take approximately 5 years to mature, 
reaching a snout to vent length (SVL) of up to 244 mm 
(Storr, 1978) with an average weight of between 220 
and 360 g, resulting in a 30- to 50-fold increase in 
weight (Dilly, 2000; Arena & Wooller, 2003). Juveniles 
have been found to experience higher predation risk 
than adults (Aubret et al., 2004), and adults have 

been reported to actively chase and defend themselves 
against certain predators (Masters & Shine, 2003). 
For long-lived species, like E. kingii, where there is 
a change from relatively small, gracile juveniles to 
larger, robust adults, we hypothesize that there will 
be an ontogenetic change in investment in tail length 
that reflects predictions based on potential predation 
pressure and concomitant reliance on autotomy 
(Fleming et al., 2013). Specifically, we predict that:

 1. As E. kingii individuals grow, they will reduce their 
investment in their tail, such that adults will have 
proportionally smaller tails, reflecting reduced 
reliance on the tail as an anti-predator device 
through autotomy.

 2. If the adaptiveness of autotomy varies with life 
stage, this will be reflected in patterns of tail 
regeneration. That is, more adults will show evidence 
of regeneration than juveniles, due to a longer period 
of time available to them in which to lose tails, but 
will also have a lower relative proportion of their 
tail consisting of regenerated tissue, indicating that 
autotomy occurred when they were younger.

MATERIAL AND METHODS

We studied 300 preserved specimens from the Western 
Australia Museum. For each specimen, we recorded 
SVL, tail length (TL) and any regeneration length (RL) 
to the nearest millimetre using a flexible material tape 
measure. The incidence of regeneration (the proportion 
of samples with regeneration) was calculated for 
each age class, as was the proportion of regeneration 
(RL/TL). Mass was not recorded due to potential 
inaccurate measurements from preservation methods. 
Tail regeneration was identified from multiple 
morphological indications including evident colour 
change in a region of the tail, change in scale pattern 
of a caudal region or narrowing of a tail segment. 
Specimens that had their tail tip or part of the tail 
missing were excluded from analysis as this might 
reflect post-mortem tail loss. Individuals that had 
their complete (intact), original (without regeneration) 
tail were used to assess SVL and TL correlation, and 
their relative tail lengths (TL/SVL) were calculated for 
comparison between the age classes.

As E. kingii are long-lived species, individuals were 
classified into four age categories to comprehensively 
investigate ontogenetic changes: neonates (SVL 
60–80 mm), <2 years old (80 mm < SVL < 150 mm), 
2–4 years old (150 mm < SVL < 180 mm) and 
4+ years old (SVL > 180 mm), as indicated by Arena 
(1986). Egernia kingii lack evident secondary sexual 
characteristics; therefore, sex was determined from 
head width (HW) to SVL ratios for adults only 
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(SVL ≥ 185 mm) as indicated by Arena & Wooller (2003) 
for males (≥ 0.163) and females (≤ 0.154). A total of 24 
individuals fell between these ratios and as a result 
had their sex classified as unknown, and were not 
included in analyses when comparing the sexes.

All analyses were conducted in R studio v.1.1.383 (R 
Development Core Team, 2013). Linear models (LMs) 
were used to assess the effect of age class on relative 
tail length (TL/SVL) and correlation between SVL and 
TL for the age classes. Regression statistics for the SVL 
and TL model were acquired via the summary function, 
and residuals were extracted via the residual function. 
To understand if age classes had similar variation 
within their age groups, homogeneity of variance was 
assessed using a Levene test. Comparison of relative 
tail length between the sexes was assessed via t-test. 
General linear models (GLMs) were used to assess the 
influence of age class on the incidence of regeneration 
(binomial family) and the proportion of regeneration 
(Gamma family) and Wilcoxon tests were used to 
compare these measures between sexes.

P-values were derived using either F-tests (for 
LMs) or Wald chi-square tests (for GLMs), calculated 
using the function ‘Anova’ in the package ‘car’ (Fox 
et al., 2017). Differences between age groups were 
analysed using post-hoc Tukey tests via the ‘glht’ 
function in the package ‘multcomp’ (Hothorn et al., 
2017). The distribution of data was examined using 
frequency histograms, with residual and QQ plots for 
appropriateness of LMs and GLMs.

RESULTS

Body size and tail length correlations

Of the 300 E. kingii specimens assessed, 110 (36.7%) 
had a complete original tail, 130 (43.3%) showed 
evidence of regeneration and 60 (20.0%) were missing 
varying degrees of their tail (excluded from analysis). 
Of the 110 individuals with their intact, original tail 
a strong significant correlation between SVL and TL 
was observed, but this varied for the individual age 
classes (Table 1). Correlation strength increased from 
neonates to individuals < 2 years old, followed by a 

gradual decrease thereafter as the animals matured 
(Fig. 1). Residuals extracted from the linear model 
showed a significant difference in variation between 
the age groups (F = 25.6, d.f = 1, P < 0.001) (Fig. 3), 
with the 2–4 years and 4+ years age groups showing 
much greater variation than the neonates and the 
< 2 years age categories. Skink age classes differed 
significantly in their average relative tail lengths (TL/
SVL ratios) (F = 15.1, d.f. = 3, P < 0.001). The < 2 year 
olds (t = 6.291, P < 0.001) and 2–4 year olds (t = 2.96, 
P < 0.05) had significantly larger relative tail lengths 
compared to the 4+ age category, with relative tail 
length clearly decreasing as the animal matured 
(Fig. 2). There was no significant difference in relative 
tail length between adult males and females (t = −1.18, 
d.f. = 21.7, P = 0.251).

incidence and degree of regeneration

The incidence of regeneration was significantly different 
between age classes (χ2 = 54.0, d.f. = 3, P < 0.001) for the 
130 specimens that had regenerated tails. It increased 
with age, with a lower incidence of regeneration in the 
neonate and <2-year-old categories than the 2–4-year- 
old and 4+ years age categories (Fig. 4). Younger E. 
kingii had a larger proportion of their total tail length 
that comprised regenerated tissue compared to those 
of more mature skinks (Fig. 5); however, the difference 
between age classes was not significant (χ2 = 5.43, d.f. 
= 2, P = 0.143). There was no significant difference 
in the incidence of regeneration (W = 936, P = 0.124, 
N = 81) or the proportion of tail regenerated (W = 438, 
P = 0.319, N = 55) between males and females.

DISCUSSION

Our results suggest that there is an ontogenetic shift 
in relative tail length as E. kingii age, with younger 
individuals investing more in tail length, but that there 
is no difference between adult males and females. Our 
predictions that patterns of tail regeneration reflect 
ontogenetic variation in reliance on autotomy in 
E. kingii were also supported: younger individuals (not 

Table 1. Tail length and snout–vent length relationship equation, correlation and significance for Egernia kingii and 
their specific age categories as displayed in Figure 1

Age category Sample size Linear relationship Correlation (R2 value) R2 significance

All age classes 110 y = 1.06x + 27.2 0.838 P < 0.001
Newborn 23 y = 0.934x + 27.8 0.277 P < 0.001
< 2 years 34 y = 1.31x + 8.32 0.816 P < 0.001
2–4 years 20 y = 2.77x − 246 0.474 P = 0.001
4+ years 33 y = 1.23x − 14.6 0.206 P < 0.01
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Figure 2. Comparison of relative tail length [tail length 
(TL)/snout to vent length (SVL)] for different Egernia kingii 
age classes with intact tails (N = 110). The mean ± 95% 
confidence interval is shown with number of specimens in 
each age class (N). P-values are as indicated from a post-
hoc Tukey test of the model.

including neonates) had a larger relative proportion of 
the tail consisting of regenerating tissue than older 
individuals, with the overall incidence of regeneration 
increased as the animals aged. Regenerated tissue 
mainly accumulated within the first 2 years of life (only 
one neonate showed evidence of regeneration) and 
regeneration eventually plateaued. Although multiple 
factors can influence tail length and regeneration 
patterns (Vitt et al., 1977; Bateman & Fleming, 2009; 
Fleming et al., 2013), we suggest that this change in 
relative tail length and regeneration is most likely to 
be influenced by a change in predation risk during 
ontogeny, which we discuss below.

Egernia kingii ontogenetically change from small, 
gracile lizards to large robust ones (Arena & Wooller, 
2003). Arena (1986) found that after E. kingii reach 
maturity they go through a period of reduced SVL 
growth, but a marked rate of evenly distributed growth in 
body mass, resulting in a larger and more robust animal. 
As a result, adults seem to be large enough to actively 
defend themselves against some predators. Adult 
E. kingii have been recorded fighting with and chasing 
away both tiger snakes (Notechis scutatus) (Masters & 
Shine, 2003) and Rottnest Island dugites (Pseudonaja 
affinis exilis) (J. Barr, pers. obs.). Juvenile E. kingii are 
reported to experience higher predation risk than adults 
(Arena, 1986; Aubret et al., 2004), and are more likely to 
flee quicker from threats compared to adults (Masters 
& Shine, 2003; J. Barr, pers. obs.). Additionally, caudal 
autotomy is used as an anti-predation tactic in life, with 
minimal function and purpose until the individual is 

born (Moffat & Bellairs, 1964). Our data suggest that 
investment in tail length is most important within the 
first 2 years of their life for E. kingii, perhaps when they 
are most vulnerable, where use of autotomy would be 
most valuable. As they mature, ontogenetic increases 
in size and robustness may allow adult E. kingii to 
adopt more active anti-predation behavioural defence 
strategies, and as a result they may not need to resort to 
the costlier process of caudal autotomy.

However, once mature, E. kingii are still susceptible 
to some predators, and have been recorded in the 
stomachs of south-west carpet python (Morelia spilota 
imbricata) (Pearson et al., 2002). Although younger 
E. kingii individuals showed greater investment in 
their relative tail length than older skinks (Fig. 1), 
the residual data (Fig. 3) indicate that there is 
substantial variation in relative tail length among 
older individuals (4+ age class), with some individuals 
having longer tails than others. This variation in 
relative tail length among older individuals might 
reflect differences in predation risk between different 
environments; if some populations are exposed to high 
predation pressure from different types of predators 
once mature, caudal autotomy may still be used an 
effective anti-predation mechanism.

Predators of E. kingii include highly venomous 
elapids (Aubret et al., 2004), which use a combination 
of their highly potent venom and constriction to 
subdue their prey (Shine & Schwaner, 1985). In 
addition to active defence against such predators, 
E. kingii may also possess immunity to venomous 

Figure 1. Correlation between snout to vent length (SVL) 
and tail length for all samples (dashed line) and different 
Egernia kingii age classes (solid lines) with intact tails 
(N = 110). The shaded area represents the SVL range of 
skinks when they reach maturity (Arena & Wooller, 2003).

D
ow

nloaded from
 https://academ

ic.oup.com
/biolinnean/advance-article-abstract/doi/10.1093/biolinnean/bly196/5256373 by C

SIR
O

 C
entre for Environm

ent and Life Sciences user on 23 D
ecem

ber 2018



TAIL LENGTH AS AN ANTI-PREDATION TACTIC 5

© 2018 The Linnean Society of London, Biological Journal of the Linnean Society, 2018, XX, 1–8

predators. Three relatives of E. kingii (E. striolata, 
E. cunninghami and E. whitii) all have high resistance 
to large doses of sympatric snake venom, including 
the tiger snake (Notechis scutatus) and the eastern 
brown snake (Pseudonaja textilis) (Minton & Minton, 
1981). Lizards that escape venomous snakes may 
still receive a considerable dose of venom if bitten, 
but may have sufficient immunity to survive the 
encounter (Minton & Minton, 1981). The ontogenetic 

stage or mass of the test animals were not reported 
by Minton & Minton (1981), and therefore inference 
of ontogenetic resistance in lizard species could not be 
assessed. However, many elapids undergo ontogenetic 
shifts in their venom composition and potency, linked 
to dietary shifts, with saurophagous juvenile snakes 
having a more potent venom against lizards compared 
to adults, which have more generalist diets (Cipriani 
et al., 2017; Wolfe et al., 2018). If younger E. kingii are 
more susceptible to sympatric elapid venom, and have 
a reduced ability to struggle free, it would be adaptive 
to provide a larger relative tail target, directing the 
attack away from the body and allow the use of caudal 
autotomy to stop venom entering the bloodstream, and 
to escape from the predator.

Anti-predation mechanisms such as tail autotomy 
may also be used to escape conspecific aggression (Pafilis 
et al., 2009). For example, autotomy rates in two gecko 
species, Hemidactylus turcicus and Mediodactylus 
kotschyi, were positively correlated with gecko density, 
suggesting that increased intraspecific aggression was 
the main driver (Itescu et al., 2017). Reliance on tail 
autotomy and therefore investment in relative tail length 
may aid younger lizards of species that are subject to 
conspecific aggression. Skinks in the Egernia radiation 
(Gardner et al., 2008) range from solitary to highly stable 
family groups (Chapple, 2003). Although not studied in 
E. kingii, infanticide of young is known to occur in related 
group-living species such as E. stokesii (Lanham & Bull, 
2000; O’Connor & Shine, 2004). Egernia kingii is a group 
living lizard, with up to four adults sharing a common 
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Figure 3. Variation in the residuals of the relative tail 
length of Egernia kingii age classes with intact tails 
(N = 110) extracted from the linear model. The mean ± SD is 
shown with the number of specimens in each age class (N).
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Figure 4. Proportion of Egernia kingii specimens 
exhibiting regeneration for each age class. The mean± 95% 
confidence interval is shown with the number of specimens 
in each age class (N). P-values are as indicated from a post-
hoc Tukey test.
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for the age classes of Egernia kingii that exhibited caudal 
regeneration. The mean ± 95% confidence interval is shown 
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are not included; only one skink in this category showed 
evidence of tail regeneration.
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core home-range, in addition to multiple subadults and 
juveniles (Chapple, 2003; Masters & Shine, 2003; Barr, 
2016). Increased investment in relative tail length may 
help younger skinks to escape both from predators and 
from aggressive mature conspecifics.

Lizard tails can have a wide range of specialized 
functions, including in intraspecific competition 
(Murphy & Mitchell, 1974; Schall et al., 1989; Tsellarius 
& Tsellarius, 1997) and signalling (Johnson & Brodie, 
1974; Vitt & Cooper, 1986; Cooper, 2001), and can bue 
used for prehensile gripping (Losos et al., 1993). Tail 
specializations can also undergo ontogenetic changes; 
for example, several skink species have bright, 
conspicuously coloured tails as juveniles that appear 
to have a role in directing attacks toward the tail and 
away from the body (Cooper & Vitt, 1985; Hawlena 
et al., 2006; Pafilis & Valakos, 2008; Bateman et al., 
2014; Fresnillo et al., 2016). As the skinks mature, this 
deflecting coloration is lost. Although the original tails 
of E. kingii do not show a distinct contrast from their 
bodies, regenerated tails in juvenile E. kingii are much 
darker in colour than the intact parts (J. Barr, pers. 
obs.). As the individual and the regenerated portion of 
the tail matures, the distinct colour contrast appears 
to fade, resembling the colour of the original tail (J. 
Barr, pers. obs.). In juveniles, this distinct contrast, 
in both E. kignii and other species that exhibit 
similar contrasting regeneration, may act to redirect 
subsequent predator attacks towards the regenerating 
distal tail. This in turn would minimize the amount of 
remaining original tail that would be lost in subsequent 
attacks, contributing towards an adaptive economy of 
autotomy (Cromie & Chapple, 2013). However, further 
investigation is needed to identify if the contrasting 
colour of the regenerated portion aids in redirecting 
attacks away from their original tail, as seen in other 
lizard species.

In conclusion, our study of E. kingii indicates that 
they undergo an adaptive ontogenetic shift in tail 
investment, with greater use of caudal autotomy 
within the first 2 years of life. Individuals have a longer 
relative tail length when younger, which provides 
a larger target for predators to attack, and rely on 
caudal autotomy to allow escape. As they mature, they 
are more capable of active defence, having relatively 
shorter tails and are more able to escape predation 
events without relying on autotomy. However, this is 
likely to have a degree of plasticity, and be influenced 
by the type or diversity of predator(s) present in their 
environment (Pearson et al., 2002).
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