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Parental care protects against infanticide
in the lizard Egernia saxatilis (Scincidae)
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Reports of postpartum parental care in squamate reptiles (lizards and snakes) are rare and generally
anecdotal. We investigated parental care in black rock skinks, Egernia saxatilis, from southeastern Australia.
These lizards live in small family groups, with adults defending territories against conspecifics. Juvenile
lizards live within their parents’ territory and may thus be protected from infanticide. In staged encounters
in the laboratory, adults frequently attacked unrelated juveniles but not their own offspring, and the
parent’s presence significantly reduced the incidence of this infanticidal aggression. This protection arose
not through specific ‘parental’ behaviours, but because adults tended to ignore juveniles when another
(potentially threatening) adult was present. When two family groups were placed in the same enclosure,
one family rapidly became dominant over the other. Juveniles of the dominant family derived
thermoregulatory and foraging benefits from their parents’ status. Thus, some lizards do show postpartum
parental care, and may thereby significantly benefit their progeny via reduced risk of infanticide and better

access to thermal and nutritional resources.

© 2004 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Parental care can be defined as any behaviour by an
individual that appears likely to increase the fitness of its
own offspring (Clutton-Brock 1991). While mammals and
birds typically have prolonged associations between pa-
rents and their offspring, parental contributions to off-
spring viability have evolved in many phylogenetic
lineages of animals (e.g. Shine 1988; Van Schaik & Dunbar
1990; Abe 1998; Bhoopathy 1998; Annett et al. 1999;
Greene et al. 2002). In fact, the near ubiquity of parental
care in endothermic vertebrates makes it difficult to
develop and test hypotheses about the initial evolution
of parental care in these taxa.

The tight linkage between endothermy and parental
care may reflect adaptation, with the latter trait acting as
a selective force for the former (Farmer 2000). To clarify
this hypothesis and others like it, we need to understand
more about the forms (including costs and benefits) of
parental care in ectothermic terrestrial vertebrates. Many
fish and amphibians display complex parental behaviours
(e.g. Wells 1978; Bachmann 1984; Abe 1998; Annett et al.
1999; Burrowes 2000; Cook et al. 2001), but the closest
phylogenetic and ecological comparison to terrestrial
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endotherms comes from the reptiles. Parental care is
ubiquitous in crocodilians (reviewed in Shine 1988), un-
known in turtles (but see Barrett & Humphrey 1986;
Iverson 1990), and sporadically distributed in squamates
(lizards and snakes: Shine 1988; Somma 1990). Although
offspring disperse soon after hatching/birth in most
squamate species, a few taxa of lizards have longer-term
associations between offspring and their parents, in
particular their mothers (e.g. Xenosaurus newmanorum:
Lemos-Espinal et al. 1997; Cordylus cataphractus: Mouton
et al. 1999). Lizards thus offer an opportunity to examine
relatively simple forms of parental care, providing a robust
comparison with the more complex conditions in endo-
thermic vertebrates.

One hypothesis of particular interest is the idea that
infanticide has been a major selective force favouring
parental protection of offspring. Infanticide (killing of
juvenile animals by older conspecifics) is a significant
source of juvenile mortality in more than 1300 animal
taxa (Jenssen et al. 1989). Wolff & Peterson (1998)
suggested that female territoriality in semisocial mammals
may have evolved to protect young from such conspecific
infanticide (the ‘offspring defence’ hypothesis for the
evolution of territoriality).

The same arguments may apply to lizards. For example,
Jenssen et al. (1989) found that juvenile curly-tailed
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lizards, Leiocephalus. schreibersi, live entirely within the
home ranges of a single adult male and a single adult
female. Unfamiliar juveniles that enter the home ranges of
other adults are attacked, and in some instances consumed,
by resident adults. A case of territorial defence resulting in
indirect parental care was also observed in this species.

Similarly, the tropidurid lizard Liolaemus huacahuasicus
viviparous lives in groups consisting of one adult female, up
to 11 juveniles and sometimes an adult male (Halloy &
Halloy 1997). Adults defend a ‘family’ territory containing
the juveniles. Infanticide was observed in the laboratory,
and postpartum females assumed distinctive threat pos-
tures when an observer approached them and their young.

To test the ‘offspring defence’ hypothesis for the evolu-
tion of territoriality in reptiles, we need a species in which
the parent and offspring remain associated after birth or
hatching and where we can determine whether observed
adult-juvenile associations in the field are indeed parents
with their offspring. Australian scincid lizards of the genus
Egernia fulfil this condition: they show long-term stable
pair bonds and parent-offspring associations, and micro-
satellite primers are available that amplify across most
taxa. Offspring remain with their parents until the next
litter of young is born (e.g. E. whitii: Milton 1990) or for
even longer (up to several years: e.g. E. cunninghami,
E. stokesii and E. saxatilis: Gardner 2000; Gardner et al.
2001; Stow et al. 2001; O’Connor & Shine 2003). In-
triguingly, infanticide has also been observed in these taxa
(Bartlett 1981; Bruyn 1994; Lanham & Bull 2000; for
E. saxatilis, see below). In such a system, we can ask the
following questions. (1) Are juveniles threatened by in-
fanticide and if so, is this threat present throughout the
active season? (2) Do parents act differently (i.e. more
aggressively) towards unrelated juveniles than towards
their own offspring? (3) Does the parent’s presence en-
hance the fitness of its offspring and, if so, by what process
(e.g. protection against infanticide or access to resources)?

We have addressed these questions with experimental
studies on the black rock skink, E. saxatilis. Fieldwork has
shown that these lizards form stable ‘family’ units with
offspring remaining within the parental territory for up to
3 years (O’Connor & Shine 2003). Although these de-
scriptive data are essential to document the overall
patterns of association among individuals, they do not
enable robust tests of hypotheses about the putative
advantages of parental presence for juvenile lizards. To
conduct such tests, we captured lizards, brought them into
contact with each other in the laboratory, and monitored
the results of these staged encounters.

METHODS
Study Species and Area

Egernia saxatilis is a medium-sized viviparous skink (up
to 130 mm snout-vent length, SVL), found in rocky areas
throughout southeastern Australia (Cogger 2000). These
animals are primarily insectivorous, although larger speci-
mens also consume plant food during some seasons
(Brown 1991). During the active season (October to
March) the lizards emerge on warm days from their

overnight shelters (crevices beneath boulders and exfolia-
tions on rocky outcrops), to forage and to interact socially.
One to four offspring are born in late February/early
March (unpublished data).

Within our study population, some E. saxatilis live
singly but the majority are found in small nuclear family
groups: microsatellite parentage analysis confirmed that
the adults in these groups are the parents of the juveniles
that share their home range (O’Connor & Shine 2003).
Both adults and subadults chase and bite smaller individ-
uals in the field (personal observation). They also commit
infanticide in laboratory enclosures, killing juveniles (and
consuming smaller ones: personal observation). In the field,
we saw one intruding adult chase a juvenile only to be
chased off by the territorial parent of the juvenile. This ob-
servation suggests parental protection of offspring, but the
inference remains weak without experimental evidence.

We studied lizards on granite outcrops in the Kanangra-
Boyd National Park, Blue Mountains, New South Wales
(GR 150°03'E, 33°58'S) at an elevation of 1200 m above
sea level (for more detail see O’Connor & Shine 2003).
Permits were provided by the NSW National Parks and
Wildlife Service and the Animal Ethics Committee of the
University of Sydney. Lizards were captured by hand,
brought back to the laboratory and housed in the same
groups in which they had been captured. We classified
individuals as adult based on the minimum SVL at sexual
maturity (95 mm males; 100 mm females, from dissec-
tion: G. Shea, unpublished data). All animals smaller than
these sizes were classified as juveniles. All experiments
were completed within 2 months of capture. At the com-
pletion of observations all animals were released at their
point of capture. Where a family group had been brought
into captivity, all group members were released together.

Experimental Procedures

Lizards were housed in plastic bins (40 X 62 cm and
40 cm high) heated by a 60-W bulb suspended in the
centre of, and 10 cm above, the bin floor in a room kept at
25°C. Each bin contained a shelter crevice formed by two
terracotta tiles (20 X 20 X 1 cm). Heat lamps came on
daily from 0900 to 1700 hours. Each bin contained water
ad libitum, and food (crickets, cockroaches or cat food)
was added thrice weekly. All experiments were conducted
in similar bins, in one of two adjoining rooms, and were
run in the afternoon between 1200 and 1600 hours so
that animals could attain their preferred body temper-
atures before each trial. For trials involving mother-
offspring pairs, these juveniles were born in captivity in
late February/early March and housed with their mothers
in the same conditions as all other lizards. For other
groups (i.e. those where both adults and juveniles were
caught in the field), we used microsatellite loci to confirm
that the juveniles were the offspring of the adults with
which they were found (see O’Connor & Shine 2003 for
further details).

Interactions between lizards
Before the main experiments, we ran a series of pilot
studies (using different individuals to those used in the



trials reported below). In these we directly observed
individual trials (via a monitor connected to the video
camera) to ensure no animals were injured during the
aggression trials. In these pilots we intervened in all trials
after an aggressive act had taken place to check the health
of the animals. At most, they received superficial bite
marks. The only exception to this was in trials involving
juveniles, where juveniles occasionally lost parts of their
tails. From these pilots we determined that 15 min was
long enough for lizards to accustom themselves to the
enclosures and interact, but was short enough that any
aggressive interactions did not occur frequently enough
for the health of the animals to be affected. Juveniles that
had lost part of their tails were not used in any subsequent
trials. All animals were released in good health at the
completion of the trials.

To quantify the levels of aggression targeted towards
juveniles by conspecific adults, in the next series of trials we
placed an adult (either male or female) with an unrelated
juvenile and observed them (1) to quantify levels of aggres-
sion; and (2) to identify factors (adult sex, or the season
when trials were run) that affect these levels of aggression.

Within each category (adult male, AM, adult female, AF,
juvenile, J), lizards were randomly paired for trials, with
each pair of animals encountering each other only once.
Individuals collected together (and thus housed together)
were not tested against each other except for trials in
which we examined effects of group membership on
aggression (e.g. mother versus offspring). For identifica-
tion during trials, lizards were marked on the neck with
nontoxic short-term (<2 days) paint. To remove the effect
of territory status, we introduced the lizards to the
experimental enclosure in a random order within 1 min
of each other, so that both were on unfamiliar (and hence
neutral) territory. All encounters were videotaped for
15 min (see above), with minutes 3-12 scored for aggres-
sive interactions. Three types of interaction were scored in
each trial. (1) Bite: one lizard bites any portion of another.
Only the aggressor in an encounter was scored as having
taken a bite (i.e. if the bitten animal retaliated by biting
at the animal holding it, this was not scored as a bite).
(2) Chase: one lizard runs directly towards the other.
(3) Follow/Approach: lizard changes direction and walks
directly towards the other individual.

To generate an overall aggression score for each trial, we
summed the number of occurrences of each behaviour
multiplied by subjectively selected weightings (Bite X 4,
Chase X 1, Follow X 0.5) to reflect the level of agonistic
interaction involved. Varying these weightings did not
significantly alter the results presented below. We washed
bins with 70% alcohol between experiments and each
lizard was tested only once each day. We ran the following
sets of trials.

(1) To examine whether juveniles were under threat of
infanticide year round, we ran trials in October, January
and March 2001, encompassing the active season of the
lizards. Both the individuals used in trials and the trial
categories (AF versus J; AM versus J) were randomized
within and between trial days.

(2) To examine whether agonistic responses were mod-
ified by the presence of a parent, we ran trials with three
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animals rather than two (i.e. with mother—offspring pairs
plus one unfamiliar adult).

(3) To clarify influences on aggression levels, we ran
additional trials in which the same 15 mother-offspring
combinations were tested under different circumstances:
mother only, mother plus offspring, or offspring only
against (a) an adult male, (b) an adult female and (c) an
unrelated juvenile. For consistency, the same individual
within each of these latter categories was used for all trials
for any particular mother—offspring pair.

(4) As we found that unrelated adults directed less
aggression to juveniles if their mothers were also present
(see below), we conducted additional trials in which two
adults were present with the offspring but neither was
related to the younger animal. This experiment was
designed to test the possibility that the presence of an
additional adult (not necessarily the mother) somehow
redirected aggression away from the juvenile, indepen-
dently of ‘parental’ behaviour.

Interactions between groups

Pilot studies showed that if two pairs or family groups of
lizards (each consisting of an adult male and an adult
female, with or without their offspring) were brought
together in the same area, one pair remained active and
basked whereas the other group retreated to a shelter and
rarely emerged. Thus, in practice it was straightforward to
rate one of the groups as dominant and the other as
subordinate. We took advantage of this fact to see whether
juveniles from the dominant family benefited from their
parents’ status in terms of basking frequencies and
duration.

An oval arena (120 X 90cm and 38 cm high) was
constructed from pliable polystyrene sheets 1 mm thick.
In the centre of each half of the arena we suspended a
60-W bulb, 10 cm above terracotta tiles (20 X 20 X 1 cm)
arranged to form a crevice with a gap of 7 mm above floor
level at one end, sloping up to 17 mm at the other. These
tiles thus provided both shelter crevices and basking sites.
A third smaller tile (11 X 11 X 1 cm) was placed in the
centre of the arena, providing a 7-mm crevice large
enough to provide shelter for juveniles but not for adult
lizards. This ‘juvenile-only’ tile was added to protect
juveniles from adult aggression and possible infanticide.
No heating was provided above the juvenile-only tile.

On the night before a trial, two families (each consisting
of one adult male, one adult female and one of their
offspring aged between 2-3 months) were introduced to
the bin and placed under their respective family shelter
tile. Fach lizard was given a unique combination of paint
marks. In all trials families remained under their respective
tiles until 0900 hours the following day when the basking
lights above each tile were turned on. All trials were
recorded via time-lapse video recording for 16s per
segment with an interval of 4 min between successive
segments. Room temperature was set at a constant 25°C.
Trials ended at 1700 hours.

For each 16-s segment, we scored animals as: (1) basking
on a tile (if they remained completely on the tile for the
entire 16-s segment); (2) active (moving around the
arena); (3) sheltering (not visible); or (4) partially sheltered
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(head emerging from shelter). We also counted the
basking sessions (i.e. times the animal moved on to a tile,
remained for a minimum of one complete segment, then
later moved off) per animal. For analysis, all results
were calculated as percentages of the total number of
observations.

One of the families in each trial was defined as
dominant if (1) there was obvious aggression by adults
of one family against the second (eight cases), or (2) no
aggression was observed but adults of the ‘subordinate’
family spent most of the trial sheltering (three cases). Two
trials were excluded because no aggression was observed
and there was no significant difference in the basking rates
of adults from the two families.

To characterize the behaviour of juveniles in the same
arena when no unfamiliar adults were present, we ran four
trials using only one family. A further three trials were run
with no adults present; the arena contained only four
juvenile lizards, one of which was randomly selected for
comparison with the behaviour of juveniles in other trials.

To minimize stress to our experimental animals, we
monitored a pilot set of trials directly so that we could
intervene and stop trials if any animal appeared to be
under severe stress or in danger of actual injury. No such
outcomes were observed, so we conducted the experimen-
tal trials without any human presence. Inspection of
individuals after the trials did not reveal any detectable
injuries to any of the participants.

Data Analysis

Because some of the lizard interaction trials did not
evoke any agonistic behaviour, distributions for aggres-
sion scores contained many zero values and hence were
non-normally distributed. No transformation could re-
solve this problem, so we conducted nonparametric
analyses on the entire data set (i.e. including cases with
zero scores, probabilities corrected for ties). All analyses
were run using either Systat 9.0 (SPSS 1998) or Statview
5.0 (SAS Institute 1998). We used two-tailed statistical
tests.

Some individuals were used in more than one trial of
the same type (i.e. AM versus J) to investigate changes in
aggression over multiple trials, to assess the degree of
individual variation in level of aggression, or simply
because of logistical restrictions. The same two individuals
were never used against each other more than once. Our
analyses thus used the mean aggression score of each
individual for each trial type, to avoid pseudoreplication;
thus each individual contributes only a single score to any
given analysis. The text reports mean values +1 SE.

As the interactions were bidirectional, some of the trials
were used in more than one analysis. For example, where
two adults and a juvenile were present in the same trial,
we looked at the mother’s aggression towards the second
adult and also at the second adult’s aggression towards the
mother. Although the behaviour of one animal will
undoubtedly influence the other, this analysis provides
an accurate indication of the behaviour of the animal of
interest in the respective trial type.

RESULTS
Interactions between Lizards

Adult aggression towards juveniles

There were no significant differences in the amount of
aggression directed against juveniles by either sex (Mann-
Whitney test: Z = —0.559, Nremales = 97, Nuales = 46,
P = 0.58), or over the season (Kruskal-Wallis: both sexes:
H; =091, Noct =55, Njan = 26, Nyar = 62, P = 0.63;
females: H, = 2.02, Noct = 27, Njan = 21, Npyar = 49,
P=0.36; males: H;=0.52, Noc¢t=28, Npn=23,
Nyar = 13, P = 0.77; Fig. 1).

Attacks on own and unrelated juveniles

Adult lizards of both sexes were less aggressive to their
own offspring than they were to unrelated juveniles, but
owing to differing sample sizes this trend was statistically
significant only for females (Mann-Whitney test: females:
Z = -3.351, Nown = 50, Nunrelatea = 85, P < 0.001;
males: Z = —0.220, Nown = 7, Nunrelated = 29, P = 0.83;
Fig. 2).

Attacks on other lizards

Postpartum females showed similar levels of aggression
towards unrelated juveniles whether or not their own
neonate was present (aggression against unrelated juve-
nile: own neonate absent: 2.94 + 1.23; own neonate
present: 1.54 + 0.98; Mann-Whitney test: U = 144.5,
Npresent = 19, Napsent = 17, P = 0.52). Neither did the
presence of a mother’s offspring affect her level of
aggression towards the second adult (Mann-Whitney test:
Z = —1.003, Npresent = 38, Nppsent = 117, P = 0.32;
females: U = 629.5, Npresent = 19, Napsent = 67,
P = 0.94; males: U = 395.0, Npresent = 19, Napsent = S0,
P = 0.16; Fig. 3a). In fact, in the few cases where the
second adult attacked the juvenile during a trial, the
mother showed no obvious response.
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Figure 1. Mean aggression scores +1 SE of male and female black

rock skinks in paired laboratory encounters against juveniles in
October, January and March. Sample sizes are given above the bars.
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Figure 2. Mean aggression scores +1 SE of (a) female and (b) male
black rock skinks in laboratory encounters against related and
unrelated juveniles. Sample sizes are given above the bars.

Attacks by adults on mother

The presence of a juvenile decreased the amount of
aggression directed against the juvenile’s mother by the
second unrelated adult (Mann-Whitney test: U = 254.5,
Npresent = 22, Nppsent = 31, P = 0.022; Fig. 3b), although
this trend fell short of significance when the responses of
males and females were analysed separately (females:
U= 32.0, Npresent = 7, Nabsent = 13, P = 0.19; males:
U = 105.0, Npresent = 15, Napsent = 18, P = 0.06).

Attacks in presence of mother

Significantly less aggression was directed against a juve-
nile when its mother was also present than when it was
alone with an wunrelated adult (Mann-Whitney test:
Z = —4.596, Npresent = 57, Napsent = 118, P < 0.0001;
Fig. 4).The same pattern was observed in the paired trials
(Wilcoxon signed-ranks test: overall: Z = 2.54, N = 64,
P = 0.01; females: Z = 1.70, N =41, P = 0.09; males:
Z =196, N = 23, P = 0.05).

Attacks in presence of unrelated adult

In the trials in which we placed a juvenile with two
unrelated adults, the level of aggression directed at the
juvenile was intermediate between that in trials using
only one adult and those where the mother was also
present (Kruskal-Wallis: H, = 16.8, P < 0.0001; Fig. 4).
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Figure 3. Mean aggression scores +1 SE in black rock skinks in
laboratory encounters with (a) mother against second adult with and
without a juvenile present, and (b) second adult (unrelated to
juvenile) towards the juvenile’s mother with and without a juvenile
present. Sample sizes are given above the bars.

Pairwise comparisons of the ‘two random adult’ trials with
the ‘single adult’ and the ‘mother present’ trials both
approached statistical significance (Mann-Whitney test:
single adult comparison: Z = —1.764, Nsingle aquit = 118,
N3 random aduits = 25, P = 0.08; mother present: Z = —1.907,
Nuother = 57, N2 random aduts = 25, P = 0.06).

Interactions between Groups

When two families were placed in an arena together, the
juvenile from the dominant family basked for longer, and
more often, than did the juvenile from the subordinate
family (Wilcoxon signed-ranks test: time spent basking:
T =2,N =10, P < 0.01; number of times basking: T = 3,
N = 10, P < 0.02; Fig. 5a, b; all other behaviours showed
strong but nonsignificant trends with P < 0.20; time half
out of shelter: T = 10, N = 9; number of times half out:
T=1.5, N=6; time out basking: T =4, N = 6; time
under shelter: T = 10, N = 10; Fig. Sc-f).

Juveniles from dominant families behaved similarly to
juveniles in trials with only one family (the juvenile’s
parents) present, and to juveniles in trials where no adults
were present (Mann-Whitney test: all nonsignificant
except for neonates in the ‘juveniles only’ trials which
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Figure 4. Mean aggression scores +1 SE of black rock skinks in
laboratory encounters. The histograms show amounts of aggression
directed at juveniles by unrelated adults when the juvenile was alone
with an unrelated adult, alone with two unrelated adults, and when
its mother was present as well as the second adult. Sample sizes are
given above the bars.

spent less time sheltering than did juveniles in trials
with their parents: U= 0, N2 famities = 11, Njuv onty = 3,
Njuv+parents = 4, P < 0.03). Juveniles from subordinate
families spent most of their time hidden in shelters rather
than active or basking (versus juveniles in trials with only
their own family present: time spent basking: U = 0,
N; =N, =11, P=0.003; number of times basked:
U=0, N; =N, =11, P=0.003; time spent out active:
U=7, Ny =N, =11, P <0.015; time spent half out of
shelter: U = 10.5, N; = N, = 11, P = 0.12; times half out
of shelter: U= 10, N; = N, = 11, P = 0.08; time in shel-
ter: U= 1, N; = N, = 11, P = 0.007; Fig. 5).

DISCUSSION

To show unequivocally that a species exhibits parental
care, we need to show that offspring benefit from the
parent’s activities, and that parents perform such activities
selectively towards their own offspring rather than to
other (unrelated) offspring. Using these criteria, our study
provides the first clear demonstration of parental care for
any squamate reptile. The benefits of parental care for
E. saxatilis may be complex, involving access to resources
such as thermoregulatory and feeding opportunities, but
the primary mechanism by which such advantages were
conferred in our study involved protection against attack
from other lizards.

Adult E. saxatilis showed frequent aggression towards
conspecifics, attacking juveniles as well as other adults. In
captivity at least, juveniles that accidentally trespass into
a cage containing another family group are quickly killed
(and often eaten; personal observation). Adult females
were less aggressive towards their own offspring than

towards unrelated juveniles, and our data suggest (al-
though they do not demonstrate) that males show the
same tolerance of their own offspring. Because adult
skinks often move widely around the outcrop well outside
the boundaries of their own territories (unpublished data),
juveniles undoubtedly encounter unrelated adults. Limit-
ed field observations of aggression by adults towards
juveniles probably reflect such encounters. As parents
tolerate their own offspring, however, a juvenile inside
its parents’ territory will experience far fewer risky en-
counters with unrelated adults. Even if a stranger enters
the territory, the parents’ presence provides substantial
protection to the young lizard.

The mechanism of this protection is indirect. That is,
parents did not behave differently when their offspring
was present (even when it was being attacked); their sole
‘parental’ behaviour was tolerance of the juvenile’s pres-
ence. Thus, the protection conferred by parental presence
was due to adult skinks virtually ignoring any juveniles
when another unrelated adult was nearby (as demonstrat-
ed by the ‘two unrelated adults’ trials). Given the highly
aggressive nature of these animals, that reduced level of
aggression towards juveniles presumably reflects the ten-
dency for the two adults to focus on each other rather
than on a smaller, less threatening, adversary. Despite the
indirect nature of this interaction, the end result is
effective parental protection of offspring.

One could argue that in such an indirect system,
a juvenile would also benefit if the two adults close to it
were unrelated animals. However, this situation is un-
stable. As soon as one of the adults leaves (perhaps
because of agonistic interactions with the other), the
remaining adult is likely to attack the juvenile. Thus, it
is only the juvenile’s parents, the only adult lizards not
likely to attack it, that confer some measure of security for
the young animal.

As black rock skinks live in ‘nuclear families’ (O’Connor
& Shine 2003), many of the potentially dangerous
encounters for a juvenile lizard occur not as a result of
meeting wide-ranging adult ‘strangers’, but in conflicts
with the adults from family groups occupying neighbour-
ing territories. Family-level dominance hierarchies played
a critical role in these interactions in this study: one
family (including its juveniles) continued to behave
normally (basking, feeding, etc.), whereas the other family
retreated to shelter. Despite the presence of unfamiliar
adults in our ‘two families’ trials, juveniles from dominant
families spent most of their time basking or exploring the
enclosure, and little time sheltering. Thus, parental pro-
tection against conspecific aggression has both direct
fitness benefits to the offspring (they are less likely to be
injured or Kkilled by infanticidal conspecifics) and indirect
benefits (opportunities to bask, feed, etc.). Food supply
and basking opportunities can substantially affect fitness-
related traits such as growth rates and escape speeds
(Crowley & Pietruszka 1983; Sinervo 1990; Mautz et al.
1992; Autumn & De Nardo 1995; Niewiarowski 2001).

In common with a number of other lizard species
(e.g. Scincella lateralis: Akin 1998; Abronia vasconcelosii:
Formanowicz et al. 1990), E. saxatilis males are
more aggressive than females and win most aggressive
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Figure 5. Behaviour of juvenile black rock skinks in paired laboratory encounters. The histograms show mean proportion of observations +1 SE
for behaviour of juveniles in the juvenile only (N = 3), juvenile plus own parents (N = 4) and paired two family trials (N = 11).

interactions between the two sexes (unpublished data).
Thus, adult females are unlikely to be able to defend their
offspring successfully against attacks by males, nor is it
probable that they would confront male intruders. In such
situations, females may protect offspring from male in-
fanticide by strategies such as multiple mating (Agrell
et al. 1998) or the formation of pair bonds with territorial
males. Although multiple mating within E. saxatilis occurs
at similar rates to that found in related species (ca. 20% of
clutches show some form of multiple paternity; O’Connor
2003), the rate of extragroup multiple paternity is signif-
icantly lower (7%; O’Connor 2003), suggesting that pair
bonding is a more important strategy within E. saxatilis
than multiple mating. Paired males then protect juveniles
against infanticide by excluding male intruders from the
family territory.

Protection from male conspecific infanticide is thought
to be the primary selective force in the evolution of year-
round male—female associations in primates (Van Schaik &
Kappeler 1997). Long-term pair bonding is unusual
among reptiles, albeit with occasional records from several
lineages (e.g. Chamaeleo hoehnelii: Toxopeus et al. 1988).
The Australian scincid lineage Egernia is exceptional in
this respect, with long-term pair bonding apparently the
rule rather than the exception (e.g. E. cunninghami: Stow
et al. 2001; E. stokesii: Gardner et al. 2002; Tiliqua rugosa:
Bull 1988, 1994). Egernia saxatilis also form long-term pair
bonds with the same individuals, breeding together for up
to 3 years, and possibly longer (O’Connor & Shine 2003).
Our field study showed that these lizards form pairs even if
no offspring are present (O’Connor & Shine 2003). Once
pair bonding has evolved, tolerating offspring within the
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parental territory may entail few additional costs but
substantial benefits. Such protection by adult pairs thus
meets the requirements of the offspring defence hypoth-
esis for the evolution of territoriality.

If this behaviour provides the benefits detailed above,
why do not all black rock skinks live in family groups? In
reality, our study population of E. saxatilis displays a range
of sociality with some juveniles living singly, some in
small ‘juvenile only’ groups and most others in family
groups (O’Connor & Shine 2003). Resource limitation
may curtail the numbers of family groups. For example,
many territories that contain ideal (large) crevices for
adult lizards do not have any small (juvenile-sized)
crevices nearby. Partitioning of food resources is less
likely, given that the species is a generalist insectivore,
but none the less some territories may be dispro-
portionately suitable in this respect for either juveniles
or adults, but not both groups. The wide variation in
social structure both within and between Egernia species
(Chapple 2003) provides immense opportunities to
explore such issues.

Acknowledgments

The study was funded by grants to R.S. from the Australian
Research Council and to D.O.C. by the Peter Rankin Trust
Fund for Herpetology, Ethel Mary Read Research Grants
and the Joyce W. Vickery Scientific Research Fund.

References

Abe, N. 1998. Parental care and social organization of the spiny eel,
Aethiomastacembelus platysoma, in Lake Tanganyika. Environmen-
tal Biology of Fishes, 52, 271-280.

Agrell, )., Wolff, J. O. & Ylonen, H. 1998. Counter-strategies to
infanticide in mammals: costs and consequences. Oikos, 83,
507-517.

Akin, J. A. 1998. Intra- and inter-sexual aggression in the ground
skink (Scincella lateralis). Canadian Journal of Zoology, 76, 87-93.

Annett, C. A., Pierotti, R. & Baylis, J. R. 1999. Male and
female parental roles in the monogamous cichlid, Tilapia
mariae, introduced in Florida. Environmental Biology of Fishes, 54,
283-293.

Autumn, K. & De Nardo, D. F. 1995. Behavioral thermoregulation
increases growth rate in a nocturnal lizard. Journal of Herpetology,
29, 157-162.

Bachmann, M. D. 1984. Defensive behavior of brooding female
red-backed salamanders (Plethodon cinereus). Herpetologica, 40,
436-443.

Barrett, S. & Humphrey, J. 1986. Agonistic interactions between
Gopherus agassizii (Testudinidae) and Heloderma suspectum.
Southwestern Naturalist, 31, 261-263.

Bartlett, R. D. 1981. Notes on Egernia cunninghami kreffti, an
Australian skink. British Herpetological Society Bulletin, 4, 36-37.
Bhoopathy, S. 1998. Incidence of parental care in the cockroach
Thorax porcellana (Saravas) (Blaberidae: Blattaria). Current Science,

74, 248-251.

Brown, G. W. 1991. Ecological feeding analysis of south-eastern
Australian scincids (Reptilia: Lacertilia). Australian Journal of
Zoology, 39, 9-30.

Bruyn, M. J. 1994. An investigation of group living in Egernia whitii,
a possible example of sociality in lizards. Honours thesis, University
of Tasmania, Hobart.

Bull, C. M. 1988. Mate fidelity in an Australian lizard Trachydosaurus
rugosus. Behavioral Ecology and Sociobiology, 23, 45-50.

Bull, C. M. 1994. Population dynamics and pair fidelity in sleepy
lizards. In: Lizard Ecology: Historical and Experimental Perspectives.
(Ed. by L. J. Vitt & E. R. Pianka), pp. 159-174. Princeton, New
Jersey: Princeton University Press.

Burrowes, P. A. 2000. Parental care and sexual selection in the
Puerto Rican cave-dwelling frog, Eleutherodactylus cooki. Herpeto-
logica, 56, 375-386.

Chapple, D. 2003. The evolution of complex sociality in reptiles:
a review of ecology, life-history and behavior in the Australian
scincid genus Egernia. Herpetological Monographs, 17, 145-180.

Clutton-Brock, T. H. 1991. The Evolution of Parental Care. Princeton,
New Jersey: Princeton University Press.

Cogger, H. G. 2000. Reptiles and Amphibians of Australia. Frenchs
Forest, New South Wales: Reed New Holland.

Cook, C. L., Ferguson, J. W. H. & Telford, S. R. 2001. Adaptive
male parental care in the giant bullfrog, Pyxicephalus adspersus.
Journal of Herpetology, 35, 310-315.

Crowley, S. R. & Pietruszka, R. D. 1983. Aggressiveness and
vocalization in the leopard lizard (Gambelia wislizennii): the
influence of temperature. Animal Behaviour, 31, 1055-1060.

Farmer, C. 2000. Parental care: the key to understanding
endothermy and other convergent features in birds and mammals.
American Naturalist, 155, 326-334.

Formanowicz, D. R. }., Brodie, E. D. . & Campbell, J. A. 1990.
Intraspecific aggression in Abronia vasconcelosii Sauria Anguidae
a tropical arboreal lizard. Biotropica, 22, 391-396.

Gardner, M. G. 2000. A genetic investigation of sociality in the
Australian group living lizard, Egernia stokesii. Ph.D. thesis, Flinders
University of South Australia, Adelaide.

Gardner, M. G., Bull, C. M., Cooper, S. ). B. & Duffield, G. A.
2001. Genetic evidence for a family structure in stable social
aggregations of the Australian lizard Egernia stokesii. Molecular
Ecology, 10, 175-183.

Gardner, M. G, Bull, C. M. & Cooper, S. ). B. 2002. High levels of
genetic monogamy in the group-living Australian lizard Egernia
stokesii. Molecular Ecology, 11, 1787-1794.

Greene, H. W., May, P. G., Hardy, D. L. S., Sciturro, J. M. & Farrell,
T. M. 2002. Parental behavior by vipers. In: Biology of the Vipers.
(Ed. by G. W. Schuett, M. Hoggren, M. E. Douglas & H. W.
Greene), pp. 179-205. Eagle Mountain, Utah: Eagle Mountain
Publishing.

Halloy, M. & Halloy, S. 1997. An indirect form of parental care
in a high altitude viviparous lizard, Liolaemus huacahuasicus
(Tropiduridae). Bulletin of the Maryland Herpetological Society, 33,
139-155.

Iverson, J. 1990. Nesting and parental care in the mud
turtle, Kinosternon flavescens. Canadian Journal of Zoology, 68,
230-233.

Jenssen, T. A., Marcellini, D. L., Buhlmann, K. A. & Goforth, P. H.
1989. Differential infanticide by adult curly-tailed lizards, Leioce-
phalus schreibersi. Animal Behaviour, 38, 1054-1061.

Lanham, E. & Bull, C. M. 2000. Maternal care and infanticide in the
Australian skink, Egernia stokesii. Herpetological Review, 31, 151-152.

Lemos-Espinal, ). A., Smith, G. R. & Ballinger, R. E. 1997.
Neonate—female associations in Xenosaurus newmanorum: a case
of parental care in a lizard? Herpetological Review, 28, 22-23.

Mautz, W. J., Daniels, C. B. & Bennett, A. F. 1992. Thermal
dependence of locomotion and aggression in a Xantusiid lizard.
Herpetologica, 48, 271-279.



Milton, D. 1990. Genetic evidence for sympatric differentiation
between two color morphs of the skink Egernia whitii. Australian
Journal of Zoology, 38, 117-130.

Mouton, P. I. F. N., Flemming, A. F. & Kanga, E. M. 1999.
Grouping behaviour, tail-biting behaviour and sexual dimorphism
in the armadillo lizard (Cordylus cataphractus) from South Africa.
Journal of Zoology, 249, 1-10.

Niewiarowski, P. H. 2001. Energy budgets, growth rates, and
thermal constraints: toward an integrative approach to the study
of life-history variation. American Naturalist, 157, 421-433.

O’Connor, D. 2003. The evolution of sociality in the black rock skink,
Egernia saxatilis. Ph.D. thesis, University of Sydney.

O’Connor, D. & Shine, R. 2003. Lizards in ‘nuclear families’: a novel
reptilian social system in Egernia saxatilis (Scincidae). Molecular
Ecology, 12, 743-752.

SAS Institute. 1998. Statview. Berkeley, California: SAS Institute.

Shine, R. 1988. Parental care in reptiles. In: Biology of the Reptilia.
Vol. 16. Ecology B: Defense and Life History (Ed. by C. Gans & R. B.
Huey), pp. 275-329. New York: A. R. Liss.

Sinervo, B. 1990. Evolution of thermal physiology and growth rate
between populations of the western fence lizard Sceloporus
occidentalis. Oecologia, 83, 228-237.

O’'CONNOR & SHINE: PARENTAL CARE IN LIZARDS

Somma, L. A. 1990. A categorization and bibliographic survey of
parental behaviour in Lepidosaurian reptiles. Smithsonian Herpe-
tological Information Service, 81, 1-53.

SPSS. 1998. SYSTAT. Chicago: SPSS Inc.

Stow, A. J., Sunnucks, P., Briscoe, D. A. & Gardner, M. G. 2001. The
impact of habitat fragmentation on dispersal of Cunningham’s
skink (Egernia cunninghami): evidence from allelic and genotypic
analyses of microsatellites. Molecular Ecology, 10, 867-878.

Toxopeus, A. G., Kruijt, J. P. & Hillenius, D. 1988. Pair-bonding in
chameleons. Naturwissenschaften, 75, 268-269.

Van Schaik, C. P. & Dunbar, R. I. M. 1990. The evolution of
monogamy in large primates: a new hypothesis and some crucial
tests. Behaviour, 115, 30-62.

Van Schaik, C. P. & Kappeler, P. M. 1997. Infanticide risk and the
evolution of male-female association in primates. Proceedings of
the Royal Society of London, Series B, 264, 1687-1694.

Wells, K. D. 1978. Courtship and parental behavior in a Panamanian
poison-arrow frog (Dendrobates auratus). Herpetologica, 34,
148-155.

Wolff, J. O. & Peterson, J. A. 1998. An offspring-defense hypothesis
for territoriality in female mammals. Ethology Ecology and
Evolution, 10, 227-239.

1369



	Parental care protects against infanticide in the lizard Egernia saxatilis (Scincidae)
	Methods
	Study Species and Area
	Experimental Procedures
	Interactions between lizards
	Interactions between groups

	Data Analysis

	Results
	Interactions between Lizards
	Adult aggression towards juveniles
	Attacks on own and unrelated juveniles
	Attacks on other lizards
	Attacks by adults on mother
	Attacks in presence of mother
	Attacks in presence of unrelated adult

	Interactions between Groups

	Discussion
	Acknowledgments
	References


