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Social learning is widespread among family living species, particularly mammals and
birds with relatively high levels of social complexity and overt social interaction. However,
the occurrence of social learning has never been documented in lizards with kin-based
sociality, which have less obvious social interactions. We tested for social learning in
Australian tree skinks (Egernia striolata), a species that commonly lives in family groups
in the wild, using a two-step foraging task. Lizards were randomly allocated to either a
social learning treatment or a control group and presented first with an instrumental task
requiring the displacement of a lid, followed by an association task, consisting of two
dishes with different colored lids. Prior to each task, lizards in the social learning treatment
observed a trained demonstrator extract a food reward while the control also viewed
a conspecific, but in the absence of the foraging task. The social learning treatment
and control group solved the instrumental task at similar rates, but in the association
task lizards in the social learning treatment made fewer errors and reached our learning
criterion sooner. To the best of our knowledge, we present the first evidence for social
learning in a lizard with kin-based sociality.
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Social learning—the process whereby an individual acquires new information through the
observation of, or interaction with, another individual or its products (Hoppitt and Laland, 2013)—
has been documented in a wide range of organisms including insects (Leadbeater and Chittka, 2007;
Alem et al., 2016), fishes (Helfman and Schultz, 1984; Reader et al., 2003; Thonhauser et al., 2013),
lizards (Noble et al., 2014; Kis et al., 2015), turtles (Wilkinson et al., 2010; Davis and Burghardt,
2011), birds (Lefebvre, 1986; Holzhaider et al., 2010), and mammals (Reader and Laland, 2002;
Thornton and Malapert, 2009; Thornton and Clutton-Brock, 2011; Whiten, 2011). Acquiring key
information through social learning is thought to be adaptive because it is a short-cut to learning,
particularly when individual learning is costly (e.g., foraging time, exposure to predators, energetic
costs, etc.; Hoppitt and Laland, 2013). However, using social information is not always cost-free
(Giraldeau et al., 2002).
Information obtained socially may not always be accurate and consequently some individuals
may forego social information in favor of trial-and-error learning. Theoretical models predict that
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have several generations of offspring living together (Chapple,
2003; While et al., 2015; Whiting and While, 2017). The parental
unit is monogamous and offspring gain protection, particularly
from infanticide, by associating with their parents (O’Connor
and Shine, 2004). These stable family groups are predicted to
use social information because of kin selection and the fact that
they share a common environment where selective pressures
are similar among group members. The Australian tree skink
(Egernia striolata) commonly lives facultatively in family groups
in the wild (Duckett et al., 2012). The only test of social learning
in this family-living species of lizard was for juvenile tree skinks
(E. striolata) raised under two social treatments (isolated or in
pairs). This study found no evidence of social learning between
juveniles and an unrelated, unfamiliar adult demonstrator (Riley
et al., 2018). However, the use of social information can depend
on many factors like age, the relationship between demonstrator
and observer, and rearing environment (Barta and Giraldeau,
1998; Noble et al., 2014). In this study, we tested for social
learning in the same species (E. striolata) using wild-caught
adult female lizards. We could not directly test for familial
effects on social learning because we were unable to establish
the relatedness of individuals used in this study. We opted to
use only females because of the greater likelihood of social
feedback in the case of males. For example, males of some lizard
species may influence the occurrence of learning because of social
feedback in a dominant-subordinate relationship (Noble et al.,
2014; Kar et al., 2017). We hypothesized that females use social
information and predicted that individuals with access to taskspecific information (via a demonstrator) would make fewer
errors than control females with no such access to information
about how to solve a task.

social learning only translates into fitness benefits when copying
is rare (Boyd and Richerson, 1985; Giraldeau et al., 2002). If
the frequency of social learners is high and fewer individuals
are sampling the environment, then social learning will become
less reliable. This effect is further compounded by dynamic
environments where it will become less likely that any one
individual will have accurate information about the environment.
Under these circumstances, social learning will be a conditional
strategy (Enquist et al., 2007). Alternatively, an individual may
always copy first, and then revert to individual learning only
when social learning is too costly or unprofitable (i.e., a criticalsocial-learner strategy; Enquist et al., 2007).
Social learning can be constrained by an individual’s social
environment and age. For example, adult male eastern water
skinks (Eulamprus quoyii) do not use social information to solve
a foraging task whereas sub-adult males do (Noble et al., 2014).
Social dominance may also influence the acquisition of social
information (Hoppitt and Laland, 2013). In some bird species
that forage in small groups, a significant difference in competitive
ability (i.e., social status) predicts whether individuals use
social information (Barta and Giraldeau, 1998; Giraldeau and
Beauchamp, 1999; Liker and Bartas, 2002). Under strong
dominance asymmetry, dominant individuals are more likely
to act as “scroungers” (i.e., observers) while subordinates are
“producers” (i.e., inadvertent demonstrators) that use individual
learning to locate food patches (Barta and Giraldeau, 1998).
Likewise, when competitive asymmetries are less pronounced,
differences in strategy begin to fall away (Barta and Giraldeau,
1998; Liker and Bartas, 2002). Therefore, whether individuals
use social information is dependent on a range of ecological and
social factors, and requires explicit testing.
Primates and birds have long been the banner organisms for
social learning because of the often socially complex societies
that they live in (Whiten, 2000; Byrne, 2015). In particular, social
learning occurs disproportionally among kin (Laland, 2004).
For example, a meta-analysis of social learning revealed a high
frequency of social learning between mothers and their offspring
among non-human primates (Reader, 2000). Social learning
among kin is likely to be common because kin share genes and a
common environment—interacting more frequently as a result,
and therefore experiencing similar selective pressures. More
importantly, social information is likely to be reliable because
of kin selection: it pays to help kin, or to at least not deceive
them, because of the fitness benefits derived from relatedness
(Hamilton, 1964; Laland, 2004; Hoppitt and Laland, 2013).
Honey bee waggle dances are perhaps one of the best examples
of social learning among kin (Leadbeater and Chittka, 2007).
Female workers share up to three-quarters of their genes and
therefore, have high fitness benefits from imparting information
about the location of nectar to colony mates (Laland, 2004).
Many family living species have been the focus of social
learning studies because they have parental care and a high degree
of social interaction (Laland, 2004). However, some organisms,
such as lizards, live in stable family groups in the absence of
overt parental care and their social interactions may be less
pronounced. For example, species in the Australian Egernia
group of skinks commonly live in nuclear families and may
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MATERIALS AND METHODS
Overview
We tested for social learning using 56 adult female E. striolata
divided equally between demonstrators and observer lizards,
in two batches. Because they were wild-caught as adults, we
could not estimate their exact age. Lizards were captured by
noosing or manipulated out of crevices and captured by hand
near Albury, New South Wales (35.98′ S, 146.97′ E) and, before
this study, maintained in all-female circular outdoor enclosures
3-m in diameter while being used in a separate study. They
were fed crickets or baby food 3 days/week prior to trials, and
had access to wild insects. During social learning trials, we
paired lizards in opaque plastic tubs (690 [L] × 470 [W] ×
455 [H] mm) separated in half by a fixed transparent sheet of
Perspex R and a removable opaque wooden divider. This allowed
us to keep lizards physically separated, while also controlling
when they viewed each other. Each lizard had a small plastic
refuge, a water bowl and the substrate of the enclosure was
newspaper. We conducted two trials a day, in the morning
(09:00–11:30 h) and the afternoon (13:30–16:00 h), with a 2 h
interval between trials. All trials were remotely filmed using
CCTV cameras (Digital Video Recorder, model no. H. 264) and
the researcher left the room immediately following the setup
of the task. For consistency, a single individual (FX) scored all
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videos. Lizards remained in the same enclosure for the duration
of the experiment.

much manipulation, in order to access the food reward. Observer
lizards were required to displace an opaque yellow lid from the
dish to get the food reward (Figure 1a). When lizards successfully
displaced the lid in 5/6 trials, they were considered to have
learnt this task. For each trial, we recorded if they successfully
removed the lid and the latency (seconds) to accessing the food
reward. Two lizards did not meet our learning criterion but were
trained to displace the lid before moving to the next task. We
used a 5/6 learning criterion in this task because it is a motor
task that requires lizards to remove the lid from a single dish.
Once a lizard removes the lid for the first time, they do so
again in all subsequent trials making this a robust criterion. This
instrumental task primarily equips lizards for the next task, which
is a more robust test of social learning.

Social Demonstration Protocol
We followed the same basic protocol as Noble et al. (2014),
Kar et al. (2017), and Riley et al. (2018). We first trained all
lizards to eat baby food (Heinz R , fruity pear flavor) from an
open, opaque dish (diameter: 54 mm, height: 14 mm) mounted
on a small wooden block (Figure 1). We covered the sides of
a clear dish in black tape to prevent the lizard from seeing its
contents. We considered lizards to be trained if they ate food
from the dish in 5/6 trials. At the onset of a trial, we removed the
opaque divider and the observer lizard’s refuge and water bowl
to provide an unobstructed view of the demonstrating lizard.
After 1 h of viewing, the opaque divider was replaced to separate
lizards and give the observer lizard the opportunity to perform
the task. Observer lizards were allocated to either a social learning
treatment (n = 15) or control group (n = 13). In the social
learning treatment, the observer lizard viewed the demonstrator
access the food reward by displacing a lid from the rewardcontaining dish, while the control observed another lizard in
the absence of any dishes. In the case of trials with two dishes,
the lid was fixed to the incorrect dish, thereby preventing the
demonstrator from removing it. As a consequence, the observer
always received reliable information because it only saw the
demonstrator displace the correct lid.

Association Task
We tested for social learning in an associative learning task by
presenting observer lizards with a choice of two dishes covered
by differently colored lids, only one of which contained a food
reward (Figure 1b). The reward-containing, correct dish, was
covered with a blue lid, while the incorrect dish was covered with
a white lid. Both dishes contained food, but food in the incorrect
dish was made inaccessible by wire mesh, thereby allowing us to
control for any olfactory or vomeronasal cues that might reveal
the correct dish. The position of the blue lid was randomized for
each trial and counterbalanced across treatments. For each trial,
we scored: (1) whether or not the lizard chose the correct (blue)
dish; and (2) latency to access the food reward in the correct
dish. Lizards were considered to have learnt the association task
if they made the correct choice in 7/8 consecutive trials. This is a
relatively strict learning criterion, with the probability of getting 7
or more trials correct by chance out of 8 being 3%, well below the
5% cut-off normally used. We gave the lizards a total of 26 trials
to learn this task and all lizards learnt in this time. We decided
on 26 trials somewhat subjectively prior to the experiment based
on our experience with this species (Riley et al., 2017, 2018), and
because we wanted to reduce the probability of reaching a 7/8
criterion simply by chance, which increases with a larger number
of trials.
The visual acuity of tree skinks has not been studied
previously, however, diurnal lizards have tetrachromatic vision
and therefore, a good ability to discriminate different colors
and brightness (Fleishman et al., 2011). Males and females are
similarly colored and lizards have conserved visual systems
(Fleishman et al., 2011), with no evidence for sexual effects
on color preference. We independently tested for any color
preference (to be sure that lizards did not prefer blue to white)
using 12 individuals (10 males and 2 females) with the same
history as our study animals. They were given a choice between
a white vs. blue dish in which both contained an equal quantity
of a food reward (0.5 g Heinz R fruit baby food). We conducted
10 trials over 5 days and randomized left vs. right locations to
account for any side bias or spatial learning. A researcher from
outside the study with no knowledge about lizards or this study
scored and ran the experiment and recorded the color of the
first dish a lizard ate from. During the first trial, skinks did not
significantly differ in their choice between blue (chosen 8 times)

Instrumental Task
We first tested for social learning in an instrumental task by
presenting lizards with a single dish covered by a yellow lid. We
trimmed the lid’s lip to ensure lizards could displace it without too

FIGURE 1 | The apparatus on the left was presented to trained demonstrators
while the apparatus on the right was presented to the social learning
observers. (a) In the instrumental task lizards were required to remove a yellow
lid to access a food reward from a covered well. (b) In the association task the
food reward was under the blue lid (correct choice) but inaccessible under the
white lid (incorrect choice).
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inspected to ensure samples were mixing well. Autocorrelation
of the chains was assessed to ensure levels were low (lag < 0.1)
using the “autocorr” function, and we also performed Geweke
and Heidelberg diagnostics (also using the R package “coda”).
Pooled posterior modes from the three chains and 95% credible
intervals are reported, and parameter estimates were considered
significant when the credible intervals did not include 0. If
interaction terms were not significant, they were removed and
the models were rerun, thus, in this case, main effect estimates
are derived from models with non-significant interaction terms
excluded.

and white (chosen 4 times) dishes (chi-square test: χ11 = 0.69, P
= 0.41). Across all trials and lizards (N = 119), there was also no
significant difference in the number of choices between blue and
white dishes (chi-square test: χ119 = 0.02, P = 0.90). On average,
the proportion of trials in which lizards selected the blue and
white dish were 0.51 ± 0.04 (mean ± standard error) and 0.49
± 0.04, respectively, providing no evidence for a color preference
between blue and white in E. striolata.

Statistical Analyses
All analyses were carried out in R (v 3.3.0, R Development
Core Team, 2010). In all models, treatment (social learning
and control) and batch identity (batch one and two) were
coded as two level factors. Batch identity was included in
all models as a covariate. Before analyses, we first considered
potential motivational differences between treatment groups.
All observer lizards met our threshold of attempting at least
80% of tasks, thus motivation should not have confounded
our results. Data for this study can be accessed at (Figshare:
doi: 10.6084/m9.figshare.4981958).
We first examined if there were differences in learning speed
and number of errors made during the learning phase (i.e.,
prior to meeting the learning criterion) between treatments using
generalized linear models (GLM) from the R package “MASS”
(Ripley et al., 2013). We modeled the mean trials taken to reach
the learning criterion for each task, as well as the number of errors
during the learning phase for the association task with a negative
binomial error distribution.
We then asked whether the proportion of lizards that learnt
in each trial for both tasks differed between treatments using a
Cox regression proportional hazard survival analysis from the
“survival” R package (Therneau and Lumley, 2016). Lizards that
did not learn the task were considered as “right-censored” (n = 2
in the instrumental task).
We also tested if the probability of making the correct choice
with each successive trial differed between treatments. We used
Bayesian generalized linear mixed effects models (GLMM) from
the “MCMCglmm” R package (Hadfield, 2010) to analyze (1) the
probability of making a correct choice; and (2) the probability of
removing the correct lid only (i.e., not removing the incorrect lid
after removing the correct one) with a binomial error distribution
(logit link). Whether an observer displaces one or both lids
can inform about the potential mechanisms of learning (Noble
et al., 2014). A mixed modeling framework was used to account
for repeated measurements of the same individuals over time.
We included an interaction term between treatment and trial,
and modeled the change in both response variables between the
treatment groups across trials. Default uniform priors were used
for fixed effects. The residual variance was fixed at one, as this is
what the “logit” family assumes (Hadfield, 2010). Lizard identity
was fitted as a random intercept and trial number as a random
slope. We specified the prior
 variance-covariance matrix of the
1 0
with nu = 0.002. We ran three
random effects as V =
0 1
independent chains of 110,000 iterations, with a thinning interval
of 100 and a burn-in of 10,000. The Gelman–Rubin test in the R
package “coda” was used to ensure the three chains converged
(Plummer et al., 2006). The trace plots of all chains were visually
Frontiers in Ecology and Evolution | www.frontiersin.org

RESULTS
Instrumental Task
Twenty-six of 28 lizards (93%) met our learning criterion
including all 15 (100%) lizards from the social learning treatment
and 11/13 (84%) from the control. The proportion of lizards that
learnt the task for each trial did not differ between treatments
(estimate = 0.50, SE = 0.41, P = 0.23; Figure 2A). The mean
number of trials required to reach our learning criterion also did
not differ significantly between the social learning treatment and
control (Figure 2B, Table 1A).

Association Task
All lizards (100%) from both treatments reached the learning
criterion for the association task. We assessed whether lizards
retained a significant binomial choice over at least 8 trials (or
more) after reaching learning criterion (i.e., continuing to choose
the correct dish): 17/27 (63%) of individuals retained a significant
tally, while the remainder showed extinction of this choice (see
section Discussion). The proportion of lizards that learnt was not
significantly different between the two groups (estimate = 0.75,
SE = 0.46, P = 0.10; Figure 3A).
Social learners learnt the task, on average, in significantly
fewer trials compared to the control (Figure 3B, Table 1B).
Moreover, social learners made, on average, significantly fewer
errors compared to the control during the learning stage
(Figure 3C, Table 2). Social learners also had a significantly
higher probability of making a correct choice (Table 3A).
Interestingly, we found a significant treatment by trial interaction
effect for the probability of making a correct choice (Table 3A).
Social learners had a much higher intercept for the probability of
making a correct choice compared to control lizards (Figure 3D).
However, as trials progressed, the probability of making a correct
choice for social learners decreased, while it slowly increased for
control lizards (Figure 3D). In contrast, when we examined the
probability of removing the correct lid only (as opposed to both
lids), there was no treatment effect and the interaction between
treatment and trial was not significant (Table 3B).

DISCUSSION
Only two of 28 lizards (control group) did not reach criterion
in the instrumental task and the mean number of trials required
to reach criterion was not significantly influenced by treatment
(social learning vs. control) in the remaining 26 lizards. This is
probably because the instrumental task is relatively simple and
4
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FIGURE 2 | (A) Predicted proportion of lizards across trials in the social learning treatment (n = 15) and control group (n = 13) that did not learn the instrumental task.
Predictions were averaged across both batches. The solid line represents the social learning treatment, the dashed line the control group. (B) Predicted mean number
of trials taken to learn for lizards in the social learning treatment (n = 15) and control group (n = 13) in the instrumental task (Table 1A). For visualization purposes,
batch number was set to 1. Gray bars represent the social learning treatment; white bars represent the control group. Error bars are one standard error.

2003; O’Connor and Shine, 2004). Thus, juveniles may have
not been motivated to visit a location in which the female
was present in order to avoid aggressive interactions. Likewise,
young guppies (Poecilia reticulata) do not socially learn from
adults until they are large enough not be negatively impacted by
aggressive interactions (Leris and Reader, 2016).
Interestingly, once lizards had reached criterion, we found
that the probability of making a correct choice decreased
over time (trial number) for the social group while it steadily
increased in the control group. Also, of the lizards that showed
extinction of learning, 60% (6/10) were from the social learning
treatment. Social learning can be strategic and may change
in response to changes in the environment. In our study,
social information from the demonstrator about the location of
food may be beneficial initially, but over time, as an observer
sees the same individual feed from the same location, they
also receive information about potential competition (with the
demonstrator) and resource depletion. Therefore, it may be
beneficial for an observer to switch to an individual learning
strategy and forage elsewhere, in this case by sampling the
incorrect dish more often. A similar strategy occurs in threespined sticklebacks (Gasterosteus aculeatus) in relation to food
patch availability. Sticklebacks rely on social information when
food patches are large and adopt individual-specific foraging
tactics when patches are small (Hansen et al., 2016). Furthermore,
the value of a constant food resource may decline with time,
particularly given the need for nutrient regulation where diet
diversity is favored over quantity in many species (Simpson
et al., 2004). Our results therefore suggest a role for social
feedback in informing individual learning strategies, which has
been demonstrated in many other systems (Hoppitt and Laland,
2013).
Social learning is governed by multiple mechanisms
(reviewed in Whiten and Ham, 1992; Zentall, 2011; Hoppitt
and Laland, 2013) including local/stimulus enhancement and

TABLE 1 | Estimates and standard errors (SE) from a generalized linear model
(GLM) examining the effects of a lizard’s treatment group (social learning or
control) on the mean number of trials it took for a lizard to learn the (A)
instrumental task (N = 28), (B) association task (N = 28).
(A) Instrumental task
Estimate
Intercept

SE

1.92

0.29

Treatment (Social)

−0.05

0.16

Batch (Batch 2)

−0.06

0.17

(B) Association task
Estimate
2.42
−0.3
0.28

SE
0.12
0.13
0.13

Bolded estimates are significant. Baseline is the control treatment, and batch 1.

lizards were able to solve it rapidly, even in the absence of social
demonstrators. All 28 lizards reached criterion in the association
task where there was a significant treatment effect: lizards in the
social learning treatment made fewer errors and reached criterion
in significantly fewer trials than lizards in the control group
(individual learning).
We found that adult female E. striolata can use social
information from other adult females to learn foraging tasks. This
is in contrast to a previous study of social learning in the same
species (E. striolata), where there was no evidence that social
information was used by juveniles reared under two different
social environments to learn a similar foraging-based task (Riley
et al., 2018). The benefits and use of social information can
depend strongly on an individual’s age, and the environment
and social context in which animals develop or reside (Laland,
2004; Noble et al., 2014; Kar et al., 2017; Riley et al., 2018). The
lack of social information use in juvenile E. striolata may be
due to their age, or, alternatively, the social context in which
the learning tasks were presented (Riley et al., 2018). Unlike our
study, juveniles observed unfamiliar adult female demonstrators
which can be lethally aggressive to juveniles in the wild (Chapple,
Frontiers in Ecology and Evolution | www.frontiersin.org
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FIGURE 3 | (A) Predicted proportion of lizards across trials in the social learning treatment (n = 15) and control group (n = 13) that did not learn the association task.
Predictions were averaged across both batches. The solid line represents the social learning treatment, the dashed line the control group. (B) Predicted mean number
of trials taken to learn for lizards in the social learning treatment (n = 15) and control group (n = 13) in the association task (Table 1B). (C) Predicted mean number of
errors made by lizards during the learning phase (i.e., prior to reaching the learning criterion) in the social learning treatment and control group in the association task
(Table 2). For visualization purposes, batch number was set to 1. Gray bars represent the social learning treatment; white bars represent the control group. Error bars
represent the standard error. (D) Predicted probability of making a correct choice across trials for lizards in the social learning treatment (n = 15) and control group (n
= 13) in the association task (Table 3A). For visualization purposes, batch number was set to 1. The thick solid line represents the social learning treatment and the
thick dashed line the control group. Thin solid lines and the dotted lines represent the 95% credible interval for the social learning treatment and the control group,
respectively.

correct dish, if they were using imitation mechanisms they would
displace the lid from only the correct, food-containing dish, and
not the incorrect dish. Given that the demonstrator could only
displace the lid covering the dish with the reward, observers
only saw the correct lid being removed. In the lizard E. quoyii,
young, but not old, males will displace only the lid covering the
reward dish once they have learnt the correct association (Noble
et al., 2014), which is suggestive of imitation. However, we found
no significant difference in the propensity of lizards from the
social learning and control group to remove the additional,
incorrect lid. While we found no evidence of imitation using this
design, additional cognitive testing is required to elucidate the
mechanisms governing social learning in this species.
Kin selection has been proposed as a key factor influencing
social learning because of the benefits of helping close relatives

TABLE 2 | Estimates and standard errors (SE) from a generalized linear model
(GLM) examining the effects of a lizard’s treatment group (social learning or
control) on the mean number of errors made by lizards during the learning phase
in the association task (N = 28).
Estimate
Intercept
Treatment (Social)
Batch (Batch 2)

SE

0.87

0.29

−1.02

0.34

0.67

0.32

Bolded estimates are significant. Baseline is the control treatment, and batch 1.

imitation/copying (Hoppitt and Laland, 2013; Kis et al., 2015).
While we did not design a task to specifically test for social
learning mechanisms, we predicted that once lizards learnt the
Frontiers in Ecology and Evolution | www.frontiersin.org
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TABLE 3 | Pooled posterior modes and 95% credible intervals from a Bayesian Markov chain Monte Carlo generalized linear mixed effects model (GLMM) examining the
effects of (A) a lizard’s treatment group (social learning or control), batch (1 or 2), and trial number on the log odds of making a correct choice, and (B) the log odds of
choosing the correct dish only (Nlizards = 28, Nobs = 758).
(A) Log odds of making of a correct choice

(B) Log odds of removing the correct lid only

Estimate

L

U

Estimate

L

U

Intercept

1.12

0.58

2.06

−1.28

−2.16

−0.1

Treatment (Social)

1.77

0.88

2.77

−0.03

−1.02

0.87

Trial

0.05

0.01

0.1

−0.03

−0.09

0.01

Batch (Batch 2)

−0.76

−1.39

−0.1

−3.75

−5.41

−2.37

Treatment (Social) × Trial

−0.13

−0.2

−0.06

−0.04

−0.13

0.07

Bolded estimates are significant. Main effects are presented from a model without the interaction, when the interaction was not significant. Baseline is the control treatment, and batch 1.
L and U represent the lower and upper credible intervals, respectively.
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(Laland, 2004; Hoppitt and Laland, 2013). In many cases of social
learning, an observer acts as a scrounger by using information
obtained through observation (Barta and Giraldeau, 1998;
Hoppitt and Laland, 2013). In other words, a “demonstrator” is
not performing a behavior to directly assist an observer, but their
actions provide useful information and because they are related
an observer may be more inclined to act on this information
(Laland, 2004). In family living lizards, such as the Egernia
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