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Abstract

Social learning is an adaptive way of dealing with the complexity of life as it reduces the risk of trial-and-error learning.
Depending on the type of information acquired, and associations formed, several mechanisms within the larger taxonomy of
social learning can be distinguished. Imitation is one such process within this larger taxonomy, it is considered cognitively
demanding and is associated with high-fidelity response matching. The present study reproduced a 2002 study conducted
by Heyes and Saggerson, which successfully illustrated motor imitation in budgerigars (Melopsittacus undulatus). In our
study, eighteen kea (Nestor notabilis) that observed a trained demonstrator remove a stopper from a test box (1) took less
time from hopping on the box to feeding (response duration) in session one and (2) were faster in making a vertical removal
response on the stopper once they hopped on the box (removal latency) in session one than non-observing control group
individuals. In contrast to the budgerigars (Heyes and Saggerson, Ani Behav. 64:851-859, 2002) the present study could not
find evidence of motor imitation in kea. The results do illustrate, however, that there were strong social effects on exploration
rates indicating motivational and attentional shifts. Furthermore, the results may suggest a propensity toward emulation in
contrast to motor imitation or alternatively selectivity in the application of imitation.
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Introduction with varying degrees of fidelity—the degree to which the

behaviour of the observer matches that of the demonstra-

Imitation can be defined as the copying of a novel or other-
wise improbable act (Thorpe 1963). It is a process within
the larger taxonomy of social learning (Whiten et al. 2009)
and presents a specific form of social learning, in which
an individual acquires a behaviour through “observation of,
or interaction with, a conspecific or its products” (Heyes
1994: 207). Social learning is considered an adaptive way
of dealing with the complexity of life as it mitigates the risk
of trial-and-error learning. Different learning mechanisms,
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tor (Whiten and Ham 1992)—can be identified. While in
enhancement the individual orients their attention toward
a certain object or location (Whiten and Ham 1992) as the
primary source of information, in emulation the individual
orients their attention towards the result (Tomasello et al.
1989). Imitation combines both levels of abstraction and
therefore represents a “high level cognitive achievement”
(Whiten and Ham 1992:271) and can be associated with
high-fidelity response matching (Huber et al. 2009). For the
study at hand, we maintained the definition of imitation used
by Heyes and Saggerson “imitation refers to copying by an
observer of a feature of the body movement of a model”
(Heyes 2001: 254), for a comprehensive listing of social
learning mechanisms see Hoppitt and Laland (2013).
Multiple species have illustrated imitative skills in
experimental settings, including two-action tasks (Akins
and Zentall 1998; Bugnyar and Huber 1997; Voelkl and
Huber 2000; Fawcett et al. 2002; Heyes and Saggerson
2002; Nguyen et al. 2005), bi-directional controls (Akins
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et al. 2002; Heyes et al. 1994; Heyes and Dawson 1994;
Mitchell et al. 2018) and Do-as-I-do tasks (Custance et al.
1995; Huber et al. 2009; Fugazza et al. 2015; Tomasello
et al. 1993; Call 2001, Topal et al. 2006). However, there are
also many studies that failed to provide evidence for imita-
tion (Veit et al. 2023 (Sus domesticus); Greco et al. 2013
(Loxodonta africana africana); 1zawa and Watanabe 2011
(Corvus macrorhynchos) to name a view). Although those
studies are difficult to explain, it is worth pointing out that
they typically do provide evidence for other forms of social
learning. For instance, human’s closest relatives the great
apes (Pan troglodytes, Pongo pygmaeus, Pan paniscus) tend
to show low levels of motor imitation, particularly when it
comes to high-fidelity copying of actions (Clay and Ten-
nie 2018, Horner and Whiten 2005, Nielson and Susianto
2010). Instead, they tend to use their own actions to produce
the demonstrated outcome, i.e. show emulation (Tomasello
1998).

Parrots are large-brained birds and renowned for their
capacity to solve complex physical problems, which they
achieve both spontaneously and through trial-and-error
(Auersperg et al. 2009, 2011, 2012, Dawson and Foss 1965,
Funk 2002, Miyata et al. 2011, Pepperberg and Funk 1990,
Werdenich and Huber 2006). Yet, despite the recognised
physical cognitive abilities of parrots, out of the near 400
parrot species only very few have been tested on their motor
imitation capacities (Dawson and Foss 1965, Galef et al.
1986, Moore 1992, Huber et al. 2001, Heyes and Sagger-
son 2002, Gajdon et al. 2004, Auersperg et al. 2012) and
even fewer could successfully demonstrate such behaviour,
to date only African greys (Psittacus erithacus) and budg-
erigars (Melopsittacus undulatus) have been illustrated to
show motor imitation conclusively. Goffin’s cockatoos (7an-
imbar corella), have illustrated the ability to spontaneously
make and use their own tools, and that naive observers can
learn tool-using tasks by watching a trained demonstrator
(Auersperg et al. 2012, 2014). However, even though the
authors could show strong evidence for emulation, imitation
was at best evident at low-fidelity levels (Auersperg et al.
2014). Although the cockatoos only successfully solved the
task after watching a demonstrator, they applied different
techniques (levering) to achieve this goal. Furthermore,
tool manufacturing and use are highly specialized skill sets,
which might suggest a specialized predisposition for the
advanced social learning which Goffin’s demonstrated.

Heyes and Saggerson on the other hand, tested 28 juve-
nile budgerigars, which are not known for such specialized
technical skills, on imitative and nonimitative social learn-
ing using a two-action task. In their test, observer birds saw
“a conspecific demonstrator repeatedly remove one of two
stoppers from the horizontal surface of a food box, either
by pulling the stopper up or by pushing it down into the
box” (Heyes and Saggerson 2002: 852). Responses to the
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demonstrated stopper colours indicate nonimitative social
learning whereas responses in line with the extraction
topography (pulling vs. pushing) suggest motor imitation
(Heyes and Saggerson 2002). Their results illustrated that
observer birds preferentially applied the demonstrated open-
ing method and hence engaged in motor imitation.

Kea (Nestor notabilis), a large parrot species endemic to
the Southern Alps of New Zealand, have well marked techni-
cal intelligence (Auersperg et al. 2009, 2011; Gajdon et al.
2004, 2013; Huber et al. 2001; Huber and Gajdon 2006;
Miyata et al. 2011; O’Hara et al. 2015, 2016) but have not
illustrated motor imitation at the level of other species of the
same order (Psittaciformes). However, there are only very
few studies on the motor imitation capacities of kea. For
instance, in 2001 Huber and colleagues tested kea on their
ability to “match the response topography or the sequence of
(...) [a] model’s actions (movement or sequence imitation)”
(Huber et al. 2001: 945). Observer birds watched trained
conspecifics open a large steel box by manipulating three
locking devices (bolt, split pin and screw) in direct succes-
sion. Although observer birds compared to non-observers
did show increased “efficiency at unlocking the devices
(which) seemed to reflect the acquisition of some functional
understanding of the task through observation (emulation
learning)” (Huber et al., 2001: 945), they did not engage
in motor imitation. This raises the question of whether kea
are simply more prone to emulation (Huber et al., 2001),
as imitation has not provided a selective advantage in the
course of their evolution, or whether the right favourable
conditions to test imitation in this species have simply not
yet been devised (Huber 2002).

In the study at hand, we, therefore, attempted to further
investigate kea’s ability to motor imitate by closely repro-
ducing a study that has successfully illustrated imitation
in budgerigars (Heyes and Saggerson 2002). We present a
close replication of the methods applied by Heyes and Sag-
gerson, with minor adjustments to the sample size, experi-
mental group composition and materials to account for kea
specificities (i.e. neophilia and larger size), by following
an analogous experimental protocol. Through reproducing
the experimental protocol of a successful study, illustrating
motor imitation in psittacines, we hoped to set favourable
conditions to test motor imitation in kea. Our hypothesis
was that watching a conspecific demonstrator solve a two-
action-task will affect the action performed by the test sub-
ject (observer). We predicted that kea will show increased
use of the demonstrated action over alternative actions and
that test group individuals will be quicker to approach and
gain access to the test box than non-observing control group
individuals.
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Methods
Study site and housing

The kea subjects in this study were permanently housed in
a flock of 23 birds in an outdoor aviary (52 m X 10 m X
4 m) at the Haidlhof research station in Bad Vdslau, Austria.
The aviary in which they were housed was equipped with
sand substrate, hanging branches for perching, shelters, and
a variety of enrichment which was renewed regularly. The
kea had access to water ad libitum and food was provided
three times a day and consisted of fruits, vegetables, seeds,
and protein once daily (cooked meat or eggs). Subjects were
never food restricted for the purposes of experiments, and
all research was non-invasive. In contrast, Heyes and Sag-
gerson maintained the test subjects at 90% bodyweight for
the test rotation.

Testing took place in one of two testing compartments
(10 m X 6 m X 4 m) in the aviary. These compartments were
closed off during testing, but remain open otherwise and are
part of the main living area for the kea. All subjects have
been previously trained to enter and exit the experimental
compartments on verbal command, and all participation was
voluntary. Subjects could refuse to participate by ignoring
the command to enter the compartment, and they could end
sessions early by retreating to perches or shelters, laying
down on the ground, or otherwise refusing to participate. If
a subject ended a session early, it was directed back into the
main aviary and tested again another time.

Apparatus and set-up

Heyes and Saggerson trained and tested their budg-
erigars in a holding room in a metal testing cage with all
sides occluded by white cardboard (Heyes and Saggerson
2002). The cage was separated into two compartments, i.e.

Fig.1 Kea test box specifica-
tion, including feeding trays,

demonstration/test and observation compartment. Compara-
bly, the testing compartment of the kea aviary is a) visually
occluded from the rest of the aviary during testing, and b)
can be separated into two sub-compartments by closing a
mesh wire door in the centre. The two sub-compartments
served as the demonstration/test and observation areas. As
the kea test compartment is large compared to the testing
cage of the budgerigars, two 1 X 1 X 1 m tunnels made out of
semi-opaque (milky) plastic, were added to simulate the test-
ing cage used with the budgerigars. The test cage and tunnels
decrease the space available to the individuals and thereby
likely funnel and channel the view (via the semi-opaque side
walls) and guiding the attention towards the demonstration
area by reducing environmental (visual) noise.

As a ‘test box’ Heyes and Saggerson used a white, rec-
tangular box (22 x 10.5x 4.5 cm). The box was divided into
equally sized sections and two holes in a white lid provided
access to the rewards in the sections below. We adjusted the
measurements of the budgerigar test box by a factor of 3.8
to account for the larger size of kea (who are on average 3.8
times longer than budgerigars), resulting in a comparable
rectangular wooden test box (see Fig. 1). As in the budgeri-
gar study, the lid of the box featured two feeding holes (also
adapted by a factor of 3.8) and the box was divided in half
to create two feeding sections. In contrast to the budgeri-
gars, who received time-based millet seed rewarding, kea
were rewarded with access to % piece of peanut—their pre-
ferred reward that is routinely used—and therefore, additional
reward trays were integrated inside the box (see Fig. 1).
These reward trays were added to mimic the direct avail-
ability of the reward upon opening the box and to prevent
the kea from having to search the box for a single piece of
peanut.

As in Heyes and Saggerson, the test box was placed on
the floor at the far end of the tunnel, directly up against the
mesh wire, with its long axis facing the mesh wire. The
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Fig.2 Kea test cage set-up: A
observation compartment view,
B two tunnels up against mesh
wire separation and C demon-
stration/test compartment view
including test box with stoppers
and removable visual barrier

second tunnel was placed directly opposite the test box on
the other side of the mesh wire (see Fig. 2).

Stoppers

As stoppers for their box, Heyes and Saggerson used two
ping-pong balls cut in half. The open half of the cut ping-
pong ball had wire crossed over the top, to allow the birds
to grip it. The other side had a smooth surface with no
further alteration. The exposed sides of both stoppers were
coloured in royal blue or black. Additionally, “the rim of
each hole (for the stoppers) was lined with a thin (2 mm)
strip of sponge” (Heyes and Saggerson 2002: 853) to pro-
vide friction material for the stoppers to stay in place.
They used metal brackets, attached to the upper or lower
rim of the stopper to prevent all but one removal response
on the stoppers in training.

In our set-up, we also provided the kea with circular
stoppers of two different colours. In contrast to the budg-
erigars, the stoppers for the kea were made of durable
foam cut into 13 cm diameter disks with a width of 2 cm
(see Fig. 3). These stoppers better matched the keas’ large
size and also had the advantage that they stayed set in
the feeding holes without additional friction material. Kea
are highly inquisitive, and any additional material in the
holes could have been a distraction. A loop that matched
the keas’ beak size was attached to the exposed side of the
stopper, which they could use as a grip. Finally, as in the
budgerigar study, two different stopper colours were used,
but to make the difference more salient these were black
and white, rather than black and royal blue.

For demonstrator training the stoppers were equipped
with an additional 17 cm plastic disc attached to the bot-
tom part of the stopper (see Fig. 3). The wider part of the

Fig.3 Test stoppers: on top
and inside the test box; training
stoppers with integrated discs
from different angles (below
and above)
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disc was placed inside the hole. This prevented the pulling
response and ensured that demonstrators could only solve
the task by pushing (see explanation below in the Subjects
section). Additional brackets inside the box ensured that
only the correct stopper could be removed. The training
stoppers were also used in the demonstration sessions to
ensure that demonstrations were always solved correctly.
Both training and testing stoppers looked identical from
the top, making it impossible for the observers to differ-
entiate them on a visual basis.

Subjects

Eighteen of the 23 kea were available to participate in the
study (Table 1). Subjects were 9 females and 9 males and
ranged in age from four to 22 years old.

There were several important differences in our study
design compared to the one we were replicating. First was the
number of subjects. Heyes and Saggerson used 36 juvenile
budgerigars, eight as demonstrators, and 28 as observers. The
kea population at the research station Haidlhof is smaller and
therefore fewer individuals were available for testing. We also
introduced a control group, with an equivalent sample size to
the test group (N=9), which was not present in the Heyes and
Saggerson study. This control group was necessary because,
based on extensive experience working with the kea, we pre-
dicted that they were much more likely to pull the stoppers out
of the experimental box, rather than push them. If this were
the case, then there would be no need for a test group that
observed the “pull” action, as we predicted that kea would
solve the task through trial-and-error by pulling. On the other
hand, we predicted that “push” would be a much more improb-
able action for kea. Therefore, we introduced Control Group
1 (CG1, N=4)) to test for this. The results of CG1 confirmed
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jl'able'1 T?St subject ID Sex Age Raised Group Experimental group Colour Demonstrator

identification (ID), sex,

5 number

age, rearing method (hand

vs. pa.rent), group number, 1 Fr a 17 Parent 1 Control CG1 Black NA

experimental group assigned, 2 Jo & 22 Paemt 1 Control CG1 NA NA

colour assigned in bold

for demonstrated colours 3 Pa ) 11 Parent 1 Control CG1 White NA

(demonstrators only) and italic 4 Ro 3 13 Parent 1 Control CG1 White NA

for observed colours (test 5 Fy Q 5 Parent 2 Control CG2 NA NA

groups only) and demonsirator 6 Sy © 14  Had 2 Control CG2 NA NA

assigned (only applicable for

test groups) 7 Co Q 14 Hand 3 Test TG1 White Ro
8 Je 3 6 Hand 3 Test TG1 White Ro
9 P1 Q 14 Hand 3 Test TG1 Black Fr
10 Pn a 4 Hand 3 Test TG1 White Pa
11 Sk a 4 Hand 3 Test TG1 Black Fr
12 Di Q 4 Hand 4 Test TG2 Black Fr
13 Ke a 17 Hand 4 Test TG2 White Ro
14 Pi a 17 Hand 4 Test TG2 Black Fr
15 Pu Q 8 Hand 4 Test TG2 White Pa
16 Ly Q 14 Hand 5 Control CG3 NA NA
17 Ti Q 3 Parent 5 Control CG3 NA NA
18 Wy Q 14 Hand 5 Control CG3 NA NA

our prediction that kea preferentially pull, rather than push, as
all subjects pulled the stoppers in every trial, with no instances
of pushing. Based on these results, demonstrators were trained
only on the “push” action.

The subjects in CG1 were chosen with the intent of re-
training them to serve as demonstrators for the test groups. As
there was no control group in the Heyes and Saggerson study,
this was also a difference in their experimental design. We
purposely chose the four highest-ranking adult males in the
kea group (Fr, Jo, Pa, Ro), to create as homogenous a group
of demonstrators as possible. After completing the control ses-
sions, Jo dropped out of the experiment due to breeding. The
remaining three demonstrators (Fr, Pa, Ro) were re-trained on
the “push” action. In addition, Pa and Ro were trained that only
the white stopper was baited, and Fr was trained that only the
black stopper was baited.

Additional control groups (Control Group 2 (CG2, N=2)
and 3 (CG3, N=3)) were tested later to create a balanced
comparison between the test groups and control groups. Due
to availability of individuals (breeding season) these groups
had to be split in two (CG2 and CG 3 respectively) and
were tested at different times. Control subjects were cho-
sen according to the following criteria: during test sessions,
observers had to remain in an observation tunnel for the
duration of the demonstration (see the section on Appara-
tus and setup), but some subjects were hesitant to enter or
remain in the tunnels despite extensive training. Therefore,
those individuals that could not be trained to remain inside
the tunnel were assigned to the control groups. In total, we
had three Control Groups (CG) comprising nine individuals.

All individuals that could be trained to enter and remain
in the tunnels during demonstration sessions were included
in the test groups. Test Group 1 (TG1) was comprised of five
individuals and Test Group 2 (TG2) of four individuals, for a
total of nine test individuals (see Table 1 for further details).

Habituation and training procedure

As with the budgerigars, the kea were trained and tested
in the testing compartment. First, they were target-trained
to enter the observation tunnel, and as mentioned above,
the subjects who failed this training were assigned to the
control groups. All individuals were test box trained,
regardless of the experimental group. In test box training,
subjects were separated individually into the testing com-
partment and were allowed to feed from the test box inside
the tunnel, or outside for the control group birds which did
not tolerate the tunnels. The stoppers were absent during
test box training, and both sides were rewarded. Following
the budgerigar protocol, once an individual successfully
fed from the test box in 100% of trials in 3 consecutive
sessions of 10 trials each, their training was considered
complete. On average CG individuals spent 3.9 and TG
individuals 5.2 sessions in test box training. Feeding bout
reduction sessions were not necessary for the kea as they
received access to a single piece of peanut. Due to keas’
neophilic nature, no habituation to the stoppers was neces-
sary or conducted.

Following Heyes and Saggerson the demonstrators
received additional stopper training, where the training
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stoppers were fixed to prevent all but one response. This
training was more complex and involved four phases, each
with its own criterion for advancement (10/10 correct in
two consecutive sessions, with no wrong side attempts), for
the detailed training protocol see Online Resource 3. Once
the demonstrators had successfully reached criterion in all
four phases they were ready to perform their demonstra-
tion. During testing none of the demonstrators deviated
from their assigned opening method or colour.

Testing procedure

Heyes and Saggerson tested two repetitions of the two-action
task, with the first repetition using constant stopper positions
across trials (blue and black always on the same side) and
the second repetition using randomised colour/side assign-
ment of the stoppers. In our current replication study, we
tested the kea only on the second repetition, so that the side
on which the positive stimulus occurred was randomized
from trial to trial. Also note that, while the Heyes and Sag-
gerson experiment consisted of four test conditions (black
pull, black push, blue pull, blue push), the kea had two test
conditions (black push, white push) and one control condi-
tion with no demonstration.

Following the test session protocol of Heyes and Sag-
gerson, each CG individual received seven test sessions
at 10 trials each over four consecutive days, with sessions
taking place in both the morning and afternoon. CG birds
that were called into the testing compartment were allowed
to approach the test box and manipulate it based on trial
and error. All responses were rewarded regardless of colour
choice or method. Once an individual chose one response
and retrieved their reward, it was called back to the obser-
vation compartment. The test box was rebaited, and the
stoppers were replaced based on randomised colour-side
combinations.

The testing schedule for the kea was exactly the same as
that for the budgerigars. Test subjects received ten sessions
altogether, one in the morning and one in the afternoon,
over five consecutive days. Each session started with the
demonstrator in the demonstration compartment with the
test box and the test subject (henceforth observer) in the
observation compartment. The first three sessions were dem-
onstration-only, in which the observers saw their respective
demonstrator open the test box ten times in a row. Starting in
the fourth session and continuing to the tenth and final one,
observers were given test sessions directly after viewing a
demonstration session, in which they gained access to the
experimental box. These demonstration/test sessions started
with ten demonstration trials, after which the demonstrator
was removed from the testing compartment. The observers
were then given access to the box for ten consecutive trials,
with no other individuals present.
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All responses were rewarded for the observers, regardless
of colour choice or method. Once a subject gained access
to the reward by removing one of the two stoppers, the trial
was ended and the subject was called back to the observation
compartment. The test box was re-baited and the stoppers
replaced based on randomised colour/side combinations.

In contrast to the budgerigars, kea were unrestricted in
their movement within the larger demonstration and obser-
vation compartments, as they were free to enter and exit the
tunnels. To ensure that the observers were present inside
the tunnel during the demonstration trials, Experimenter 1
directed the subject inside using target training before each
trial began. Once the observer was inside the tunnel, Experi-
menter 2 gave the demonstrator access to the tunnel with the
test box inside. After the demonstrator removed the stopper
and retrieved the reward, Experimenter 2 directed him out of
the tunnel and re-baited the box for the next trial. For the test
sessions, where the demonstrator was not present, observ-
ers were given access to the test box when Experimenter
1 opened the door to the demonstration compartment, and
they were sent back to the observation compartment using a
verbal command when they had solved the task.

Each individual (test and control group) had unlimited
time to engage with the task, unless, an individual left the
testing compartment or did not engage with the task for
more than 15 min the session was terminated. This was the
case in four sessions, for three individuals. For examples of
demonstration session and test sessions see the videos pro-
vided in the supplementary materials (Online Resources).
All experimenters present in the test compartment wore
mirrored sunglasses in all demonstration and test sessions
so that they would not provide any inadvertent cues to the
participating subjects.

Data scoring

All experiments were videotaped from two sides, behind the
observation compartment and directly above the test box
within the test compartment tunnel. All recordings of the
test sessions were scored/coded (excluding the observation-
only sessions) with Solomon Coder (version beta 19.08.02).
Following our hypothesis and predictions the succeeding
behaviours were coded for all test sessions: 1) the approach
duration from the opening of the gate to hopping onto the
test box with both feet touching (to estimate how fast indi-
viduals were in approaching the box), which was converted
to the approach pace, see below; 2) the removal latency from
landing on a test box with both feet to the opening method
(vertical movement) with the stopper being pulled out or
pushed into the box (to estimate how long it took individu-
als to make a response); 3) the total response duration from
landing on the test box to feeding, hence, completing the
trial by retrieving the reward (to estimate how long it took
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individuals to solve the task); as well as 4) the response type
frequency of push vs. pull, black vs. white (to estimate how
many individuals used the respective opening method). As
the TG individuals were tested in the tunnel and the CG
individuals were not, the distance to approach the test box
was different for the two experimental groups. Therefore,
the approach pace was calculated for each individual and
each trial by dividing the approach time by the approach dis-
tance. The resulting pace made the individual traveling times
comparable between groups irrespective of distance. One
independent rater, who was blind to the study, scored 10%
of all videos (assigned at random) to check for the interob-
server reliability, with Kappa for the Categorical (push ver-
sus pull £=1.00) and Intraclass Correlation Coefficient for
the numerical data (approach duration ICC =0.99, removal
latency ICC =0.99, response duration ICC=0.94).

Statistical analysis

To analyse the behaviour of the Kea several generalized lin-
ear mixed models (GLMM) were fitted in R (version 4.2.0;
R Core Team, 2021) using the function Imer of the package
Ime4 (version 1.1-27; Bates et al. 2015), using data from
all completed trials. To answer our main research ques-
tion—whether Kea matched the behaviour of the demonstra-
tors—we used a binomial GLMM to test if the probability
to push differed between experimental groups. To control
for potential colour or side (bias) effects we ran a binomial
GLMM to test whether there was a difference between the
experimental groups concerning colour choice (white versus
black) and side (left versus right). To assess whether the time
it takes to complete the task differed between experimental
groups we ran three linear mixed models. First, using the
pace to approach the box as a response variable, we tested
whether the observer birds were faster to approach the test
box. With a second model, we investigate whether the total
time to complete the task differed between experimental
groups. Finally, we tested whether the latency to make a
removal response differed between experimental groups, for
details on the analysis see Online Resource 1. In all of the
above models our key fixed effects were experimental group,
session number, trial number, and all their interactions up to
the third order. Additional fixed effects were age and sex. We
also included random intercepts for the individual and ses-
sionID (a factor combining session number and individual)
nested within the individual. We included random slopes
of session number and trial number and their interaction
in individual as well as the random slope of trial number
in sessionID. Full models were compared to their respec-
tive null models excluding the key fixed effects of interest
(experimental group; session number; trial number) and all
their interactions up to the third order, but otherwise similar
with respect to the random effects structure to avoid cryptic

multiple testing (Forstmeier and Schielzeth 2011). Cases
in which an individual was carried in were excluded (on a
trial basis) from approach pace and response duration (four
individuals in six sessions and altogether nineteen trials)
additionally we also excluded non- participation cases (three
individuals did not participate in one session and one indi-
vidual did not participate in four sessions). Our main models
included data from all sessions (session 1-7) to make it com-
parable to Heyes and Saggerson. However, as kea are very
fast learners, we predicted that potentially large differences
between experimental groups would be most pronounced
in the first session and may be gone by session two and
onwards. A linear model may have little power to detect such
a non-linear effect, therefore, session 1 was tested separately.
To contrast our results from session 1 to the remaining ses-
sions we also analysed sessions 2—7, see supporting material
(Online Resource 1 and 2) for further information on model
details, output and model diagnostics.

Results

Fourteen of the 18 individuals that participated in testing
completed all seven test sessions with all ten trials. From
the four individuals that did not complete all sessions and
trials, two individuals completed six sessions (ID7 and
ID18), one individual completed five sessions (ID 8) and
the first three trials of session six and one individual com-
pleted three sessions (ID9), for details on IDs see Table 1.
With regard to stopper colour choice, the full-null model
comparison of the linear mixed effects model illustrated
that there was an interaction between the experimental
group, trial and session (y*=5.285, df=1, P =0.022),
revealing that while the control group was more constant
in their selection behaviour the test group had a slightly
higher probability to choose white, especially in later
sessions and trials (see Online Resource 2). However,
there was no significant difference between experimen-
tal groups concerning colour choice overall (y*=2.041,
df=1, P=0.15, see Online Resource 1 Fig. 6). In addition,
all groups illustrated a strong side bias to the side that was
closest to them (left side), however, this bias was the same
across experimental groups (){2 =0.13,df=1, P=0.72, see
Online Resource 1 Fig. 7).

Removal response
The predictors, experimental group, session number, trial
number and/or their interaction, did not have an effect on the

removal response (i.e., pushing or pulling stopper), as indi-
cated by the full-null model comparison ()(2 =6.630, df=7,
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P=0.468). The main response for both groups was to pull
(control group N=593, test group N=555). Push did occur
on 16 separate occasions across experimental groups with no
significant difference between the groups concerning the fre-
quency (control group N= 10, test group N=06), emphasis-
ing that their natural response is to pull. With respect to the
response to push or pull there was no significant difference
between experimental groups (chi-square test, y*=1.167,
df=1, P=0.280). Observer birds did not align their removal
response with the demonstrated direction/method.

Approach pace

Overall, the test predictors did not have an impact on the
approach pace (full-null model comparison for all ses-
sions (likelihood ratio test, ;(2 =9.775, df =7, P=0.202)).
Observer birds' average approach pace did not differ from
the control group (observers: 2.82 (1.68) mean (SD); con-
trol: (3.68 (7.87)). The model revealed considerable varia-
tion among individuals as indicated by the estimated contri-
bution of the random effect of individuals being in the same
order of magnitude as the fixed effects. For instance, the
estimated fixed effect of the experimental group was 0.216,
while the random intercept of individuals contributed a
standard deviation of 0.338, indicating interindividual vari-
ation was large compared to the difference between experi-
mental groups. Individual full-null model comparisons for
session 1 and session 2—7 did not reveal any effects of the
test predictors on approach pace, see Online Resource 2.

Response duration

Concerning the time it took individuals to complete the
entire task (response duration: from landing on the box to
feeding) the full-null model comparison revealed that over-
all the test predictors had an impact (y* =24.448, df =7,
P=0.0010) on the outcome variable. However, controlling
for removal latency within response duration over all ses-
sions illustrated that there was no more clear effect between
the experimental group, trial, session or any of their inter-
actions (;(2=4.587, df=7, P=0.71), see Online Resource
1 Fig. 9.

Further analysis of session 1 (while controlling for
removal latency) revealed a marginally significant effect
of the test predictors as a whole on response duration
(;(2=6.808, df=3, P=0.078). Looking closer at this we
found a significant interaction between the experimen-
tal group and trial number (3> =6.105, df=1, P=0.014).
This means, while taking the effect of removal latency into
account, the response duration of the control group slightly
increased, whereas observer birds decreased in response
duration over the trial number (see Online Resource 2).
However, the influence of the test predictors was no longer
detectable by session 2 (;(2 =6.641,df=7, P=0.47).

Removal latency
The latency to make a removal response was influenced

by the test predictors (y2=29.775, df=7, P=0.0001),
but the three-way interaction between test predictors was

Control

Test |

log(Removal latency)
N

45

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10

Trial number

Fig.4 Log of the removal latency session 1 for control (green) and
test (yellow) birds across trials in the first session. Boxplots show the
median (solid line), 25th—75th percentile (box) and the largest and
smallest value (whiskers). Dots reflects outliers. Note that the fig-
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ures show the raw data and does not represent the fitted model with
log (removal latency) as a response. Full-null model comparison:
x-2=21.579, df =3, P=0.000079
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non-significant. After removing this and other non-signif-
icant interaction terms we found effects of the interaction
between session and trial. The removal duration showed
a strong decrease over successive trials in session 1 (see
Fig. 4), but did not change much in the later sessions, see
Online Resource 1 Fig. 10. On average the observer birds
took a similar amount of time to remove one of the two stop-
pers than control group birds did.

As the main effect was expected in the first session with
individual learning occurring in all groups once the task
was acquired we ran a separate analysis for session 1 and
session 2-7, respectively. And indeed, after subsetting the
data to only contain session 1, the full-null model compari-
son revealed an effect of the test predictors (y* =21.579,
df=3, P=0.000079), but revealed no significant interac-
tion between the experimental group and trial. After remov-
ing the interaction, the effects of the experimental group
(4’ =7.167, df =1, P=0.0074), trial (4*=12.217, df=1,
P=0.00047) and age (y°=5.923, df=1, P=0.015) all
appeared significant, see Online Resource 2. The observer
birds (test group) on average took 0.745 log seconds less to
make a removal response in session one and older birds were
faster than younger birds.

There was an effect of trial which did not differ between
experimental groups as well as an average decrease of
latency across all groups to remove a stopper. Birds were on
average 0.328 log seconds faster per trial to remove stoppers.
The full-null comparison for the subset including sessions

two to seven did not reveal any effect of the test predictors
(#=11.108, df=7, P=0.134).

Sex differences

Each of the above models also included sex as a control
predictor; the analysis of the individual models revealed
that there was a significant difference between the sexes in
approach pace, response duration and removal latency across
all trials and sessions. Males on average were significantly
faster in approaching the test box (males versus females:
1.99 (1.89) versus 4.72 (7.99) seconds, (;(2 =12.198, df=1,
P=0.0005); males had a shorter response duration to com-
plete the task (males versus females: 2.0372 (1.64) versus
3.04 (3.56) seconds; (y*=6.321, df=1, P=0.0119)); and
males were faster to make a removal response (males versus
females: 1.69 (2.06) versus 5.27 (19.1) seconds; y* =7.049,
df=1, P=0.0079)), see Fig. 5.

Discussion

Kea that observed a trained demonstrator (1) took less
time from hopping on the box to feeding (response dura-
tion) in session one, and (2) were faster in making a vertical
removal response on the stopper once they hopped on the
box (removal latency) in session one than non-observing
control group individuals. Despite the clear social effects on
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Fig.5 Logs of the approach pace, response duration and removal
latency for females and males across all trials and sessions. Sex dif-
ferences in A approach pace between females (F) and males (M),
P=0.0005; B in response duration between females (F) and males
M), P=0.0119 and C removal latency between females (F) and

males (M), P=0.0079. Violin plots with boxplots showing the
median (solid line), 25th—75th percentile (box) and the largest and
smallest value (whiskers). Dots reflects outliers. Note that the figures
show the raw data and not the corresponding models
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observers’ initial behaviours, there was no matching of the
demonstrated stopper colour or action. Hence, in contrast to
budgerigars’ (Heyes and Saggerson 2002), the present study
could not find evidence of motor imitation in kea.

The highly significant effect of the experimental group,
in regards to removal latency in session one, suggests that
observers extracted some information from the demonstra-
tion. On the motivational level (Zentall 2006), the mere pres-
ence of a conspecific could have amplified the motivation to
participate in the task (social facilitation, Zajonc and Sales
1966). Hence, the demonstration might have incentivised
observers to engage with the set-up and led observer birds
to be quicker to respond than the non-observing control.
On a perceptual level, the demonstration could have also
amplified the spatial location of the stimuli test box and stop-
pers via the process of local enhancement (Thorpe 1963).
Observer birds, therefore, had the benefit of knowing the
relevant locations of the test set-up and could exploit this
advantage in their first attempts at solving the task.

The response duration decreased across trials in session
one for observer birds while it increased slightly for the con-
trol group, pointing towards a demonstration effect. Con-
versely, control group individuals illustrated a steep decline
in response duration in session two, allowing them to catch-
up by the third trial of the second session and redressing
any differences between the groups. The demonstration had
no more effect once an individual had gained experience at
solving the task, erasing any differences between the groups
by session two. In contrast, the budgerigars increased their
response matching in a linear fashion across the seven test
sessions indicating persistent demonstration effects (Heyes
and Saggerson 2002). For kea, the individual experience
seemed to trump any advantage an individual could gain
through a demonstration, eliminating any significant dif-
ference between the groups. This is in line with previous
findings from Huber and colleagues (2001) who illustrated
that for kea individual experience with a task takes prec-
edence over close copying of a conspecific demonstrator. It
is likely that kea abandon paying any attention to a demon-
stration once they have acquired the necessary information
to solve the task on their own. However, the activities of the
demonstrator did enhance the performance of the observ-
ers significantly in the first session, with the observer birds
being faster to remove the stoppers in their first attempts.
This points towards kea possibly having learned something
about the relationship between a given stimulus and the
reinforcement which amplified their motivation. In other
words, the observed connection between manipulandum
and reinforcement for the demonstrator could form a “Pav-
lovian association” (Whiten and Ham 1992) for the observer.
This association between stimulus and reinforcement would
indicate observational conditioning (Zentall 2006). These
results are in line with previous studies on kea illustrating
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that motivation, manipulation propensity and efficiency are
amplified by a demonstration (Huber et al., 2001), albeit
without including imitation effects.

Arguably, the combination of social facilitation, local
enhancement and observational conditioning is an efficient
way of dealing with foraging problems. These mechanisms
mitigate the risk of trial-and-error learning that is solely
reliant on spatial or environmental cues. By responding
to conspecifics with increased motivation (social facilita-
tion), focusing the attention on the box (local enhancement),
with the anticipation of a reward (observational condition-
ing) individuals will likely succeed in solving a task. If we
assume that kea gather as much information as possible
(about place, object and potential reward) from observing a
knowledgeable demonstrator, the question remains why they
favour individual strategies of solving the task over imita-
tion, especially in the first trial/session. In the first instance,
a demonstration shows the direct pathway from manipula-
tion to reward, it would, therefore, seem beneficial for any
observer to follow said pathway to obtain the reward. Our
results, however, illustrated that even though all birds suc-
cessfully solved the task, none of the observers applied the
demonstrated opening method to achieve this goal. Even
with a propensity for individual manipulation, in the first
instance, imitation would constitute the most promising
strategy. It, therefore, seems that an additional level of kea
behaviour has to be considered when discussing a lack of
imitation.

All kea were likely to engage with the task due to their
highly neophilic and exploratory nature. Their explora-
tory characteristic corresponds with their natural feeding
strategies, as extractive and opportunistic group foragers
(Diamond and Bond 1999) and has likely promoted social
learning. Indeed, kea fulfil many criteria that may promote
social learning, such as long lifespan, several reproductive
cycles, extended juvenile periods and care, group foraging,
curiosity and resourcefulness (Lefebvre 2000; Richardson
and Boyd 2000 in Gajdon et al. 2004, 2006). Accordingly,
experimental evidence for social learning in kea has been
provided by Huber and colleagues (2001). Furthermore, field
observations have shown that kea pay close attention to what
conspecifics are feeding on and interacting with (Diamond
and Bond 1999). However, we know from juvenile kea that
they are not prone to directly reproducing specific foraging
techniques, in terms of action patterns or topographies, but
rather focus on obtaining information about the appearance
and location of any potential food resources (Diamond and
Bond 1999). Within the process they learn to “recognize
and locate food, the social structure [however] reduces the
incentive and opportunity for them to practice individual
foraging” (Diamond and Bond 1999: 98). It is therefore very
probable that even as adults kea pay attention to the informa-
tion provided by others concerning the location and quality
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of resources while at the same time depending on individual
strategies to manipulate and extract said resources.

In general, island species, as kea are, have been shown to
exhibit more exploratory behaviour, hence spending more
time acquiring information on individual resources than
mainland species. For instance, in 2002 Mettke-Hofmann
and colleagues tested 76 species of captive parrots (Psittaci-
formes) on their exploratory behaviour and found that there
was a significant difference in exploration time between
island and mainland species with the former spending more
time on exploratory behaviour. They argue that “the value
of information is high on islands and exploration helps
island species to acquire information” (Mettke-Hofmann
et al. 2002: 267) which is particularly valuable in areas with
fluctuating food availability. Similarly, while the number of
food sources kea can take advantage of is high, with “as
many as a hundred species of plants and animals” (Diamond
and Bond 1999:17), there is a relative scarcity of any one
resource across their highly diverse habitat. Therefore, the
depletion rate of any resource is very high and the likelihood
to find that resource at the exact same location is very low.
After all, imitation “may also be disadvantageous, if cop-
ied information is outdated or mismatched to the observing
individual” (Aplin et al. 2017:7837). Thus, for kea it might
be advantageous not to waste time on a potentially depleted
resource and to gather as much information as possible on
how to access that resource at another place.

Together with the propensity toward exploration this
may explain low copying fidelity, seeing as kea are likely
to be very interested in the potential affordances of objects
(Diamond and Bond 1999; Huber et al., 2001) and hence
in applying trial and error-based strategies. This predispo-
sition arguably is opposed to any tendency to reproduce
demonstrated actions even in the first instance and instead
would suggest a stronger likelihood that kea devise their
own behavioural strategies from the get go, i.e. engage in
emulation learning (Tomasello 1998). Previous studies indi-
cate exactly this propensity and, given the aforementioned
profile, provide a very probable interpretation of kea behav-
iour and social learning mechanisms. Hence, kea may have
a predisposition towards emulation over imitation in their
response to any given demonstration, based on their natural
feeding ecology. Alternatively, kea may be flexible in apply-
ing any one social learning mechanism depending on the
task. This would mean that the composition and complexity
of the task guides the strategy applied. For instance, dogs
have illustrated to apply inferential selective imitation in a
rod-pulling task (Range et al. 2007) and in 2014 Kuczaj
and Eskelinen could show that dolphins not only differenti-
ated what to imitate from whom (i.e. individuals and con-
text-dependent) but also that calves selectively only copied
behaviours that were either novel or more complex than their
own. This would mean that indiscriminate imitation might

not be the sole strategy in social learning species but rather
that some species may apply imitation selectively dependent
on the “behavioral context, novelty of the behaviour, (and)
significance of the model” (Kuczaj and Eskelinen 2014:
232).

One limitation of the study at hand may be a potential
selection bias that was introduced through the test setup, as
individuals were selected for the test groups that were toler-
ant towards the observation tunnel (see Subjects section).
This might have inadvertently introduced a STRANGE-
related bias (Webster & Rutz, 2020). Hence, a selection
bias towards those individuals that were bolder and more
exploratory and, therefore, could easily be trained to stay
inside the observation tunnel. Subsequently, those individu-
als that were faster, in general, may have been selected for
the test groups, hence, explaining any differences we see
in the experimental treatment. The significant difference
between the sexes in all scores, with the males perform-
ing more quickly than the females can potentially also be
explained as an artefact of the test set-up (replication study)
with four high-ranking males as demonstrators and an unbal-
anced male—female ratio across experimental groups (the test
group had more males and the control group more females).
To that effect, the selection bias may have amplified a known
aspect of the social structure of kea. Diamond and Bond
suggested that male kea are bolder and show more explora-
tory behaviour than females (Diamond and Bond 1991,
1999). Past experience has shown that male kea are faster
to respond in test settings, while females seem to be more
tolerant towards waiting, i.e. more patient. For instance,
tested in a triadic cooperation task, male kea were faster to
approach partners to initiate cooperation, however, females
were better at waiting for the second partner to collectively
solve the task (Schwing et al. 2020). An additional constraint
on female participation may have been the breeding season,
which leaves females less motivated to participate in testing.
The combination of a selection bias (resulting in uneven
sex ratio within the experimental groups), sex difference in
general motivation to participate, paired with the seasonal
unavailability of females could explain the present results
and should be closely monitored in future studies.

In conclusion, our results illustrated that exploration rates
were high in those groups that received a demonstration,
indicating motivational and attentional shifts and hence
pointing toward social learning effects in observer birds
during initial exposure to the task. The study offers a valu-
able contribution to the ever-growing literature on social
learning, which is marked by a distinct lack of truly com-
parative studies, as noted by Galef and Whiten (2017). In
fact, although there seems to be undisputed agreement on
the value of replication studies the pressure to publish novel,
positive (significant) results limit the availability of such
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studies, for a comprehensive review on the topic see Farrar
et al. (2021).

In line with previous studies, our results suggest that
kea have a tendency toward applying individual techniques
to solving a task which opens the question of whether kea
engage in motor imitation at all or if in contrast they favour
emulation over motor imitation. Alternatively, the task may
have been too simple, or the two actions (push and pull) too
similar and hence not suitable to test for imitative behaviour.
Corresponding with social learning behaviour, the low diffi-
culty level of the task may not have been adequate to induce
imitative behaviour as a response (Garcia-Nisa et al. 2023).
Kea may apply imitation selectively (Kuczaj et al. 2012,
2014) depending on the complexity, context and novelty of
the task which would require a test set-up conducive to this
propensity. Future studies will have to focus on devising a
task that will tip the balance in favour of the application of
imitative behaviour. This could be achieved by increasing
the overall complexity of the task, and therefore, making it
less likely that kea depend on individual learning to solve
the task. Alternatively, rewarding could be manipulated by
introducing asymmetry in the pay-offs, in line with Aplin
and colleagues (2017), to incentivise observers to apply imi-
tative behaviour.
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