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Kea, bird of versatility. Kea parrots (Nestor notabilis) show high
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Abstract

Social learning is an important aspect of dealing with the complexity of life. The transmission of information via the observation
of other individuals is a cost-effective way of acquiring information. It is widespread within the animal kingdom but may differ
strongly in the social learning mechanisms applied by the divergent species. Here we tested eighteen Kea (Nestor notabilis)
parrots on their propensity to socially learn, and imitate, a demonstrated sequence of steps necessary to open an apparatus con-
taining food. The demonstration by a conspecific led to more successful openings by observer birds, than control birds without a
demonstration. However, all successful individuals showed great variation in their response topography and abandoned faithfully
copying the task in favour of exploration. While the results provide little evidence for motor imitation they do provide further
evidence for kea’s propensity towards exploration and rapidly shifting solving strategies, indicative of behavioural flexibility.
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Zusammenfassung

Keas, Vogel der Vielseitigkeit. Kea-Papageien (Nestor notabilis) zeigen eine hohe Verhaltensflexibilitit bei der Losung
einer demonstrierten Sequenzaufgabe.

Soziales Lernen ist ein wichtiger Aspekt im Umgang mit der Komplexitidt des Lebens. Das Erlangen von Informationen
durch die Beobachtung Anderer ist eine effiziente Moglichkeit der Informationsbeschaffung. Diese Art des Lernens ist im
Tierreich weit verbreitet, kann sich jedoch hinsichtlich der unterschiedlichen sozialen Lernmechanismen, welcher sich die
verschiedenen Arten bedienen, stark unterscheiden. Achtzehn Kea-Papageien (Nestor notabilis) wurden auf soziales Lernen, im
Speziellen auf imitatives Lernen einer demonstrierten Abfolge von Schritten zum Offnen eines mit Futter gefiillten Apparats,
getestet. Die Resultate ergaben, dass eine Demonstration durch einen Artgenossen bei Beobachtervogeln zu erfolgreicheren
Losungsansitzen fiihrten als bei Kontrollvogeln welche keine Demonstration erhielten. Allerdings zeigten alle erfolgreichen
Individuen grofe Unterschiede in der Topographie ihrer Reaktion, der genauen Abfolge an Bewegungen. Ebenfalls gaben
sie das getreue Kopieren der Aufgabe zugunsten von Erkundungs- und/oder individuellen Losungsstrategien auf. Insgesamt
zeigten unsere Ergebnisse, dass Keas starke Verhaltensvariabilitit und Flexibilitit zeigen, wenn sie eine komplexe motorische
Aufgabe 16sen. Damit stellen sie ein groBartiges Modellsystem zur Untersuchung der Verhaltensflexibilitét dar.

This article is a contribution to the Topical Collection ‘50 years
anniversary of the Nobel Prize in Physiology or Medicine to Karl
von Frisch, Konrad Lorenz and Niko Tinbergen in 1973".
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Introduction

Social learning can be defined “as a change in behavior that
follows the observation of another (typically a conspecific)
perform a similar behavior, the products of the behavior,
or even the products alone” (Zentall 2012: 114). Which
type of information is acquired through observation may
differ strongly and is reflected in so-called social learning
mechanisms. Motivational factors such as social facilitation
(Zajonc 1965) promote the acquisition of information or
change in behaviour by the observer via the mere presence
of a demonstrator (Zentall 2001). Perceptual factors such
as local (Roberts 1941) or stimulus enhancement (Galef
1988) can facilitate information acquisition by drawing the
attention of the observer to either the location or stimulus of
importance (Zentall 2001). In emulation (Tomasello 1998)
the results of a demonstrated behaviour affect the observer
who may strive to generate the same effect on the environ-
ment/objects as the demonstration did, without necessar-
ily understanding the actions or reproducing the behaviour.
Imitation is a specific learning mechanism, defined by a high
degree of copying fidelity/response matching (Whiten and
Ham 1992; Whiten et al. 2009), and cannot be explained by
motivational, perceptual, or attentional factors alone (Zentall
2012), for a comprehensive overview of social learning
mechanisms see Hoppitt and Laland (2013). Social learn-
ing is taxonomically widespread, ranging from insects to
birds and mammals, possibly because it is a cost-effective
way of acquiring information. Yet, social learning is not
always advantageous (Giraldeau et al. 2002; Garcia-Nisa
et al. 2023) and different social learning mechanisms may
have different thresholds in this respect.

Great apes, for instance, seem to be less prone to show
imitation than other forms of social learning like emulation
(Horner and Whiten 2005; Tennie et al. 2006; Clay and Ten-
nie 2018). On the other hand, Marmosets (Callithrix jac-
chus) (Bugnyar and Huber 1997; Voelkl and Huber 2000,
2007) and dogs (Canis familiaris) (Huber et al. 2009, 2018,
2020) show high-fidelity imitation despite not being closely
related to humans (Homo imitans as proposed by Meltzoff
1988). This suggests that high-fidelity imitation may be
driven by natural ecology and social structure rather than
phylogenetic relatedness. In fact, experimental evidence has
illustrated that various avian species, namely budgerigars
(Melopsittacus undulates) (Dawson and Foss 1965; Heyes
and Saggerson 2002), European starlings (Sturnus vulgaris)
(Fawcett et al. 2002), Japanese Quail (Coturnix japonica)
(Akins and Zentall 1998; Akins et al. 2002), Common
Ravens (Corvus corax) (Loretto et al. 2020) and Pigeons
(Columba livia) (Nguyen et al. 2005) show (simple forms)
of motor imitation.
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Parrots are renowned for their technical intelligence,
vocal mimicry and social learning capacities (Pepperberg
and Funk 1990; Huber et al. 2001; Funk 2002; Huber and
Gajdon 2006; Werdenich and Huber 2006; Auersperg et al.
2009, 2011, 2012, 2014; Miyata et al. 2011; Goodman et al.
2018; Klump et al. 2021; Smith et al. 2022). Yet surprisingly
few parrot species have been tested on their motor imita-
tion skills (budgerigars: Dawson and Foss 1965; Galef et al.
1986; Heyes and Saggerson 2002; grey parrots (Psittacus
erithacus): Moore 1992; kea (Nestor notabilis): Huber et al.
2001; Suwandschieff et al. 2023; Goffin cockatoos (Cacatua
goffiniana): Auersperg et al. 2012), revealing mixed results.
Whereas most studies find evidence for motor imitation, the
studies on kea remained inconclusive.

Kea (Nestor notabilis) possess well-developed technical
skills (Huber and Gajdon 2006), have long lifespans with
multiple reproductive cycles, extended juvenile periods
accompanied by considerable in-group tolerance, are highly
neophilic and exploratory (Diamond and Bond 1999).
They also have a very large number of documented food
sources (Brejaart 1988; Clarke 1971; O’Donnell and Dilks
1994) many of which need to be extracted, which strongly
suggest transfer of knowledge between individuals. All these
characteristics facilitate the development of social learning
(Gajdon et al. 2004), yet experimental evidence for imitation
in this species is still missing. Therefore, we tested kea, for
their social learning skills in a demonstrated sequence task.
Specifically, we aimed at exploring kea’s imitative social
learning capacities. We hypothesised that when confronted
with a relatively complex two-step task, kea would pay
attention to, and copy the behaviour of, a skilled conspecific.
We thus predicted that observers would preferentially use the
demonstrated opening side, sequence and colour whereas
non-observing control individuals would apply trial-and-
error learning to solve the task.

Method
Subjects

Eighteen kea from the Haidlhof Research Station (Bad
Voslau) participated in this study. All individuals were
group-housed in an outdoor aviary equipped with perches,
nesting areas, ponds, and various enrichment. All birds were
fed three times a day, had access to water ad libitum and
were not food deprived for testing. All individuals had prior
experience with experimental testing and participated on a
voluntary basis in the task. The testing compartment at the
Haidlhof Research Station can be visually separated from
the rest of the aviary and can be further divided into two
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different areas. The individuals were assigned to test groups
of three and five individuals and two control groups of five
individuals each. The distribution was sex and age balanced,
for details see Table 1 of the supplementary material.

Apparatus

A rectangular box (44 X 18 X 18 cm) with two aluminium
sliding lids, two pins, two strings and two rings served as
the test box, see Fig. 1. The test box was designed to pro-
vide a sequence function, requiring the subjects to pull a
pin on top of the box, to then be able to open the opposite
sliding lid by pulling a ring attached at the side of the box.
The adjacent sliding lid remained locked. Hence, the only
solving sequences for the test box were left pin—right ring or
right pin—left ring. Electronics were added inside the box to
provide the sequence function. If no pin or both pins were
pulled the mechanism locked both lids and no rewards could
be retrieved. Manual locking keys were added to provide
a full and partial locking function for demonstrator train-
ing and demonstration sessions. The box was divided into
equally sized reward sections underneath the sliding lids and
a GoPro fixture was attached at the base.

The pins were coloured in red and yellow, which is on the
preferred spectrum for kea, and the strings and rings in green
and blue (less preferred spectrum) respectively (Weser and
Ross 2013). Each side and sequence had one preferred and
one less preferred colour pairing, minimising the potential
for a side bias based on colour preference alone. To increase
salience, only those parts that needed direct manipulation
were coloured, i.e., the pins, strings, and rings.

Procedure

To minimize the effects of individual learning over social
learning, all test sessions consisted of one trial only. Each
session/trial was terminated either after successful reward
retrieval or a maximum of two minutes of exploration—i.e.
pulling and touching different ring-pin combinations with-
out opening success. A stopwatch was used to track the two
minutes and all sessions were terminated by removing the
individuals from the test compartment once either criterion
(removal response or time-out) was met. Subjects from test
groups received two experimental phases, whereas subjects
from control groups received three phases (see below). In all
phases, both sides of the box were baited and each sequence
was rewarded. However, removing a pin and pulling on the
wrong ring, pulling both pins or pulling on the rings without
having removed the respective pin did not lead to any reward
(as the doors were locked). Altogether four sessions (of one
trial each) were tested on three consecutive days. On the first
day, phase one (consisting of only one session) was tested
in the morning and the first session of phase two (consisting

of three sessions) in the afternoon. On the second and third
day, each individual only received a morning test session of
session two and three of phase two respectively.

The experimenter wore mirrored sunglasses (as has been
applied before by Bastos and Taylor 2020; Suwandschieff
et al. 2023) and remained silent during testing (excluding
direct commands such as “enter”, “exit” etc.) to avoid
unintentional cueing.

Phase 1: Forced failure task to all birds Pins were
removed on this occasion and the test box could not be
opened. All individuals (of all experimental groups)
received access to the test box and were allowed to try
and open it for two minutes. As the pins were missing all
individuals were forced to fail this task. After two minutes
passed the individual exited the testing compartment and the
session was completed. This phase was introduced to prime
individuals on the non-functioning of the task, focusing
the attention towards the essential pins and increasing the
motivation to follow a demonstration.

Phase 2: Non-demonstrated task Control Group
(CG) Control group individuals were allowed to try and
solve the task by trial-and-error for three sessions (on three
consecutive days).

Phase 2: Demonstrated task Test Groups (TG) Test
group individuals received three demonstration sessions
of three trials each followed by three test sessions of one
trial each (test following demonstration session in direct
succession) on three consecutive days. Side/sequence and
demonstrator assignment were counterbalanced across the
two groups (see Table 1 of the supplementary material).

Phase 3: Demonstrated task Control Test (CGTest)
In the third phase, former control group birds (minus the
two demonstrator birds) were randomly assigned to the two
demonstrators and were tested again, this time as observer
individuals. The test setup was identical to the phase two
demonstrated task of the test group.

Data scoring and analysis

All experiments were videotaped from two sides, behind the
observation compartment and directly above the test box
(GoPro) within the test compartment, for the exact setup
see Fig. 1 of the supplementary material. All GoPro videos
of the test sessions were scored/coded with Solomon Coder
(version beta 19.08.02) and one independent rater (blind to
the study) scored 10% of all videos. Interobserver reliability
was tested with Cohen’s Kappa for the categorical (k=0.93)
and Intraclass Correlation Coefficient for the numerical data
(ICC=0.711, approach duration; ICC =0.999, response
duration; ICC =1, solving latency), for more information
see the supplementary material.

A total of 74 sessions were analysed. Two individuals did
not participate in two sessions and one session respectively,
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(b)

Fig. 1 Test box a front view of two pins b side view of green and blue ring respectively

all other individuals completed all three of their test sessions.
A binomial test was applied to compare the success rate
of the test versus the control group, using the proportion
of successful control birds as the baseline chance level of
solving the setup spontaneously without demonstration. All
other analyses were strictly descriptive.

Results

After all subjects had experienced a non-functional
apparatus (phase 1), they were allowed to engage in the task
with or without prior demonstration of a skilled conspecific
(phase 2). In sum, four individuals from the test group
(out of a total of 8) successfully solved the task and two
individuals from the control group (out of a total of 10).
The exact binomial test resulted in a nearly significant trend
between the test and control group (x=4, n=8, p=2/10;
p-value =0.056).

The control group individuals participated in an
additional round of testing (phase 3), in which they received
a demonstration prior to getting access to the task again.
Four individuals who had failed to solve the task without
receiving a demonstration successfully solved the task after
receiving a demonstration. In contrast, one of the individuals
from the control test group, who had solved the task without
receiving a demonstration (in the control group round), did
not solve the task after receiving a demonstration (in the
control test group round). Assessing the birds’ performance
after receiving a demonstration (test group plus control test
group) versus without a demonstration (control group), the
exact binomial test revealed a significant difference between
the groups with the test groups performing much better
on average than the control group (x=8, n=16, p=2/10;
p-value=0.007). When comparing the within-subject design
of the control group versus the control test group (repeated
measure) twice as many individuals successfully solved the

@ Springer

task after having seen a demonstration (x=4, n=8, p=2/10;
p-value =0.056). Half of the successful individuals (4/8)
that saw a demonstration solved the task via the opposite
(non-demonstrated) sequence and later reversed to the
demonstrated sequence in subsequent sessions, see Table 1.

Discussion

We show that kea were able to solve a rather difficult two-
step sequence task and that receiving a demonstration
of a skilled conspecific had a positive effect on solving
success. However, successful birds showed a high variation
in their response topography and often abandoned
faithfully copying the task in favour of exploration. This is
particularly interesting in the case of John, who followed
the demonstrated sequence twice and then generalised in
the other direction.

The effect of demonstration becomes particularly clear
when combining the results from phase two and three. Eight
out of 10 subjects that came to solve the task did so after
a demonstration. That kea can profit from social learning
is in line with previous studies (Huber et al. 2001; Huber
2002; Suwandschieff et al. 2023). However, the current study
provides little evidence for motor imitation, despite vari-
ous methodological differences from the other studies. For
instance, previous experiments illustrated that the motiva-
tion to follow a demonstration was low. It was theorized
that the complexity of the demonstrated actions could have
contributed, as they likely were too simple to require a dem-
onstration to solve the task (Suwandschieff et al. 2023), or
too complex to follow the demonstration from afar (Huber
et al. 2001) and reproduce with high fidelity. Therefore, the
task was made more difficult than the basic two-choice task,
while avoiding the complexity of the multi-lock box, and the
forced failure in phase one was introduced to prime individu-
als on the task difficulty and to increase their motivation to
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Table 1 Individuals that successfully solved the task per experimental group

Switched
in session

no

Stayed consistent for
no of sessions

Applied demonstrated Applied non

No of successful Demonstrator

Raised Group

Sex Age

Name

demonstrated
sequence

sequence

sessions (out of 3)

NA
NA

3/3
171
2/3
2/2

NA
NA

NA
NA

NA
NA

Parent Control

Hand

17
8

Male

Frowin

Control
Test

Female

Male

Papu

in Session 3

in Session 1 and 2

Frowin

Parent

22
3

John*
Tai*

NA

Never

in Session 1 and 3

Frowin
Paul

Test

Parent
Hand

Female

12
212
1/1
2/2

171

In Session 1

in Session 2

Test

14
17
14

4

Female

Male

Coco
Pick

NA
NA

In Session 1 and 2

Never

Paul

Test

Hand

In Session 1

Never

Paul

1

2

1

2

Control Test
Control Test
Control Test
Control Test

Hand

Female

Male

Sunny

NA
NA

Never

in Session 2 and 3

Paul

Hand

Skipper

Never

in Session 1

Frowin

Parent
Hand

5

Female

Fay

172

in Session 3 In Session 1

Frowin

14

Female

Plume

Table indicates name, sex, age, rearing, and experimental group. Number of successful sessions out of three test sessions, assigned demonstrator, application of demonstrated sequence and

according session information, application of non-demonstrated sequence and according session information, count of consistent opening sequence out of three test sessions, and number of

switches in opening sequence out of three test sessions

*Received two additional trials

follow a demonstration. Yet, these measures did not result
in a higher copying fidelity than the other studies. On the
one hand, half of the solvers used the opposite sequence
to the demonstrators. On the other hand, solving success
appeared not to reference solving consistency, as successful
birds continued to explore the solving potential by applying
different opening methods (see supplementary material for
details). This variation in solving behaviour unfortunately
made a statistical comparison not possible in terms of actual
mechanisms, or quantifiable behavioural differences with
previous studies.

As all individuals, regardless of the experimental group,
participated in the forced failure task, it is improbable that
our results can be solely explained by social facilitation
or local enhancement. Although we cannot rule out the
possibility that the mere presence of a demonstrator
motivated individuals to engage in the task, we have
established that all individuals will do so even in the
absence of a conspecific. Therefore, the presence of
another individual does not appear to be the primary factor
explaining our results. Additionally, since the location of
the test box remained constant throughout the different
phases, no additional information could have been gained
from the demonstration. Consequently, this does not explain
the discrepancy between the experimental groups. While
the success rate of observer birds and the varied response
patterns exhibited by successful individuals indicate
emulation, we cannot dismiss the potential influence of
stimulus enhancement. A test setup that clearly distinguishes
these two mechanisms would have to be devised, i.e.,
one including a ghost control (Whiten and Ham 1992).
Consistent with previous findings kea show high behavioural
flexibility (Werdenich and Huber 2006; Auersperg et al.
2011; Laschober et al. 2021) and preferentially engage in
exploratory behaviour, being more interested in potential
affordances than feeding success (Diamond and Bond 1999;
Huber et al. 2001; Smith et al. 2022; Suwandschieff et al.
2023). These results are in accordance with kea’s natural
feeding strategies, as opportunistic group foragers, with kea
paying close attention to what others feed on while engaging
in individual manipulation strategies to obtain the resources
(Diamond and Bond 1999). In addition, it corresponds with
the characteristics of island-dwelling parrots, as described
by Mettke-Hofmann and colleagues (2002) who found that
island species spend significantly more time on exploratory
behaviour especially in areas of seasonally fluctuating food
availability.

In conclusion, we find strong evidence that observing a
conspecific opening an apparatus via two steps affected the
solving success of observer kea. They thus profit from social
learning, which aligns well with other studies on parrots and
songbirds showing social information transmission and the
spread of novel foraging techniques within captive groups

@ Springer
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and wild populations (e.g. Slagsvold and Wiebe 2011;
Auersperg et al. 2014; Aplin et al. 2015; Klump et al. 2021).
However, in our study, the response topography of solvers
was variable and the copying fidelity was at a very low level,
providing no indication of motor imitation over emulation
or stimulus enhancement in kea. Therefore, our findings
corroborate that kea display strong behavioural variability
when attempting to solve a complex motor task. They
also keep on exploring options after a successful solution
and may rapidly shift solving strategies. Taken together,
this makes kea a great model system to study behavioural
flexibility but not so much for imitation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10336-023-02127-y.

Acknowledgements We are thankful to Andras Péter for his help with
devising the test box, Louise Mackie for her help with interobserver
reliability check, Remco Folkertsma for his help with data analysis, the
Austrian Science Fund (FWF) for funding the project (P 33507-B) and
to the entire staff at the research station Haidlhof for their hard work
and ongoing support.

Author contributions ES: design, data collection, data curation
and analysis, manuscript original draft, revisions, final manuscript;
LH: conceptualisation, design, supervision, manuscript review;
TB: conceptualisation, design, supervision, manuscript review; RS:
conceptualisation, funding acquisition, design, supervision, manuscript
review and editing. All authors read and approved the final manuscript.

Funding Open access funding provided by Austrian Science Fund
(FWF). This research was funded in whole, or in part, by the Austrian
Science Fund (FWF) [P 33507-B]. For the purpose of open access, the
author has applied a CC BY public copyright licence to any Author
Accepted Manuscript version arising from this submission.

Data availability All data generated or analysed during this study are
included in this published article [supplementary material file: raw data].

Declarations

Conflict of interest All authors have read the submitted version of this
manuscript and declare no conflicts of interest. The authors have no
relevant non-financial interests to disclose.

Ethical approval The study is in accordance with the Good Scientific
Practice guidelines and national legislation (ETK-10/11/2016) and has
been approved by the institutional ethics and animal welfare committee
at the University of Veterinary Medicine, Vienna.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will

@ Springer

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Akins CK, Zentall TR (1998) Imitation in Japanese quail: the role
of reinforcement of demonstrator responding. Psychon Bull Rev
5:694-697. https://doi.org/10.3758/BF03208847

Akins CK, Klein ED, Zentall TR (2002) Imitative learning in Japanese
quail (Coturnix japonica) using the bidirectional control proce-
dure. Anim Learn Behav 30:275-281. https://doi.org/10.3758/
BF03192836

Aplin LM, Farine DR, Morand-Ferron J, Cockburn A, Thornton A,
Sheldon BC (2015) Experimentally induced innovations lead to
persistent culture via conformity in wild birds. Nature 518:538-
541. https://doi.org/10.1038/nature13998

Auersperg AMI, Gajdon GK, Huber L (2009) Kea (Nestor notabilis) con-
sider spatial relationships between objects in the support problem.
Biol Let 5:455-458. https://doi.org/10.1098/rsbl.2009.0114

Auersperg AMI, von Bayern AMP, Gajdon GK, Huber L, Kacelnik
A (2011) Flexibility in problem solving and tool use of kea and
new caledonian crows in a multi access box paradigm. PLoS
ONE 6:€20231. https://doi.org/10.1371/journal.pone.002023 1

Auersperg AMI, Szabo B, Von Bayern AMP, Kacelnik A (2012)
Spontaneous innovation in tool manufacture and use in a Gof-
fin’s cockatoo. Curr Biol 22:R903-R904. https://doi.org/10.
1016/j.cub.2012.09.002

Auersperg AMI, von Bayern AMP, Weber S, Szabadvari A, Bugnyar T,
Kacelnik A (2014) Social transmission of tool use and tool manufac-
ture in Goffin cockatoos (Cacatua goffini). Proc Royal Soc B Biol Sci
281:20140972. https://doi.org/10.1098/rspb.2014.0972

Bastos AP, Taylor AH (2020) Kea show three signatures of domain-
general statistical inference. Nat Commun 11:1-8. https://doi.
org/10.1038/s41467-020-14695-1

Brejaart R (1988) Diet and feeding behaviour of the kea (Nestor
notabilis). Doctoral dissertation, University of Canterbury.
https://hdl.handle.net/10182/5018

Bugnyar T, Huber L (1997) Push or pull: an experimental study on
imitation in marmosets. Anim Behav 54:817-831. https://doi.
org/10.1006/ANBE.1996.0497

Clarke CMH (1971) Observations on population, movements and
food of the Kea (Nestor Notabilis). NZ Forest Service

Clay Z, Tennie C (2018) Is overimitation a uniquely human phenomenon?
Insights from human children as compared to bonobos. Child Dev
89:1535-1544. https://doi.org/10.1111/cdev.12857

Dawson BV, Foss BM (1965) Observational learning in budgeri-
gars. Anim Behav 13:470-474. https://doi.org/10.1016/0003-
3472(65)90108-9

Diamond J, Bond A (1999) Kea, bird of paradox: the evolution and
behavior of a New Zealand parrot. University of California Press

Fawcett TW, Skinner AM, Goldsmith AR (2002) A test of imitative
learning in starlings using a two-action method with an enhanced
ghost control. Anim Behav 64:547-556. https://doi.org/10.1006/
anbe.2002.3092

Funk M (2002) Problem solving skills in young yellow-crowned para-
keets (Cyanoramphus auriceps). Anim Cogn 5:167-176. https://
doi.org/10.1007/s10071-002-0149-4

Gajdon GK, Fijn N, Huber L (2004) Testing social learning in a wild
mountain parrot, the kea (Nestor notabilis). Anim Learn Behav
32:62-71. https://doi.org/10.3758/BF03196007

Galef BG, Manzig LA, Field RM (1986) Imitation learning in budgeri-
gars: Dawson and Foss (1965) revisited. Behav Proc 13:191-202.
https://doi.org/10.1016/0376-6357(86)90025-2


https://doi.org/10.1007/s10336-023-02127-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3758/BF03208847
https://doi.org/10.3758/BF03192836
https://doi.org/10.3758/BF03192836
https://doi.org/10.1038/nature13998
https://doi.org/10.1098/rsbl.2009.0114
https://doi.org/10.1371/journal.pone.0020231
https://doi.org/10.1016/j.cub.2012.09.002
https://doi.org/10.1016/j.cub.2012.09.002
https://doi.org/10.1098/rspb.2014.0972
https://doi.org/10.1038/s41467-020-14695-1
https://doi.org/10.1038/s41467-020-14695-1
https://hdl.handle.net/10182/5018
https://doi.org/10.1006/ANBE.1996.0497
https://doi.org/10.1006/ANBE.1996.0497
https://doi.org/10.1111/cdev.12857
https://doi.org/10.1016/0003-3472(65)90108-9
https://doi.org/10.1016/0003-3472(65)90108-9
https://doi.org/10.1006/anbe.2002.3092
https://doi.org/10.1006/anbe.2002.3092
https://doi.org/10.1007/s10071-002-0149-4
https://doi.org/10.1007/s10071-002-0149-4
https://doi.org/10.3758/BF03196007
https://doi.org/10.1016/0376-6357(86)90025-2

Journal of Ornithology (2024) 165:49-55

55

Galef BG (1988) Imitation in animals: History, definition, and inter-
pretation of data from the psychological laboratory. In: Zentall
TR, Galef BG (Eds) (1988) Social learning: Psychological and
biological perspectives. Psychology Press. https://doi.org/10.
4324/9781315801889

Garcia-Nisa I, Evans C, Kendal RL (2023) The influence of task dif-
ficulty, social tolerance and model success on social learning in
Barbary macaques. Sci Rep 13:1176. https://doi.org/10.1038/
$41598-022-26699-6

Giraldeau LA, Valone TJ, Templeton JJ (2002) Potential disadvantages
of using socially acquired information. Phil Trans Royal Soc Lond
B357:1559-1566. https://doi.org/10.1098/rstb.2002.1065

Goodman M, Hayward T, Hunt GR (2018) Habitual tool use innovated
by free-living New Zealand kea. Sci Rep 8:13935. https://doi.org/
10.1038/541598-018-32363-9

Heyes C, Saggerson A (2002) Testing for imitative and nonimitative social
learning in the budgerigar using a two-object/two-action test. Anim
Behav 64:851-859. https://doi.org/10.1006/anbe.2003.2002

Hoppitt W, Laland KN (2013) Social learning: an introduction to
mechanisms, methods, and models. Princeton University Press

Horner V, Whiten A (2005) Causal knowledge and imitation/emula-
tion switching in chimpanzees (Pan troglodytes) and children
(Homo sapiens). Anim Cogn 8:164—181. https://doi.org/10.1007/
s10071-004-0239-6

Huber L (2002) Clever birds: Keas learn through observation. Interpre-
tive Birding Bulletin 3:57-59

Huber L, Gajdon GK (2006) Technical intelligence in animals: the
kea model. Anim Cogn 9:295-305. https://doi.org/10.1007/
s10071-006-0033-8

Huber L, Rechberger S, Taborsky M (2001) Social learning affects
object exploration and manipulation in keas, Nestor notabilis.
Anim Behav 62:945-954. https://doi.org/10.1006/anbe.2001.1822

Huber L, Range F, Voelkl B, Szucsich A, Viranyi Z, Miklosi A (2009)
The evolution of imitation: what do the capacities of non-human
animals tell us about the mechanisms of imitation? Philosoph
Transact Royal Soc B Biol Sci 364:2299-2309. https://doi.org/
10.1098/rstb.2009.0060

Huber L, Popovova N, Riener S, Salobir K, Cimarelli G (2018) Would
dogs copy irrelevant actions from their human caregiver? Learn
Behav 46:387-397. https://doi.org/10.3758/s13420-018-0336-z

Huber L, Salobir K, Mundry R, Cimarelli G (2020) Selective overimi-
tation in dogs. Learn Behav 48:113-123. https://doi.org/10.3758/
$13420-019-00400-w

Klump BC, Martin JM, Wild S, Horsch JK, Major RE, Aplin LM
(2021) Innovation and geographic spread of a complex foraging
culture in an urban parrot. Science 373:456—460. https://doi.org/
10.1126/science.abe7808

Laschober M, Mundry R, Huber L, Schwing R (2021) Kea (Nestor
notabilis) show flexibility and individuality in within-session
reversal learning tasks. Anim Cogn 24:1339-1351. https://doi.
org/10.1007/s10071-021-01524-1

Loretto MC, Schuster R, Federspiel IG, Heinrich B, Bugnyar T (2020)
Contextual imitation in juvenile common ravens, Corvus corax.
Anim Behav 163:127-134. https://doi.org/10.1016/j.anbehav.
2020.03.007

Meltzoff AN (1988) The human infant as Homo imitans. In: Zentall
TR, Galef BG (eds) Social learning: psychological and biological
perspectives. Erlbaum, Hillsdale, pp 319-341

Mettke-Hofmann C, Winkler H, Leisler B (2002) The significance of
ecological factors for exploration and neophobia in parrots. Ethol-
ogy 108:249-272

Miyata H, Gajdon GK, Huber L, Fujita K (2011) How do keas (Nestor
notabilis) solve artificial-fruit problems with multiple locks?
Anim Cogn 14:45-58. https://doi.org/10.1007/s10071-010-0342-9

Moore BR (1992) Avian movement imitation and a new form of
mimicry: tracing the evolution of a complex form of learning.

Behaviour 122:231-263. https://doi.org/10.1163/156853992X
00525

Nguyen NH, Klein ED, Zentall TR (2005) Imitation of a two-action
sequence by pigeons. Psychon Bull Rev 12:514-518. https://doi.
org/10.3758/BF03193797

O'Donnell CF, Dilks PJ (1994) Foods and foraging of forest birds in
temperate rainforest, South Westland, New Zealand. NZd J Ecol
18:87-107. http://www.]jstor.org/stable/24066768

Pepperberg IM, Funk MS (1990) Object permanence in four species
of psittacine birds: An African Grey parrot (Psittacus erithacus),
an Illiger mini macaw (Ara maracana), a parakeet (Melopsittacus
undulatus), and a cockatiel (Nymphicus hollandicus). Anim Learn
Behav 18:97-108. https://doi.org/10.3758/BF03205244

Roberts D (1941) Imitation and suggestion in animals. Bull Anim
Behav 1:11-19

Slagsvold T, Wiebe KL (2011) Social learning in birds and its role in
shaping a foraging niche. Philosoph Transact Royal Soc B Biol Sci
366:969-977. https://doi.org/10.1098/rstb.2010.0343

Smith GE, Bastos AP, Chodorow M, Taylor AH, Pepperberg IM (2022)
Contrafreeloading in kea (Nestor notabilis) in comparison to Grey
parrots (Psittacus erithacus). Sci Rep 12:17415. https://doi.org/
10.1038/541598-022-21370-6

Suwandschieff E, Wein A, Folkertsma R, Bugnyar T, Huber L, Schwing
R (2023) Two-action task, testing social learning mechanisms in
kea (Nestor notabilis). Anim Cogn 26:1395-1408. https://doi.org/
10.1007/s10071-023-01788-9

Tennie C, Call J, Tomasello M (2006) Push or pull: Imitation vs. emu-
lation in great apes and human children. Ethology 112:1159—
1169. https://doi.org/10.1111/j.1439-0310.2006.01269.x

Tomasello M (1998) Emulation learning and cultural learning. Behav
Brain Sci 21:703-704. https://doi.org/10.1017/S0140525X 98441748

Voelkl B, Huber L (2000) True imitation in marmosets. Anim Behav
60:195-202. https://doi.org/10.1006/anbe.2000.1457

Voelkl B, Huber L (2007) Imitation as faithful copying of a novel
technique in marmoset monkeys. PLoS One 2:e611. https://doi.
org/10.1371/journal.pone.000061 1

Werdenich D, Huber L (2006) A case of quick problem solving in birds:
string pulling in keas, Nestor notabilis. Anim Behav 71:855-863.
https://doi.org/10.1016/j.anbehav.2005.06.018

Weser C, Ross JG (2013) The effect of colour on bait consumption of
kea (Nestor notabilis): implications for deterring birds from toxic
baits. NZd J Zool 40:137-144. https://doi.org/10.1080/03014223.
2012.710639

Whiten A, Ham R (1992) On the Nature and evolution of imitation in
the animal kingdom: reappraisal of a century of research. Adv
Study of Behav 21:239-283. https://doi.org/10.1016/S0065-
3454(08)60146-1

Whiten A, McGuigan N, Marshall-Pescini S, Hopper LM (2009)
Emulation, imitation, over-imitation and the scope of culture for
child and chimpanzee. Philosoph Transact Royal Soc B Biol Sci
364:2417-2428

Zajonc RB (1965) Social Facilitation: A solution is suggested for an old
unresolved social psychological problem. Science 149:269-274.
https://doi.org/10.1126/science.149.3681.269

Zentall TR (2001) Imitation in animals: evidence, function, and mecha-
nisms. Cybern Syst 32:53-96. https://doi.org/10.1080/01969
7201300001812

Zentall TR (2012) Perspectives on observational learning in animals.
J Comp Psychol 126:114-128. https://doi.org/10.1037/a0025381

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.4324/9781315801889
https://doi.org/10.4324/9781315801889
https://doi.org/10.1038/s41598-022-26699-6
https://doi.org/10.1038/s41598-022-26699-6
https://doi.org/10.1098/rstb.2002.1065
https://doi.org/10.1038/s41598-018-32363-9
https://doi.org/10.1038/s41598-018-32363-9
https://doi.org/10.1006/anbe.2003.2002
https://doi.org/10.1007/s10071-004-0239-6
https://doi.org/10.1007/s10071-004-0239-6
https://doi.org/10.1007/s10071-006-0033-8
https://doi.org/10.1007/s10071-006-0033-8
https://doi.org/10.1006/anbe.2001.1822
https://doi.org/10.1098/rstb.2009.0060
https://doi.org/10.1098/rstb.2009.0060
https://doi.org/10.3758/s13420-018-0336-z
https://doi.org/10.3758/s13420-019-00400-w
https://doi.org/10.3758/s13420-019-00400-w
https://doi.org/10.1126/science.abe7808
https://doi.org/10.1126/science.abe7808
https://doi.org/10.1007/s10071-021-01524-1
https://doi.org/10.1007/s10071-021-01524-1
https://doi.org/10.1016/j.anbehav.2020.03.007
https://doi.org/10.1016/j.anbehav.2020.03.007
https://doi.org/10.1007/s10071-010-0342-9
https://doi.org/10.1163/156853992X00525
https://doi.org/10.1163/156853992X00525
https://doi.org/10.3758/BF03193797
https://doi.org/10.3758/BF03193797
http://www.jstor.org/stable/24066768
https://doi.org/10.3758/BF03205244
https://doi.org/10.1098/rstb.2010.0343
https://doi.org/10.1038/s41598-022-21370-6
https://doi.org/10.1038/s41598-022-21370-6
https://doi.org/10.1007/s10071-023-01788-9
https://doi.org/10.1007/s10071-023-01788-9
https://doi.org/10.1111/j.1439-0310.2006.01269.x
https://doi.org/10.1017/S0140525X98441748
https://doi.org/10.1006/anbe.2000.1457
https://doi.org/10.1371/journal.pone.0000611
https://doi.org/10.1371/journal.pone.0000611
https://doi.org/10.1016/j.anbehav.2005.06.018
https://doi.org/10.1080/03014223.2012.710639
https://doi.org/10.1080/03014223.2012.710639
https://doi.org/10.1016/S0065-3454(08)60146-1
https://doi.org/10.1016/S0065-3454(08)60146-1
https://doi.org/10.1126/science.149.3681.269
https://doi.org/10.1080/019697201300001812
https://doi.org/10.1080/019697201300001812
https://doi.org/10.1037/a0025381

	Kea, bird of versatility. Kea parrots (Nestor notabilis) show high behavioural flexibility in solving a demonstrated sequence task
	Abstract
	Zusammenfassung
	Introduction
	Method
	Subjects
	Apparatus
	Procedure
	Data scoring and analysis

	Results
	Discussion
	Anchor 12
	Acknowledgements 
	References




