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Summary
The study of comparative cognition aims to elucidate the evolution of different domains of
cognition. By comparing and contrasting closely and distantly related species we can identify
the selective pressures that may have lead to their specific cognitive traits. Causal cognition is
considered a more complex cognitive trait and is defined as how individuals understand cause
and effect relationships. Causal relationships can be learned associatively, but there also
appears to be some species that have an intuitive understanding of the mechanisms that
underlie causal relationships. Parrots represent a relatively understudied and diverse group of
birds that display complex cognitive traits. Studying causal cognition in parrots therefore
provides information on a broad range of species that are adapted to a varied range of niches,
which vastly broadens our perspective of cognitive evolution. I studied whether different
species of parrots were capable of using understanding of causal relationships to guide their
behaviour, and specifically whether this causal understanding was driven by learned
associations or by complex cognitive processes based on underlying mechanisms.
I tested four species of parrots from the Psittacidae family: three species from the Arinae
subfamily, Ara ambiguus (great green macaws), Ara glaucogularis (blue throated macaws) and
Primolius couloni (blue headed macaws), and one species from the Psittacinae subfamily,
Psittacus erithacus (African grey parrot). In the first chapter I tested all four species on an
established test battery to evaluate a broad range of cognitive factors from both the physical
and social domain. I was able to compare the parrots’ results to both apes and monkeys that
had previously completed the same test battery. The parrots did poorly, but it was likely due to
issues with task design that made the tests especially difficult for the parrots compared to
primates. Following this, in the second chapter, I tested the two Ara species on an established
causal cognition test: the trap-tube. Although many subjects were relatively successful in the
task, the macaws showed a preference to use learned rules to find a solution rather than an
understanding based on the underlying mechanism of the apparatus. Finally, in the third
chapter, I once again tested the two Ara species in another causal cognition test: the stonedropping task. There was a division between the two Ara species in their approach to solve the
task. It appears that most of the Ara ambiguus were able to solve the task through exploratory
behaviour alone whereas the Ara glaucogularis appeared to require information on the
underlying mechanism of the apparatus to solve it.
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The first two chapters entailed choice tasks, where subjects were required to pick between two
or three options to find a reward. I discuss how this type of testing is not suitable for exploring
aspects of complex cognition as most subjects can solve these tasks using simple learned
rules. However, based on results of the second chapter, I discuss how if choice tests must be
used then there are ways to improve subjects’ motivation to not use simple learned rules.
Based on the results of the third chapter, I was able to discuss in more detail what kind of
causal understanding the two Ara species used. I came to the conclusion that although they
may have the capacity to use causal understanding based on the underlying mechanisms of
apparatuses, they do not appear to have a drive to do so, favouring learned causal associations
where possible. Finally, I contextualise these results on what we know about these parrots
ecology and suggest that a causal understanding based on functional mechanisms may not be
a factor that is especially vital for macaw cognition.
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Zussamenfassung
Das Studium der vergleichenden Kognition zielt darauf ab die Evolution von verschiedenen
Domänen der Kognition aufzuklären. Indem wir nah und entfernt verwandte Arten vergleichen
und gegenüberstellen, können wir mögliche Selektionsdrucke identifizieren, welche zu
artspezifischen kognitiven Anpassungen geführt haben könnten. Kausale Kognition wird als
eine komplexe kognitive Fähigkeit eingestuft und definiert sich als ein Verständnis des
Zusammenhang zwischen Ursache und Wirkung. Kausale Zusammenhänge können assoziativ
erlernt werden, aber es scheint, dass gewisse Arten ein intuitives Verständnis des
zugrundeliegenden Mechanismus von kausalen Zusammenhängen haben könnten. Papageien
repräsentieren eine nur mäßig untersuchte und diverse taxonomische Gruppierung von Vögeln,
die komplexe kognitive Fähigkeiten aufweisen. Das Studium von kausaler Kognition innerhalb
der Ordnung Psittaciformes (Papageien) stellt demnach ein interessantes Modell-System dar,
und erlaubt darüber hinaus eine große Brandbreite von Arten, die an verschiedenen Nischen
angepasst sind, zu untersuchen, was unser Verständnis der kognitiven Evolution erheblich
erweitern kann. Ich arbeitete mit unterschiedlichen Papageienarten um herauszufinden, ob
diese ein Verständnis von kausalen Zusammenhängen zeigten, und aufgrund dessen ihr
Verhalten flexibel steuern konnten. Darüber hinaus untersuchte ich die zugrundliegenden
Mechanismen ihres kausalen Verständnisses, nämlich ob es auf gelernten Assoziationen oder
komplexeren kognitiven Prozessenbasierte.
Ich untersuchte mit dieser Fragestellung vier Papageienarten der Familie Psittacidae: drei Arten
der Subfamilie Arinae, Ara ambiguus (Großer Soldatenra), Ara glaucogularis (Blaukehlara) und
Primolius couloni (Gebirgsara), so wie eine Art der Subfamilie Psittacinae, Psittacus erithacus
(Graupapagei). Das erste Kapitel beschreibt eine Studie, die alle vier Arten einer etablierten
kognitiven Testbatterie aus der Primaten-Kognitionsforschung unterzog, um ein breites
Spektrum an kognitiven Fähigkeiten sowohl im physischen als auch sozialen Bereich zu
untersuchen und miteinander vergleichen zu können und gleichzeitig direkte Vergleichbarkeit
mit den Ergebnissen von Menschenaffen und Affen zu erzielen. In diesem Vergleich schnitten
alle 4 Papageienarten auf Zufallsniveau ab, was vermutlich am experimentellen Design lag,
welches hauptsächlich aus „Two-Choice“ Aufgaben bestand, die bei Papageien, wie sich
herausstellte, zur Wahllosigkeit bzw. Etablierung von Seitenpräferenzen führen kann.
Darauffolgend, behandelt das zweite Kapitel eine Studie, in der die beiden Ara-Arten in einem
etablierten Kausal-Kognitions-Experiment, nämlich der „Trap-tube“, getestet wurden. Obwohl
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viele Versuchstiere die Aufgabe erfolgreich lösten, zeigte sich, dass die Aras gelernte Regeln
anwendeten anstatt den Test durch Verständnis des zum grundlegenden Mechanismus des
Apparates zu lösen. Schließlich, testete die im dritten Kapitel beschriebene Studie, die beiden
Ara-Arten in einem weiteren Kausal-Kognitions-Test, dem „stone-dropping task“. Hier gab es
Unterschiede im Lösungsansatz zwischen den beiden Arten. Die meisten Ara ambiguus lösten
die Aufgabe allein durch exploratives Verhalten, wohingegen die Ara glaucogularis den
zugrundeliegenden Mechanismus der Apparatur benützen.
Die ersten beiden Kapitel beinhalteten Auswahl-Aufgaben, bei denen die Versuchstiere
zwischen zwei oder 3 Möglichkeiten („Two- or Three- Choice“) auswählen mussten um an eine
Belohnung zu gelangen. In der Diskussion erläutere ich, warum dieses experimentelle Design
bei Papageien nicht gut geeignet ist, um deren komplexe Kognition zu erforschen. Die meisten
Versuchstiere lösen solche Aufgaben mit Hilfe einfacher, erlernter Regeln. Jedoch, basierend
auf den Resultaten des zweiten Kapitels, diskutiere ich Möglichkeiten, die Motivation des
Versuchstieres zu steigern und eine Anwendung von einfachen, erlernten Regeln zu vermeiden,
wenn ein solches „Two-Choice-Design“ unvermeidbar ist. Basierend auf den Resultaten des
dritten Kapitels diskutiere ich mehr im Detail, welche Art von Kausal -Verständnis die beiden
Ara-Arten wahrscheinlich angewandt haben. Ich komme zu dem Schluss, dass selbst wenn sie
die Kapazität besitzen, den Kausalzusammenhang des zugrundeliegenden Mechanismus zu
verstehen, sie wenig Motivation haben dies zu tun und trotzdem eher gelernte kausale
Assoziationen anwenden. Abschließend diskutiere ich diese Ergebnisse in Bezug auf unser
Wissen über die Ökologie dieser Papageien und schlussfolgere, dass ein funktionelles kausales
Verständnis von physikalischen Mechanismen wohlmöglich keine hohe ökologische Relevanz
für Aras darstellt.
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1

General Introduction

For much of recorded human history, people saw a natural order of life on earth, with humans
on top and animals on different scales below them. This scala naturae, as described by
Artistotle, separated humanity, including their sentience, from all the animals. After formulating
his theories on evolution, Darwin focused his attention on the evolution of man, concluding that
‘the difference in mind between man and the higher animals, great as it is, certainly is one of
degree and not of kind’ (Darwin, 1871); the absolute gap between humans and animals was
removed. For decades, researchers have devoted time to understand the cognitive capacities of
animals. On studying a group of captive chimpanzees on the island of Tenerife, Wolfgang
Koehler showed they may use complex elements of cognition, such as ‘insight’ and planning, for
physical problem solving (Köhler, 1917). This group of chimpanzees famously stacked boxes to
get to an out-of-reach banana. Jane Goodall was the first to record a non-human, again a
chimpanzee, using tools in the wild (Goodall, 1966), removing a factor that was once seen as
uniquely human. Irene Pepperberg showed that parrots do not just repeat human language, but
can also understand and use learnt human vocabulary appropriately (Pepperberg, 2009), even
showing a numerical concept of ‘zero’ (Pepperberg and Gordon, 2005). These are just a few of
a number of key stages in scientific history that have changed humans’ perspective of animal
minds.
Recent evidence has shown that many animals are likely capable of much more
complex cognition than humans had initially expected of them (Emery and Clayton, 2004; Van
Horik et al., 2012a). This is especially the case for birds (Güntürkün and Bugnyar, 2016), of
which corvids and parrots have been the focus of researchers studying ‘complex’ cognition
(Lambert et al., 2018). Birds provide a particularly interesting model for the study of complex
cognition because their last common ancestor with all mammals was about 300 mya. It is
possible then that comparatively complex forms of cognition apparent in certain groups of
mammals and birds are the result of convergent evolution (Osvath et al., 2014a). Such cases of
convergent or independent evolution therefore provide more broad insights into what factors
have driven the selection of ‘intelligent’ behaviour in all life on earth.
The aim of this PhD was to assess the extent to which parrots use causal cognition
when interacting with their physical environment. What do parrots understand about the
physical laws that rule their environment and to what extent can they understand them? Do they
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recognize the cause-effect relations that they, or others, can have on their surroundings? Do
they exhibit cognitive abilities in the physical domain comparable to that of other large-brained
animals, both closely and distantly related?
To contextualize the research described in this thesis, I will now define what causal
cognition is, what makes parrots an interesting group to study, how causal cognition has been
tested in the past and then finally the specifics of how we will test causal cognition in parrots.
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1.1

Causal cognition

Cognition is the process with which an animal mediates between incoming senses and outgoing
behaviour. The sensory system and behaviour of an individual affect each other in an unending
loop throughout life, reacting, detecting and changing the environment around them (Figure 1A).
Every organism has a unique brain (other sensory processing systems available) and body,
which means its interaction with the environment is a novel variation. The aim of comparative
cognition is to discover how different individuals -be they the same or different speciesperceive, interact, and understand aspects of the physical and social world (Shettleworth,
2010a). One can then attempt to answer questions such as: when and why have different
cognitive traits evolved? Have similar cognitive traits evolved on multiple occasions in distantly
related species? And, how much do environments that species live in influence their cognition?
Studying animal cognition can be neatly fitted around Tinbergen’s four questions on
behaviour. These can be thought of as: why is this brain and body adaptive for this individual?
How has a specific cognitive ability evolved? What is the exact mechanism between brain and
body that leads to this behaviour? How does a cognitive ability develop within the individual’s
lifetime? Cognition is per definition a mental process and thus a mechanism underlying
behaviours. One can then wonder what are the specific processes within the brain that have
mediated between the senses and behaviour. These processes are extremely difficult to
unpack, so researchers tend to focus on a single aspect of cognition such as attention, emotion,
personality, intelligence, decision-making, learning and memory, causal understanding,
language, or perception. However, all of these aspects of cognition are typically happening at
once, influencing one another. Trying to disentangle a specific aspect of a specific individual’s
cognition can therefore be challenging (Figure 1B). For example, an individual’s learning speed
can be influenced by its emotional state (Tyng et al., 2017). Thus, as much as we try to study
specific aspects of cognition adapted to a certain domain, i.e. the domain-specific regions, it is
likely that the entirety of an organism’s cognitive capacity is going to be something else than the
sum of these parts. For example, if you were able to accurately measure a humans attention,
their memory, their emotional processing and all the separate domain-specific regions, you
would still not have an accurate representation of their whole cognitive structure.
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B

Figure 1. (A) Broadly speaking, the study of cognition is trying to understand the processes occurring in the brain that mediate between what
senses come into the body and then the appropriate behaviour to put out. This highlights some of the key aspects of cognition. Firstly it should
always be considered in the context of its environment. Secondly, it is shaped by the body with which the brain is inside and thus cognition should
always be considered in context of the possibilities and limitations of the body. Thirdly, it is a constant process in which a change in any aspect of
environment, body or brain, causes a necessary update in the sensory input, ongoing cognition or behaviour. (B) To exemplify the complexity of
studying cognition, this sketch shows how different identified aspects of cognition occur at different stages and all affect each other. It is by no
means comprehensive, but simply an attempt to represent that even within cognition, it is almost impossible to study one aspect (in this case
causal reasoning) out of context of all the other aspects of cognition otherwise occurring. In the same way that an animals cognition and its brain
should always be considered in the context of its body, causal reasoning should also be considered in context of an animals memory or attentional
biases.
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The focus of this PhD was on physical causal understanding. Causal understanding
is defined as an individual’s understanding of cause and effect relationships. Can an animal
work out when two correlated events occur that one of those events has specifically caused
the other? Physical causal understanding therefore deals with an individual’s understanding
of the relationship between objects and their environment. These causal relationships can
however be understood in different ways. As an example, think of a crow that opens a snail
shell by dropping it onto a concrete path running through its territory. Does the crow only
recognise the spatial connection between the successful opening of shells and the concrete
area or do they specifically recognise that the concreted area is made of a harder material,
and that hard materials break things more easily? This example comprises two forms of
causal understanding. The former form of understanding describes the process in which a
subject can learn a causal link between events that are spatially or temporally linked (Le
Pelley et al., 2017) and has been referred to as ‘difference-making’ understanding by some
(Woodward, 2011), as name I will also use throughout this thesis. The latter form of
understanding specifies the process in which a subject has a grasp of the mechanism that
underlies the causal relationship, for example how forces and transfer of energy may have
made the cause create the effect (Johnson and Ahn, 2017) and has been referred to as
geometrical-mechanical understanding (Woodward, 2011). There appears to be a general
assumption that a geometrical-mechanical understanding of physical problems has a higher
representation in the brain and is more cognitively complex than a ‘difference-making’
understanding. For example, in Penn and Povinelli's (2007) critical review of the causal
cognition literature, they describe the lack of evidence of any non-human animal, specifically
using geometrical-mechanical understanding of causality. Their suggestion being that this is
a distinct difference between animals and humans in cognitively complex representations.
It is not necessarily clear why many animals would need to form a more complex
understanding of an environmental situation, if a more ‘simple’ cognitive mechanism can
theoretically produce a similarly effective reaction (Heyes, 2012). It seems a sub-optimal
use of expensive brain tissue (Aiello and Wheeler, 1995) to have different cognitive
representations dealing with the same thing. It has been argued on the other hand that
‘higher’ cognitive mechanisms may be highly adaptive for species that live in frequently
changing and unpredictable environments and thus more frequently encounter novel
situations (Sol et al., 2005). This drives them to innovate new behaviours or to generalise
from behaviours within their repertoire and successfully employ them in other areas to make
them more adaptable to novel environments (Lefebvre et al., 1997; Sol et al., 2007) and
possibly make them at less risk of extinction (Ducatez et al., 2020). These species can then
flexibly adapt and produce behaviours that have not been rehearsed or learned through
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lengthy trial and error. Causal cognition might be one of the key parts of cognition that helps
species to flexibly adapt their behaviour in these environments, and one can speculate how
both simple and complex representations of causal relationships could influence behaviour.
‘Difference-making’ causal understanding might be important for recognising the effects that
behaviours of self and others have had and then learning and repeating them. ‘Geometricmechanical’ understanding is about the flexible application of these learned behaviours to
novel occurrences or the innovation of completely new behaviours, and is perhaps more
important to animals that live more generalist lifestyles.
In the wild it is extremely difficult to know whether and what type of causal
understanding an animal might have used to guide a behaviour. This is because we do not
normally know the entire history and experiences of an animal, so it is unsure whether
seemingly complex behavior they produce had previously been learned or if the animal has
just innovated it based on an understanding of the physical properties of the task they
encountered. For example, chimpanzees are known to select specific ‘anvil’ sites that make
it easier for them to hammer open nuts with rocks (Boesch and Boesch, 1983). The anvils
are horizontal, hard surfaces that create a more efficient platform for nuts to be hammered
open on. Without knowing the first instance of this behaviour, we do not know how an
individual performing this behaviour has acquired it. It could well be that they did not
innovate the behaviour, and that it was socially learned by observing a conspecific. Even if
we knew the individual was the innovator of the behaviour, if we have not seen the first time
they did it then it is not possible to know whether some form of difference-making causal
understanding was involved in the first discovery. We cannot be certain whether the animals
learned specific areas (the anvils) opened their nuts faster, or whether they had a genuine
so-called ‘eureka’ moment, in which they considered the mechanical causal properties of a
hard flat surface. For these reasons, many aspects of causal cognition are studied on
captive animals rather than on their counterparts in the wild, as the environment is much
more controlled and all experiences of individuals are known.
To show how causal cognition can be studied much easier and well-controlled in
captivity, I will describe a key experiment from the literature. The so called ‘trap-tube’
paradigm has become a benchmark test of causal understanding in the field of animal
cognition. In the original version, capuchin monkeys (Sapajus apella) had to insert a stick
tool into a tube to push a reward out of the other side, whilst avoiding pushing the reward
into a hole, called a ‘trap’ (Visalberghi and Limongelli, 1994). Once they had succeeded at
this, the monkeys were offered the same apparatus but upside down. In this case, the trap
no longer had any effect on the reward. Thus the premise of this task was to see if the
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monkeys were attending to the geometrical-mechanical properties of the hole. If they were,
then they would recognise that an upside-down hole has no effect on the reward as it no
longer breaks the supporting surface, so they should have recognised that there was no
need to avoid the trap any longer now it was upside-down. Yet, the monkeys continued to
avoid the ineffectual trap, which suggested they had not processed the geometricalmechanical properties of the hole, but instead had associatively learned through
instrumental conditioning/formed a simple rule ‘avoid the trap’ without any further causal
learning. Alternatively, they might also have processed a difference-making account of ‘the
trap stops the reward’, but as long as there are simpler associative accounts such an
explanation is not convincing. The test employed a further ‘transfer task’ (in this case, the
upside down tube) to specifically diagnose the type of causal understanding the monkeys
used. Such transfer tasks had become a new standard in cognition studies after Heyes had
proposed the ‘triangulation’ method as a way to differentiate between associative learning
and higher cognitive accounts (Heyes, 1993). There were flaws to this test, which are
discussed in more detail in chapter 2, but it represents much of the premise of testing animal
causal cognition.
A problem within the field is that not all researchers agree on the above definitions of
causal understanding. Some would argue that ‘difference-making’ is not truly causal
understanding as it is based within associative learning theory (Penn and Povinelli, 2007). It
is true that many ‘difference-making’ causal understanding behaviours can be explained with
learning models, such as causal bayes nets (Gopnik and Schulz, 2007), but it is likely that
learning is a key part of causal understanding (Hanus, 2016). However, this does not mean
that all associatively learnt connections are causal. For example, I can learn that touching a
light switch turns on a light, which is a learnt causal connection (Le Pelley et al., 2017) but it
is also well described as operant conditioning. I can also learn that when the lights need
turning on it is nearly suppertime; there is no causality in this learned (classically
conditioned) association. Separating the processes of learned causal relationships from
more complex causal understanding based on mechanisms is reasonable, but to suggest
that learned causal connections are not part of causal understanding is unhelpful. Humans
are powerfully influenced by learned causal relationships, for example they will judge a
causal relationship between a light switch and a light as weaker if there is a delay between
touching the switch and the light turning on (Buehner and May, 2004). This change in
temporal contiguity should not influence the causal belief if the causal understanding is
purely based on a mechanistic knowledge.

15

As an example of how these differing definitions of causal understanding affect the
animal cognition field, some researchers have suggested that another main paradigm to
study causal understanding, the Aesop’s fable task (Jelbert et al., 2015), does not give any
evidence that animals have a causal understanding of the task specifically because they do
not have a predictive mechanistic understanding of the task (Ghirlanda and Lind, 2017). In
this task, subjects have to use stones to raise the water level in a tube in order to access
out-of-reach food floating at the water surface. Whereas children recognise that dropping
objects into the water will cause floating objects to rise through a mechanistic understanding
of displacement (Miller et al., 2017), animals subjects appear to mostly learn that dropping
objects into the tube makes the food move and come into reach (Jelbert et al., 2015). It is
not the same understanding, but both have elements of causality. Essentially, the lack of an
agreed definition means different researchers will look at the same evidence and disagree
whether a subject has causal understanding of a problem because they have a different
complete definition of causal understanding (Farrar and Ostojic, 2019).
Another example of where these definitions have caused problems, one researcher
uses the description of 'perceptual motor feedback' to describe the action of birds solving a
string pulling task, yet another classical paradigm to study physical and causal cognition
(Taylor et al., 2010). In this task, a reward is attached to the end of one of two pieces of
string, which must be pulled by a subject to get it. The theory behind ‘perceptual motor
feedback’ is that as they pull the string, they recognise that the reward at the end gets
closer, so continue with this behaviour. This is very close to the definition of 'differencemaking' causal understanding. The subject recognizes a connection between their pulling
action and the movement of the reward. The ‘perceptual motor feedback’ theory is then
contrasted with the idea of subjects having 'insightful' understanding of how pulling a string
moves a reward into reach. The word insightful is not helpful as it is not specific (see
Kacelnik, 2009 for an example of criticism), but it appears as if it is being used as a synonym
of ‘geometric-mechanical’ causal understanding of how a string can connect to a reward. If
people use different wording, it can be quite confusing and it can even create disagreements
due to misunderstood interpretations of behaviour because people are using similar words to
mean different things. It is difficult to create cohesion within the field if people are speaking
a different language each, or worse, even switch freely between those different languages at
convenience.
To show how both learned (difference-making) and mechanism (geometricmechanical) based understanding can be under the umbrella term of causal cognition, an
interesting similarity comes from the development of language. When children learn how to
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pluralise words, they initially make only a few mistakes. They learn the specific sounds of
words and their specific plurals. As they begin to understand language more, they recognise
that there are regular rules to pluralise words (e.g. house - houses, scientist - scientists).
However, they then go through a period where they start over-generalising these rules to
words that pluralise irregularly (e.g. mouse - mouses, sheep - sheeps) when they had
previously not done this (Pinker, 1999). Their language accuracy goes through a period of
deterioration as they learn these rules. This kind of words and rules understanding appears
remarkably similar to ‘difference-making’ and ‘geometric-mechanical’ causal understanding.
Children can directly learn all the specific words, similar to how difference-making
understanding can be used to learn all the different causal connections in a system, but the
children can also learn the underlying rules to make great leaps in their understanding of
language, much like recognising the underlying mechanical properties of causal
connections. These similarities are also seen in the ‘general intelligence’ literature. The
Horn-Cattell-Carroll model states that there are two aspects to general intelligence, fluid and
crystallised general intelligence (Burkart et al., 2017). Fluid general intelligence deals with
novel problem solving, recognition of patterns and requires no previous specific knowledge.
Crystallised general intelligence relies on experience and information from memory stores.
In all three of these cognitive examples (causal understanding, language, and general
intelligence), one process has a more direct learning basis, and the other is based on the
functional logic behind the process.
Regardless of this, what is important is that the 'more complex' forms of
understanding, the rules of language, ‘geometric-mechanical’ causal understanding and
‘fluid intelligence’, are not viewed as a superior form of cognition. Truly flexible cognition
requires both of these cognitive processes to work in unison, thus although we should
differentiate them, we should not pit them against each other. It is possible that both forms
of cognition are present in many species and differences in causal cognition between
species are caused by the communication between the two cognitive processes. The focus
within comparative cognition should be on what cognitive factors are most influential on that
species’, or even that individual’s behaviour and in turn why is it specifically adaptive for
them to have this form of cognition. This is why, in this thesis we will search for behaviours
suggestive of parrots using both difference-making causal understanding and geometricmechanical understanding, and then consider both in context of parrot’s evolutionary history.
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1.2

Parrots

Much of the inspiration for this section came from the book Parrots of the Wild (Toft and
Wright, 2016), a review of all the parrot literature up until that point. This much shorter
review is aimed at giving some greater context for the experiments on captive parrots in this
thesis.
Parrots are a diverse group of birds, comprising 399 species in 88 genera and three
superfamilies (HBW Alive, del Hoyo et al., 2017). They span a large range of sizes, have
great diversity of colours and have a wide distribution throughout the tropics and subtropics
of the world. Parrots were thought to have had their initial radiation whilst the supercontinent
Gondwanaland still existed during the cretaceous period (Wright et al., 2008) owing to the
fact that the age and distribution of the three superfamilies match the break-up of
Gondwana. However, more recent molecular evidence suggests the crown group of parrots
had their initial radiation about 55 mya (Jarvis et al., 2014). The surviving crown group of
parrots share one morphological feature that differs from those stem groups that went
extinct, their maxilla (upper beaks) (Mayr and Daniels, 1998). The maxilla is long and
curves over the smaller mandible (lower beak). Both parts of the beak are motile, meaning
the mandible can be used as a hard surface from which the maxilla can press onto creating
a high point force, and equally the mandible can scrape the maxilla to use this as a crushing
surface. Parrot beaks are thus both extremely dexterous and very powerful, allowing parrots
to access a number of food resources that other animal groups may not be able to use.
Hyacinth macaws (Anodorhynchus hyacinthus) and palm cockatoos (Probosciger atterimus)
are a distinctive example of the potential power these beaks can produce, as shown by their
proficiency in opening tough shelled palm nuts. The ability of Goffin’s cockatoos (Cacatua
goffiniana) and red fronted macaws (Ara rubrogenys) to dig for seeds, larvae and tubers
(Boussekey et al., 1991; O’Hara et al., 2019) show how flexibly these beaks can be used to
find various food sources. The parrot beak’s broad range of adaptability has probably been
a key factor in their ability to fill many ecological niches (Toft and Wright, 2016).
Within this specialised beak there is a muscular and dexterous tongue (Figure 2).
The interaction between this and the beak allows parrots to have extremely fine motor
control for delicate manipulation of objects held in their beaks. They are also powerful
enough to crush and break down food against the inside of the beak. Macaw tongues also
appear to be sensitive enough to find the smallest of cracks in tough-shelled nuts so that
force can be applied in the correct position to open them (personal observations). In some
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species, the tongues have further specialisations, such as lorikeets that have brushy
tongues for nectar extraction (Schweizer et al., 2014).
Many parrot feeding habits are also facilitated by their zygodactyl feet. They have
two toes facing forward and two toes facing backward (Figure 2). Relative to other birds,
these feet are also powerful and stocky, allowing parrots to perch high in the trees on one
foot whilst simultaneously holding food in the other. Parrots can then manipulate and
destroy many food items by turning and aligning them between their beaks, tongues and feet
without ever having to leave the safety of the tree canopy nor needing to find a suitable
surface to prepare foods that require extraction before being eaten.
Together, these three key limbs parrots have give them many ways with which to
interact and manipulate their environment. Each aspect of beak, tongue and foot also
interacts with the other to give a greater overall exploratory mechanism than the sum of its
parts (Figure 2). An example comes from parrots’ ability to climb through trees. They can
move like a tripod, balancing with the beak and walking, or even holding a surface with their
beak whilst swinging their feet around to find new perches. The separate limb
specialisations come together to give parrots a distinctive form of ambulation that make their
treetop movements especially flexible.

19

Figure 2. In the top left we see the example of a macaw’s large beak and powerful tongue. Both
upper and lower parts of the beak are motile which allow a large range of dextrous movement, as well
as strength, which in turn means they are capable of eating a very broad range of food. Their
tongues further assist their capacity to manipulate many otherwise difficult food sources. These beak
aspects also interact with their very dextrous feet, which allow parrots to grasp many different shaped
objects while then further manipulating them with their beak and tongue. The middle drawing shows a
macaw (Ara glaucogularis) manipulating a spoon and efficiently removing peanut butter from it, whilst
still remaining perched. This is not something that many other birds can do, as they simply do not
have the body adaptations to have such an interaction. Furthermore, this macaw species has a brain
of similar size to the one shown in the upper right of this figure, which belong to another macaw
species (Ara ararauna, data from Olkowicz et al (2016)). This brain has a very large number of
neurons, equivalent to a monkey with a brain three times the size. This suggests that parrots have
the cognitive capacity to use their body to its full exploratory potential, thus showing how the brain and
the body interact and probably influence each other in their evolution. Together, these aspects show
that macaws (and almost all parrots) have a huge potential capacity for physical cognition.
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Parrots are masters of extractive foraging, but they have further digestive
specialisations, which mean they can target food which others in their environments cannot.
For example, macaws can eat various unripe fruits and seeds that contain higher protein
levels but have higher toxicity levels (Gilardi and Toft, 2012). This gives them a larger
timeframe to eat foods in their environment. It is possible that they eat clay to manage the
toxicity in their diet (Gilardi et al., 1999). Parrots are also documented as being massive
food wasters, dropping large amounts of only partially eaten food when moving through their
habitats (Sebastián-González et al., 2019). The fact that few foods are very challenging to
eat for the parrots, whether that be opening nuts or eating unripe fruits, may make them less
sensitive to optimizing their eating habits. They might not need to finish the food they are
holding as they perhaps rarely experience longer periods of food shortage or even a short
delay to ‘prepare’ food (e.g. opening shells of nuts) after finding it. Other parrots have
specialised digestive systems for nectivory (Schweizer et al., 2014), which has allowed a
large radiation of the lories (Loriinae), and there are others adapted for a completely
frugivorous diet, like the Pesquet’s parrot (Psittrichas fulgidus) (Toft and Wright, 2016).
Where parrots have radiated to fill many feeding niches, their digestive systems appear to
have evolved in unison.
Besides having body specialisations, parrots also have specialised brains. Their
brain is large relative to their body size (Iwaniuk et al., 2005a) and extremely densely packed
with neurons (Olkowicz et al., 2016a). Specifically, they have an enlarged pallium relative to
the rest of their brain (Iwaniuk et al., 2005a), which is the region thought to be responsible
for more complex behaviours and higher cognitive processing (Güntürkün, 2005; Jarvis et
al., 2005). Complex cognition was once thought to be beyond birds, as they do not exhibit
the densely layered and highly connected cortex like mammals do, which is responsible for
complex mammalian behaviour. However, the pallium in birds may have convergent
properties that make it similar. It has highly interconnected and densely packed clusters of
neurons that act like the layered regions of the cortex (Güntürkün and Bugnyar, 2016). In
parrots, these regions have greater connection to other lower brains regions (GutiérrezIbáñez et al., 2018), which suggests the region has executive control functions. With parrots
having larger and even more densely packed and connected pallial regions relative to other
birds, it is likely that this means they have higher cognitive capacity (Herculano-Houzel,
2017). General hypotheses about necessities for increased cognitive capacities include
greater behavioural flexibility and feeding innovation rate (Lefebvre et al., 1997; Sol et al.,
2005; Sol et al., 2007, 2002), which matches with parrots varied diets (Toft and Wright,
2016). Specifically, the feeding innovations that cognitive capacities correlate with are
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potentially more ‘technical’, for example they may include tool use (Lefebvre et al., 2002;
Navarrete et al., 2016).
Greater cognitive capacities might also be important for maintaining complex social
bonds (Emery et al., 2007). Parrots are mainly socially monogamous for life (Toft and
Wright, 2016) and it has been proposed that these kinds of bonds require complex
‘relationship intelligence’ to coordinate behaviour (Emery et al., 2007). Additionally, many
parrots live in fission fusion societies (Toft and Wright, 2016) where social intelligence may
be important to recognise group structure and potential conflicts; parrot politics. There are
many parrot behaviours that could have influenced or been influenced by the evolution of
large brains.
A further specialty within the parrot brain is their vocal learning ability (Bradbury and
Balsby, 2016) and they seem to have an additional specific brain structure for this, which is
different from other vocal learning birds (Chakraborty et al., 2015). The functions of their
flexible calls are important to parrots’ sociality, in particular the pair maintenance of
territories and the formation of foraging groups (Bradbury and Balsby, 2016). They are well
known for their vocal mimicry abilities, including the ability to copy human speech. With
specific training, some African grey parrots (Psittacus erithacus), most notably an individual
named Alex, are able to appropriately use and understand a small amount of English words
(Pepperberg, 2009). The ability for Alex to use language gave great insight into parrots
more declarative cognitive abilities, and it encouraged much of the basis of research on
parrot cognition (Auersperg and von Bayern, 2019).
A final factor that affects many of the above mentioned aspects is parrots’ longevity.
Parrots are among the longest lived birds (Wasser and Sherman, 2010) and have multiple
genetic adaptations for this (Wirthlin et al., 2018). The oldest recorded captive parrot, a
Cacatua moluccensis, was 92 years old (Young et al., 2012). Because of their potential long
lifespan, they have more potential time to learn and understand more by using their greater
cognitive capacities. By living longer parrots might have more opportunity to learn how to
coordinate with their social partner, continually learn new calls, have longer time to explore
their environment and innovate or learn about new feeding opportunities or dangers. All of
the specialisations that make parrots unique have more opportunities to flourish and are
made even more extreme by the factor of time.
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1.3

Parrots as a model in comparative cognition and the selection of a study

species
Within the birds, corvids and parrots have been identified as taxonomic groups with
outstanding cognitive capacities (Güntürkün et al., 2017; Güntürkün and Bugnyar, 2016; van
Horik et al., 2012). They share traits such as broad environmental distribution, long
lifespans, complex social systems, and behavioural flexibility (Lambert et al., 2018; van
Horik et al., 2012). They have a last common ancestor approximately 55 mya (Jarvis et al.,
2014; Figure 3), so their similarities might be a consequence of convergent evolution
(Osvath et al., 2014). Comparing and contrasting cognitive abilities of species within and
between both of these two groups thus gives insight into the evolution of complex cognition
in birds. For example, it would be possible to understand whether distantly related species
that have a similar ecology and live in similar environments have more similar cognition than
more closely related species that live in more differing environments. The parrot order,
Psittaciformes, with its numerous species living in multiple environments in a broad
worldwide distribution therefore make an ideal model system to identify which selection
pressures may be related to the evolution of certain cognitive abilities.
Nevertheless, parrots are still relatively understudied in the cognition field and more
studies have been completed on corvids (Lambert et al., 2018). As parrots represent a
broad taxonomic group, it is important to increase cognitive studies on them to be able to
improve hypotheses about the evolution of complex avian cognition. Furthermore, on
studies within the parrots, the majority has been completed on a small number of species
(Cussen, 2017). Much of the initial research on parrot cognition was on a single African grey
parrot, Alex (Pepperberg, 2009). African grey parrots have remained a focus for other
researchers (Péron et al., 2011; Schloegl et al., 2012), but more recently additional attention
within physical cognition has been placed on kea (Huber and Gajdon, 2006) and Goffin’s
cockatoos (Auersperg et al., 2012). Such a small sample size of species limits how much
researchers can make hypotheses on what selection pressures are likely to have driven
particular cognitive abilities across Psittaciformes. For this reason, one of the aims of our
research group was to broaden the range of parrot species tested.
As stated, more extensive research has been carried out on kea, Goffin’s cockatoos
and African grey parrots to understand their physical cognitive abilities. The parrot order is
comprised of three superfamilies, Strigopoidea, Cacatuoidea and Psittacoidea (Joseph et
al., 2012; Provost et al., 2018; Wright et al., 2008), and the kea, Goffin’s cockatoos and
African grey parrots belong respectively to the three different superfamilies. Psittacoidea
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has the higher species richness of the three superfamilies, containing about 375 of the 399
parrot species, we therefore wanted to study more species in this order to have a better
representation of the greater diversity of species within this superfamiliy. We chose to focus
our work on three species of macaws available to us. The great-green macaw (Ara
ambiguus), the blue throated macaw (Ara glaucogularis) and the blue-headed macaw
(Primolius couloni). These species are closely related, and all belong to the Arini tribe. We
thus were able to compare and contrast the behaviour of these three closely related species
with the more distantly related kea, Goffin’s cockatoos and African grey parrots to give more
insightful understanding regarding the selection pressures which may have influenced their
cognitive capacities. We also chose to work with a group of African grey parrots so that the
results of our testing would have a reference point to the previous literature.
There are a number of other factors which make these three novel species
interesting to study. The Ara ambiguus, Ara glaucogularis and Primolius couloni are large,
medium and small sized macaws, respectively. This means that their absolute brain sizes
are also large, medium and small, a factor which may affect their cognitive abilities (Iwaniuk
et al., 2005a; Liedtke et al., 2011; MacLean et al., 2014a; Sol et al., 2005; Sol et al., 2007)
albeit this is a contentious topic (Healy and Rowe, 2007; Kabadayi et al., 2016).
The three species also likely experience different ecological selection pressures
coming from very different habitats, as for example, they have different diets. Ara
glaucogularis specialise on eating motaçu palm fruits (Attalea phalerata) throughout the year
(Collar et al., 2019b). Ara ambiguus specialise on eating seeds and flowers of the mountain
almond tree (Dipteryx panamensis) for most of the year, with a short period of generalist
feeding between seasons (Berg et al., 2007; Collar et al., 2019a). Finally, Primolius couloni
are likely fairly generalist feeders throughout the entire year (Tobias and Brightsmith, 2007),
although this data is sparse. It is possible that testing these species would show if different
feeding types, and thus likely differences in necessary ‘technical intelligence’ for processing
multiple foods (Overington et al., 2009), have an influence on physical problem solving skills.
The extremely powerful crushing power of the macaws beaks also mean they have a
slightly different exploratory organ compared to the other parrot species studied. Although
all parrots have particularly strong beaks relative to other avian orders, this is a factor that is
especially notable in the Ara genus. The extra strength they possess in their beaks may
make them likely to solve technical problems in a different way. This means they can be
particularly interesting for studying the relation between body and brain and how this affects
species’ behaviour. The question can be viewed more ultimately as to what extent does a
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parrot’s behaviour rely on the cognitive processes of its brain and how much of it is dictated
by the possibilities and limitations of its body (Figure 2).
All three species share similar social systems. It has been hypothesised that
complex social bonds may be a key selection pressure driving complex cognition in birds
(Dunbar and Shultz, 2007; Emery et al., 2007). It seems likely that these three species are
socially monogamous and partner for life (Toft and Wright, 2016), although this does not
necessarily mean they are genetically monogamous, as they might experience different
levels of sperm competition (Carballo et al., 2019). These three macaw species have been
observed in the wild either in pairs, in small family groups or even large flocks at certain
points of the year (Berg et al., 2007; Tobias and Brightsmith, 2007; Yamashita and Machado
de Barros, 1997), which suggests these birds have similar sociality levels. For this reason,
we were not able to test if sociality affects cognition in the parrots species we tested.
The last species we tested was the African grey parrot, which belong to the
Psittacinae subfamily, to expand our comparison to an additional out-group and add in a
species that has been studied before (e.g. Pepperberg, 2009; Péron et al., 2011; Schloegl et
al., 2012), providing an informative reference point. African grey parrots are medium sized
parrots, they are generalist feeders, socially monogamous and form large feeding flocks on
a regular basis (Collar et al., 2019c).
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Figure 3. A phylogeny of the parrots and corvids that been tested in cognitive tests. The four
new species that I will be testing are highlighted and shown on the right. This list was taken from
Lambert et al (2018), which is a review of all parrot and corvid cognition experiments to date.
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1.4

How to test causal cognition

The history of formal testing for causal understanding lies within the developmental
psychology field. Piaget was the first to formally describe the development of a child’s
physical understanding of the world, by developing a number of tests with pre-verbal infants
to infer their understanding (Piaget, 1954). The sensorimotor stages of development
described this understanding starting from their own egocentric effects on objects through to
aspects of object permanence. These experiments included hiding toys under cloth to see if
children will look for them, the inference being that if they did not search for the toy they
believed the object has disappeared. Some of the most recognisable Piagetian tests
concern children’s understanding of liquid conservation. If you pour water from a short, fat
glass into a tall thin glass does the child understand that the physical quantities of water
remain the same? These tests, like others in the developmental psychology field, have
major influence in animal cognition because the fields share an overriding testing difficulty:
how do you ask a non-verbal subject what they are thinking?
In pre-verbal infants, studies regarding the earliest stages of the development of
causal cognition used ‘collision experiments’. An example of this would involve an infant
watching an object moving across a screen and colliding with another object, and
consequently the second object moves (Ball, 1973; Michotte, 1963). Sometimes the second
object moves immediately and sometimes there is a pause before moving. The former
interaction represents a standard causal structure, with immediate transfer of energy, and
the latter represents a ‘violation’ of the expected causal structure, with a delayed transfer of
energy. By monitoring where a pre-verbal child is looking, via gaze analysis, it is possible to
determine when the child is ‘surprised’ by an ‘impossible’ interaction and thus evaluate how
children expect energy to transfer between moving objects. At just three months of age,
children appear to recognise what a normal cause-effect relationship should be in a collision
between objects. This led to developed hypotheses stating that aspects of physical
understanding are innate cognitive factors (Spelke et al., 1994).
Some testing of animals’ causal cognition started before these developmental
psychology tests. Wolfgang Köhler’s truly pioneering experiments with a group of
chimpanzees in the early 20th century still inspire cognitive experiments today. For example,
after placing a hanging banana high above an enclosure, he described how the
chimpanzees spontaneously stacked boxes one on top of the other with the specific purpose
to reach the banana (Köhler, 1917). He explicitly stated that he did not believe they reached
this solution to the problem with trial and error learning, but instead they had had an
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insightful rationale in their construction. He was essentially expressing that he believed the
chimpanzees had a mechanical causal understanding of how the stacked boxes created an
opportunity to reach a higher location. Much later, it was shown that pigeons could perform
a similar behaviour by chaining previously learned behaviours (Epstein et al., 1984). A
pigeon was trained to push a box and then separately trained to peck a picture of a banana.
When this pigeon was placed in a room with a box and an out-of-reach banana, they
eventually pushed the box to the banana’s location and then climbed up and pecked it. It
was argued that the pigeon joining two separately reinforced behaviours did not equal
‘insight’ and it was not clear if the same process underlies the chimpanzees’ behaviour in
Köhler’s tests. Neither Köhler’s nor Epstein’s conclusions were necessarily wrong, but they
showed how much more specific the experiments needed to be controlled in order to show
exactly what aspect of causal cognition was being used by the subject.
One of the first more diagnostic cognition tests was the aforementioned trap-tube
test. As stated above, the trap-tube test was initially designed to study capuchin’s causal
understanding of stick tools. The purpose of the test was to evaluate if the capuchins would
work out the correct side of a tube to insert a stick into so that they could then use it to push
a reward out of the tube whilst avoiding a hole that would otherwise trap the reward
(Visalberghi et al., 1995; Visalberghi and Limongelli, 1994). Within this test, there were
multiple aspects of causal cognition conflated together. Tools present a difficult handling
challenge as well as a cognitive challenge. The difficulty of handling them may already
present too high a cognitive load for many animal subjects to also mentally represent the
physical aspects of the trap-tube itself (Seed et al., 2009). Furthermore, the trap-tube
initially required the subject to only push rewards with a stick, this added potentially
confounding elements of self-control to the task, as subjects had to push rewards away from
themselves in order to get to them. When they were allowed to pull rewards towards
themselves, their performance improved notably (Mulcahy and Call, 2006; Tebbich and
Bshary, 2004). To eliminate those potentially confounding factors, a more refined version of
the trap-tube task was created.
The two-trap-tube (Seed et al., 2006; Tebbich et al., 2007) replaced the required tool
with a pre-inserted stick that had attached discs to enclose and hold the reward (see Figure
4). As the reward was placed in the centre, the subjects could approach from either side
and decide whether to push or pull. This meant the reward moved whichever way the stick
moved without having to manipulate the stick as a tool. The tube, as stated, now also
contained two-traps. These were placed at either side of the rewards initial placement. The
subjects now just had to choose which direction to pull or push the reward, and thus choose
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over which ‘trap’ to pass the reward. The different traps used had different properties, one
had a surface that allowed the reward to pass over the top of it, one allowed the reward to
fall out the bottom of the apparatus and one made the reward fall inside a container that
trapped it. The experiment now focused on the subjects’ physical understanding of
supportive surfaces (i.e. ‘surface continuity’). Further transfer tests helped to examine the
underpinning cognitive processes subjects used to solve this task in more detail. One rook
(Seed et al., 2006), multiple chimpanzees (Seed et al., 2009) and children from the age of
two (Seed and Call, 2014) were probably making a mental representation of the geometric
causal properties of the different traps and how they supported the reward. This allowed
them to make flexible choices on where to pull (as they mainly preferred pulling over
pushing) the reward on all transfer tasks. Other rooks (Seed et al., 2006; Tebbich et al.,
2007), chimpanzees (Seed et al., 2009), hooded crows (Bagotskaya et al., 2013), keas
(Liedtke et al., 2011), woodpecker finches (Teschke and Tebbich, 2011) and New
Caledonian crows (Taylor et al., 2009) probably used some sort of learned rule to solve the
task as they only had learned success in some setups of the two-trap-tube task. Their
success probably relied on more simple rules based on using visual discrimination of the
traps to avoid the ones that had a negative valence. As it has been tested in so many
species with a similar method, and also has diagnostic capabilities for different types of
cognition used, the trap-tube is the benchmark test for causal cognition.
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Figure 4. These are the four forms of the two-trap-tube apparatus used in Seed et al (2006).
Subjects were initially given an opportunity to learn on the A or B form of the tube, and after they had
reached a significant successful criteria they were given the tube they did not learn on. This transfer
task was used to see if they could generalise the properties of the traps. Nevertheless, it was noted
that in both the A and B tubes, the negatively reinforced trap (the one with the black lid at the bottom)
was the same. The subjects could have just learned to pull rewards away from that specific trap. The
C and D transfer tasks were then given to the subjects in addition as they did not have identical
‘negative’ traps. In either case a previously positively reinforced trap was now negatively reinforced.
The subjects therefore had to infer the mechanical causal properties of the traps to obtain the reward.
Only one subject had success in all four apparatuses. Figure reproduced from Seed et al (2006).

The two-trap-tube test was created to avoid the difficulties of testing animals with tool
use tasks. Nevertheless, tool use is a valuable context for investigating physical cognition
and causal understanding. New Caledonian crows (Corvus moneduloides) make and use a
variety of tools in the wild, e.g. to fish for grubs from holes in decaying wood (Hunt, 1996).
As New Caledonian crows represent such a rare exception in their tool using skills, their
understanding of tool functionality and flexibility has been substantially tested (Taylor, 2014;
Taylor and Gray, 2014). In the wild they appear to attend to the specific functional
properties of their tools, i.e. their hook tools are not made nor are they inserted randomly (St
Clair and Rutz, 2013), but they do not attend to the directional properties of natural hooks
formed from the barbs of pandanus leaves (Holzhaider et al., 2008), which they also make
tools from. In the lab, they have also been tested on their ability to select tools based on
specific functional properties, like length (Chappell and Kacelnik, 2002) and diameter
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(Chappell and Kacelnik, 2004). They are also able to modify tools to make them into
functional hooks (Weir, 2002), use multiple tools in appropriate sequences based on their
functional properties (Wimpenny et al., 2009) and combine tools to make functional
compound tools (von Bayern et al., 2018). New Caledonian crows represent an extremely
interesting model system to investigate the role of tool use and its possible co-evolution with
more developed general physical cognition skills (Kacelnik, 2009; Teschke et al., 2013). It
has also been shown that aspects of their tool use behaviour are genetically determined, as
proto-tool use develops without social input during ontogeny (Kenward et al., 2006).
However, some aspects of their tool manufacture behaviour are modified through
experience and acquired through social learning (Holzhaider et al., 2010). Thus it is
revealing to compare New Caledonian crows systematically to other non-tool using corvids
or to other distantly related habitual or facultative tool users. For example, New Caledonian
crows and other species have been tested in an experiment that required the subjects to
modify material to turn it into functional tools, thus innovative tool making. In this
experiment, rewards were placed in different tubes that either required a hooked tool or a
straight tool to reach the rewards. Subjects were then offered straight tools when they
required hooked tools, and bent tools when they required straight ones. If subjects modify
the tools before use, by making a hook or unbending the tool to make a straight one, it
suggested they had an understanding of the functional properties that the tools require.
Rooks (Bird and Emery, 2009), Goffin’s cockatoos (Laumer et al., 2017) and orangutans
(Laumer et al., 2018) were all able to make and use hooked tools, and some were able to
unbend tools to make straight ones in this kind of test. Even though these animals do not
appear to have an evolutionary history for this kind of tool use, they are still extremely good
at using and understanding tools. Thus, perhaps they are using domain-general cognition
that allows them to deduct and mentally represent the functions of a tool. It is possible that
understanding the physical properties of the tools can be attributed to different cognitive
pathways in different species (Kacelnik, 2009).
Goffin’s cockatoos’ have also been more substantially tested regarding tool use as
their spontaneous innovation of stick tool use was surprising (Auersperg et al., 2012). Like
New Caledonian crows, Goffin’s cockatoos showed astonishing flexibility in their tool
making, e.g. using different types of materials to make their tools (Auersperg et al., 2016).
After initially learning to use wood tools, they were able to make similar functional ones out
of cardboard and also were able to modify branching tree twigs into a suitable tool
(Auersperg et al., 2016). However, some experiments also revealed that they sometimes
struggled to recognise all of the necessary properties which make a tool currently functional.
For example, they were not able to modify the width of a tool if it was too wide, whereas they
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recognised the functional property of the length of stick tool. They made sure that they
made tools of a specific length for a given task, and not just a standardised stick tool for all
situations (Auersperg et al., 2018). They also recognised the functional differences between
a stick and a ball tool. When offered problem solving boxes that can only be solved by one
of the two tools, they select the correct tool (Laumer et al., 2016). These detailed tests
about tool property understanding in a non-tool using species also show how more domaingeneral physical causal understanding can be used to recognise the functional mechanical
properties of tools.
Further experiments on tool users regard tool innovation tasks and have been
performed with other species. One experiment is the multi access box, which requires
subjects to use flexible problem-solving skills to discover new ways of obtaining a reward,
some of which require tool use. Interestingly, typically non-tool using kea subjects appeared
to be possibly more behaviourally flexible with the types of objects they can recognise as
tools compared to more specialist stick-tool using New Caledonian crows (Auersperg et al.,
2011). However, in another study comparing these two species, both kea and New
Caledonian crows seemed to have difficulties in learning to use associative cues to
recognise functional tools. When offered a choice between a functionally useless floppy
string tool and a functional stick tool, they could both recognise the mechanically functional
tool from haptic exploration. However, if they had to learn to choose between the same
tools by using visual colour cues that designate if the tool was floppy or rigid, they struggled
to pick the correct tool (Lambert et al., 2017). If a subject was only using associative
learning to remember which tools were useful, then they would rapidly be able to make a
consistent choice of a certain coloured tool due to it being positively associated with getting
the reward. As they could not do this, it suggested that to choose tools based on functional
properties, the functional properties must be visible or touchable in some manner.
Non-tool users could also be tested on tool property understanding in tests with prepositioned tools such as hooks (Hauser, 1997). Here, a choice of two premade hooks was
placed in position and subjects had to choose which one was going to be effective in pulling
a reward towards them. Sometimes the hook was curved round the reward, sometimes it
curved away from the reward so would not contact it. As in the above described
experiments, functionally irrelevant factors such as colour were changed in some trials to
see if this affected the subject’s choices. The logic being that the subject was likely using a
mechanical causal understanding of the tool properties if they ignored the functionally
irrelevant properties like colour. The cotton top tamarins (Saguinus oedipus) tested were
unaffected by non-functional changes in tool properties (Hauser, 1997). Interestingly, tool-
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using New Caledonian crows and woodpecker finches were no better at these tests than
closely related non-tool using species (Teschke et al., 2013, 2011). Thus it is not clear to
what extent the cognitive changes associated with the evolution of more advanced tool use
are related to more domain general factors associated with physical understanding of object
properties.
Another established and comparably simple benchmark paradigm to test animals’
understanding of object properties is the string-pulling task. In the original version of this
task, a reward was hung from a branch/perch attached to long piece of string. The subject
in question had to pull up the string to get the reward. Spontaneously producing this
behaviour was suggested to be ‘insightful’, i.e. the subjects had used a geometricunderstanding of the strings connection to the reward and thus pulling it would bring the
reward towards them (Heinrich, 1995). However, it is also possible that subjects simply
recognised that rewards got closer each time they pulled the string (Taylor et al., 2010), thus
pulling strings was rewarding as it gave positive feedback every time the subject did so. In
order to examine a species’ understanding of the string-pulling task in more detail, a twostring version was developed where subjects faced a choice as to which string to pull. In the
following, I present two examples, which show how a subjects’ causal understanding of the
task can be elucidated. In the cross-string test, only one string is baited but the strings are
crossed over each other. The subject must recognise that the connection of the string to the
reward is what will bring the reward towards them (geometric-understanding), not the string
which is closest to the reward (as they are crossed, the reward will be hanging beneath the
wrong string). In the broken string example, both strings are attached to a reward, except
one of the strings is broken in the middle so pulling it will not move the reward. This tests
the subjects’ predictive understanding of the strings connections. Due to its simplicity, the
string-pulling test has been completed on many subjects in many forms and was
comprehensively reviewed (Jacobs and Osvath, 2015).
Very similar to the string-pulling task are support tasks, which are a further
benchmark paradigm for examining an understanding of physical forces and their causal
properties. In the classical support task, the subject must choose between pulling one of
two pieces of cloth towards them. Typically, one of the cloths will have a reward placed on
top of it whereas the other option will have a reward placed next to it. If subjects understand
the underlying mechanism, i.e. that only things resting on top of a moving object will move
with it, they should select only the ‘supported’ reward. If they do not attend to this kind of
property then they make mistakes, such as simply pulling cloths with rewards close to them.
Further task variations, similar to the string-pulling design, can further diagnose which
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support properties a species is able to attend to. An overview of the task variations and the
responses to those tests in cotton top tamarins can be found in Hauser et al., (1999),
although the lead researcher may have fabricated the data. Comparable tests have also
been completed with corvids and apes (Albiach-Serrano et al., 2012) in which apes
appeared to show an understanding of the support properties to guide their choices, but
corvids struggled in more complex tasks. Additionally, kea (Auersperg et al., 2009)
appeared to also rapidly make consistent correct choices in these support problems.
Other object properties require causal understanding to determine function. Objects
with different weights can imply different properties. In the book World without weight it was
suggested that chimpanzees might not be able to integrate any of the functional properties
of weight into their behaviour (Povinelli, 2012). It was shown that although chimpanzees
were readily able to discriminate between objects of different weights, they typically ignored
the mechanical properties different weights would imply (Povinelli, 2012). For example, if a
reward was placed midway down a ramp and required a forceful collision to push it the full
distance down the ramp, chimpanzees would not discriminate between rolling a heavy or a
light ball to collide with the reward. They did not recognise the different mechanical effects
of a collision from a heavy vs a light ball against another object. However, they could easily
be trained to discriminatively place light objects in one area and heavy ones in another to
receive rewards (Povinelli, 2012). This suggests that it was not an inability to differentiate
between weights that impeded their success, but specifically an inability to predict, or even
learn, the different causal properties of the differently weighted balls. Conversely, similar
tests conducted in a different captive group of chimpanzees have shown an almost opposite
effect. In these tests, the properties of weight were only attended to if weight was a
functionally relevant piece of information. For example, if a reward had been hidden in one
of many identical containers, and the only property to recognise a difference between these
containers was the change in weight of the container with the reward, then they attended to
this mechanical property (Hanus and Call, 2011; Schrauf and Call, 2011). If alternatively
subjects were trained that heavy and light objects could be traded for different qualities of
rewards, thus the property of weight did not currently have a function, they were unable to
discriminate between the objects. (Schrauf and Call, 2009). These very contrasting findings
on two groups of the same species show how difficult it is to come to conclusions about any
animals cognitive functions (Farrar et al., 2020).
Further aspects of a concept of gravity, or more specifically, causal properties of
falling objects, have been examined with the stone-dropping paradigm. In this test, subjects
are taught to push down a horizontal platform that is held up by magnets, thereby releasing
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food placed on that platform out of a dispenser apparatus. In the following stage of the
experiment, the platform is placed out of reach and the only access to it is via an elongated
vertical tube, so that the only way to make the platform collapse is to drop an object onto it
through the tube. New Caledonian crows were able to innovate dropping stones on this
platform after having experienced the basic mechanism of the task, i.e. that the platform was
collapsible if pushed down, whereas without this experience the birds failed to use stones as
tools (von Bayern et al., 2009). Nevertheless, it is unclear what properties the crows had
inferred were necessary to make the platform collapse. Did they recognise that stones when
dropped would cause a transfer of force to the platform, or did they simply recognise a
necessity for contact between an object and the platform to make it collapse? When given a
choice between heavy and light blocks in a replication of this study, New Caledonian crows
appeared to show a preference for heavy blocks (Neilands et al., 2016), suggesting they
recognised that only heavy blocks will transfer force when dropped. However, they still
made some mistakes which suggested that they could have also rapidly learned that only by
dropping heavy blocks there is a desired reward outcome. Both forms of causal
understanding provide a reasonable description of the cognition behind the behaviour. In
another similar study, neither New Caledonian crows nor kea discriminated between using
heavy or light blocks in this task (Lambert et al., 2017). Nonetheless, there is other evidence
that New Caledonian crows can identify the difference between a light and a heavy object by
their interactions with wind, suggesting they do appear to have some representation of the
mechanical causal properties of differently weighted objects (Jelbert et al., 2019). Children
tested on similar experiments appeared to develop an understanding of weight properties
from the age of four (Wang et al., 2018).
In a similar manner to weight, some species can also use the cue of sound to infer
object properties. A shaken container would only make a noise if it has an object inside of it.
Given a choice between two containers, apes would only choose the one that makes a noise
when shaken, and make an inference to not choose one that makes no noise when shaken
(Bräuer et al., 2006). This is probably a functionally relevant cue, as wild monkeys do this
too by shaking nuts to see if they contain food (Visalberghi and Neel, 2003). This kind of
inference has also been shown in African grey parrots (Schloegl et al., 2012).
A final causal cognition test is the Aesop’s fable task, based on the eponymous story
with a crow placing rocks in a pitcher to raise the water level and drink from it. Here, the
subjects are essentially given the same problem to solve, with a reward floating on top of
some water, but slightly out of reach, in a pitcher. They need to raise the water level, either
by adding stones (Jelbert et al., 2015) or additional liquids (Hanus et al., 2011). It would be
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possible to solve this task either by recognising that adding stones or liquids make the
reward move (difference-making) or by understanding the mechanical properties of water
displacement. Modifications to this test can be offered to subjects to triangulate what kind of
mental representation they have of their successful method to solve the task. In the stone
version of the task, subjects can be tested as to whether they recognise which kind of stones
are likely to change the water level. For example, they should not select hollow objects as
they do not displace any water to raise the level of the reward (Jelbert et al., 2014). One of
the more diagnostic transfer tests within this paradigm, which evaluates what kind of causal
understanding the subjects are using, is the ‘hidden u-tube’ task. In this, food is placed in a
central tube which is too thin to drop rocks into. Next to this tube there are two more water
filled tubes, only one of which has a hidden connection to the central tube, thus placing
rocks in it will also raise the water level of the middle tube. Most animal subjects had
difficulties with this transfer task, suggesting that they struggle to solve this task with a purely
difference-making causal understanding, i.e. their behaviour is not only guided by the
movement of the reward (Jelbert et al., 2015). Children were able to solve this u-tube
paradigm, but they were also able to integrate a mechanical understanding of water
displacement into their solutions of the problem. This was shown by the fact that they could
make accurate predictions of the effects that different blocks had on the water level before
dropping the blocks into the water (Miller et al., 2017). They have both advanced differencemaking causal understanding and geometric mechanical understanding.
I hope I have conveyed that there are a variety of tests and methodologies to
examine the cognitive processes underlying physical problem solving and to what extent
animals may possess a causal understanding to solve physical cognition tasks. All of them
have limitations, but replicating these previous tasks provides comparative data of the
cognitive processes across species (Shettleworth, 2009).
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1.5

Experimental plan

The 39 parrots in our lab were naïve to testing and with exception of the grey parrots nothing
was known about their cognitive abilities, as none of our macaw species had previously
been tested in cognitive studies. To gain a broad idea of their cognitive capacities, we
therefore chose to start with an experiment that integrated many different cognitive tests into
a cohesive battery. The primate cognition test battery had initially been designed to
investigate whether there was an all pervasive factor that made humans more ‘generally
intelligent’ than other apes or whether their increased intelligence originated from a
specialisation in the social domain (Herrmann et al., 2007). To do this, multiple tasks that
tested different aspects of cognition were completed in a single period on both human
toddlers and great apes. The tests were divided into aspects of physical cognition (spatial
memory, object permanence, numerosity, causal cognition and tool use) and social cognition
(social learning, communication and theory of mind). The apes performed on a par with the
human children in the physical cognition tasks, but human children were more adept at all
tasks involving social cognition. Running this battery of tasks in parrots constituted the first
opportunity to directly compare the cognitive performance of a bird species, let alone a
parrot species, with that of humans, great apes (Herrmann et al., 2007) and monkeys
(Schmitt et al., 2012a) in a battery of tasks that assessed many cognitive domains. Test
batteries should be reliable for measuring cognition as there are multiple tests for each
domain of cognition explored (Shaw and Schmelz, 2017), so there is less reliance on a
singular measure from a single test that may have some confounding factors (Farrar and
Ostojic, 2019). Coupled with the factor that parrots represent a phylogenetically distant
relative to the primates (last common ancestor approximately 300 mya) this experiment is a
vital contribution to the comparative cognition field as it offers a first chance to expansively
compare truly distantly related species that display complex cognition. Relating to the topic
of this PhD thesis, the cognitive test battery comprises a series of physical causal cognition
tasks derived from well-established physical cognition test paradigms. Specifically, it
contains a series of string pulling and support tasks which examine the species’
understanding of tool properties, a singular tool use task and finally, a set of tasks to
investigate if subjects could infer the location of food from causal cues, such as the sound
made by shaking closed containers or the shape of an object covered by a cloth. This test
battery is described in chapter one.
The second chapter focuses on the trap-tube task, a classical benchmark paradigm
for investigating causal cognition in the physical domain. In this chapter, the focus was
narrowed to 18 individuals of the two Ara species. The trap-tube has been completed before
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on a group of parrots (Liedtke et al., 2011), including a green winged macaw (Ara
chloropterus). However, the subjects in that study mostly performed very poorly as they
found ways to confound the apparatus given to them. This meant that the experimenters
were not able to draw conclusions on the parrots’ causal understanding of the task as the
unexpected solutions they discovered were more related to the parrots’ exploratory skills.
For this reason, we designed a novel testing apparatus that removed some confounding
factors known about the trap-tube task, but still made it comparable to previous iterations.
Finally, in the third chapter, we tested the ability of the two Ara species to innovate
tool use in two different test setups involving stone and stick tools respectively. For this
purpose, we replicated the stone-dropping task (von Bayern et al., 2009 as described above)
but with the addition of a transfer task that required subjects to use a stick tool. Innovative
tool-use tasks have previously been completed with keas (Auersperg et al., 2011) and
Goffin’s cockatoos (Auersperg et al., 2014), demonstrating that innovating the use of tools is
within parrots’ cognitive capacity. However, the kea and Goffin’s cockatoos are members of
the two more ancient superfamilies of parrots, Strigopoidea and Cacatuoidea. Thus no
species of the superfamily Psittacoidea have been tested on comparable behavioural
flexibility experiments before, so they presented an opportunity to see how prevalent the
capacity for innovative tool use and underlying understanding of tool functionality can be
across the parrot order.
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2.1

Abstract

Systematic, broad phylogenetic comparisons of diverse cognitive abilities are essential to
understand cognitive evolution. Few studies have examined multiple skills comparatively,
using identical tasks across species. Previous research centered on primates, but recent
evidence suggests that complex cognition may have evolved in distantly related taxa. We
administered the tasks of the primate cognition test battery (PCTB) to 4 parrot species for a
first direct comparison with primates. The parrots did not perform significantly worse than the
previously tested primates in all but one of the test scales, but remained at chance levels
throughout. Chimpanzees outperformed them in the physical but not the social domain. No
differences between the domains nor across the parrot species were detected. It remains
questionable whether the chance level performance reflects the parrots’ cognitive capacity or
results from task constraints, which would limit the PCTB’s suitability for phylogenetic
comparisons. Possible implications for the field are discussed.
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2.2

Introduction

Systematic large-scale comparative studies of various cognitive abilities across a wide range of
taxa are indispensable for understanding the evolution of intelligence (MacLean et al., 2012). The
goal of comparative cognition is to identify the socio-ecological correlates of cognitive performance
in order to determine potential selective pressures (MacLean, 2016). Comparative data of both
closely and distantly related taxa that either share or differ in their life history traits, environmental
conditions or social organisation, are necessary for explaining differences or similarities in
cognitive ability in different lineages and for revealing the processes by which cognition evolves
(MacLean et al., 2012). Although the spectrum of species compared by cognitive studies has been
steadily increasing (Shettleworth, 2010b, 2009b), the comparability of the produced data remains
restricted because systematic direct comparisons across species are still lacking. The field of
“comparative cognition” still needs to overcome several conceptual and methodological challenges
before its main goal can be achieved (Beran et al., 2014; Chittka et al., 2012).
Previous research has been compromised typically either by the number of species that
were directly compared and/or by the number of cognitive traits examined comparatively. Initially, it
mostly focused on primates and often took a very anthropocentric approach because many
hypotheses tested centred on human cognitive evolution (Seed et al., 2009; Shettleworth, 2009).
The first direct species comparisons have been carried out with pairs of closely related species
stemming from different ecological backfrounds and compared their performance typically just in a
single test for a specific cognitive skill in order to study cognitive adaptations (Bond et al., 2003;
Stevens et al., 2005). The majority of comparative work to date however consists of a nonsystematic compilation of data obtained on different species, typically by different research teams,
using slightly modified methods or entirely different tests for investigating a certain cognitive ability,
thus impacting on the comparability of the data (Auersperg et al., 2012a) and of the meta-analyses
(e.g., (Deaner et al., 2006; Reader et al., 2011) using such data. Recently the first attempts have
been made to administer the same cognitive test and methodology to a large number of species,
as part of a large-scale comparison (MacLean et al., 2014b) examining the phylogenetic
distribution of a single trait. This meant involving many different research teams, making
differences in methods as well as in the testing history of the subjects unavoidable (MacLean et al.,
2014; MacLean, 2016). As already highlighted by (Auersperg et al., 2012a) it is very challenging to
find “universally applicable paradigms that can be used to investigate the same cognitive ability or
‘general intelligence’ in several species” without modification.

As a consequence, systematic comparisons of several different cognitive traits examined in
conjunction in a broad range of species are only beginning to be carried out so far. In this regard,
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cognitive test batteries have been proposed as a promising approach for this slowly growing
research endeavour as they may provide a powerful tool to examine the causes, consequences
and underlying mechanisms of cognitive performance within and across species (Shaw and
Schmelz, 2017). In fact, the use of test batteries in animal cognition research, both within species
and in comparative studies, may help to address fundamental questions about the evolution and
function of cognition. One of the first attempts to investigate multiple cognitive abilities in different
cognitive domains directly comparing at least a few species is the Primate Cognition Test Battery
(PCTB) (Herrmann et al., 2007), which has later been adopted by (Schmitt et al., 2012b) for longtailed macaques (Macaca fascicularis) and olive baboons (Papio anubis), and by (Herrmann et al.,
2010) for bonobos (Pan paniscus), which allowed a direct comparison between species. It consists
of a battery of tasks adapted from previous primate studies in both the social and physical domain.
However, as the name indicates, it was originally developed to investigate primates and tested only
3 species, namely human children in comparison to chimpanzees (Pan troglodytes) and
orangutans (Pongo pygmaeus) (Herrmann et al., 2007) in order to examine two major evolutionary
hypotheses of selection pressures driving the evolution of human intelligence. The cultural
intelligence hypothesis predicts that the physical cognition skills of human toddlers are comparable
to those of primate, while their skills of social-cultural cognition are superior. In contrast, the
general intelligence hypothesis, predicts that human cognition differs from that of other primates
uniformly, with no difference between the physical and social domain (Herrmann et al., 2007). The
results revealed that human children performed better than chimpanzees and orangutans in the
social domain but showed similar results to apes in the physical domain (Herrmann et al., 2007)
thus supporting the former hypothesis. Subsequently, a follow-up study was conducted on two
species of old world monkeys (Schmitt et al., 2012) to test whether an increase in general
intelligence or socio-cognitive abilities was to be found from monkeys to apes. Surprisingly, apes
and monkeys did not differ in performance in the PCTB's social and physical domain (Schmitt et
al., 2012). The results contradict the expected increase in general intelligence from Old world
monkeys to apes and support the assumption that social factors were the driving force in the
evolution of human intelligence. The assumptions of the cultural intelligence hypothesis have also
been supported by (Russell et al., 2011) who used a modified version of the PCTB to show that
enculturated apes, i.e. individuals reared in a human-like, socio-communicatively rich environment
develop superior communicative abilities compared to apes reared in standard laboratory settings.
A modified PCTB version has also been utilised to investigate individual differences in intelligence
by computing a “g” factor and to examine whether cognitive performance is heritable in
chimpanzees (Hopkins et al., 2014) and to examine age-related cognitive decline in chimpanzees
(Lacreuse et al., 2014).
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The above-mentioned studies highlight that the majority of the previous work has focused
on the evolution of human intelligence and thus has been carried out on our closest relatives, apes
and monkeys. However, there is now ample evidence suggesting that complex cognition, which in
general encompasses abilities such as flexibility, novel problem solving, fast learning, detecting
causal relationships, flexible tool use, perspective-taking etc. (Emery and Clayton, 2004) is not
restricted to the primate lineage but has evolved several times independently within the vertebrates
(Osvath et al., 2014b; van Horik et al., 2012b). Recently, particularly corvids and parrots, two
distantly related avian groups, have stood out for their astonishing cognitive abilities traditionally
considered to be uniquely human, ranging from flexible problem-solving (Auersperg et al., 2011b)
to spontaneous tool use and tool manufacturing (Auersperg et al., 2012; Taylor et al., 2007).
Relative to their body size, their forebrains are of the same size than those of the great apes
(Iwaniuk et al., 2005), while exhibiting even higher neuron densities (Olkowicz et al., 2016b).
Moreover, the residual brain size of parrots and corvids also strongly correlates with
innovativeness in foraging contexts; more so than in other birds (Sol et al., 2005). Consequently,
these two large-brain bird taxa are now frequently being used as avian models for the study of
animal cognition. However, the majority of the studies focus on singular cognitive abilities either in
the physical or the social domain, while systematic comparisons using standardised methodology
are still scarce (Auersperg et al., 2012; van Horik and Emery, 2011; van Horik et al., 2012).
In the light of recent research on avian cognition, it seems obvious to expand systematic
comparisons of cognitive skills and implement batteries of tests such as the PCTB to large-brained
birds such as corvids and parrots in order to gain a more comprehensive understanding of the
evolutionary dynamics of intelligence. In this study, we administered the PCTB (Herrmann et al.,
2007; Schmitt et al., 2012), with slight modifications only where necessitated by the different
morphology of parrots, to four parrot species that differ in their feeding ecology and social
organisation, i.e. to blue -headed macaws (Primolius couloni), great green macaws (Ara
ambiguus), blue-throated macaws (Ara glaucogularis) and African grey parrots (Psittacus
erithacus).
The macaws possess the probably biggest relative brain size and neuron density among
parrots (Olkowicz et al., 2016). This makes them interesting candidates for a first direct comparison
with primates. Furthermore, they are extractive foragers and some species have been reported to
use tools during foraging. Recent field observations on the study species suggest that the great
green macaws used leaves to peel the pericarp of nuts in a feeding context providing evidence of
tool use in this species (Villegas-retana and Araya-h, 2017), and wild blue-throated macaws
manipulate large motaçu palm seeds showing high level of dexterity and extractive foraging
(Baños-Villalba et al., 2017; Tella et al., 2015). This make them interesting models for studying
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their understanding of causality and tool properties. Moreover, some initial data on the feeding
ecology of these two species would suggest that great green macaws and blue-throated macaws
are feeding specialists, relying heavily on mountain almond trees and motaçu palm fruits
respectively (Fraixedas et al., 2014; Yamashita and Machado de Barros, 1997). Both almonds and
palm fruits vary in their temporal availability and can be considered as ephemeral food sources.
Species that exploit such limited food sources may need to weigh up when to leave one food
source in order to reach the next in time and encounter higher selective pressures shaping their
spatial memory and object permanence capacity compared to feeding generalists such as blueheaded macaws and African grey parrots (Tamungan and Ajayib, 2003; Tobias and Brightsmith,
2007). The African grey parrots we tested also because they are one of the most intensively
studied parrot species and are known to possess skills in both the physical and social domain and
therefore would provide a valuable direct comparison with primates. The skills found in the African
grey parrots so far include object permanence, problem-solving, numerical abilities, acquisition of
abstract concepts of same/different, and social learning to name just a few (Pepperberg, 2006;
Lambert et al., 2018).
Considering the previous work on parrot cognition which suggests that parrots rival the
great apes in their cognitive capacity (for a review e.g., Lambert et al., 2018; van Horik et al., 2012)
we predicted that they would show a similar performance in the PCTB compared to the previously
tested primates.
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2.3

Materials and Methods

Subjects and housing
We tested 12 blue-throated macaws, 9 great green macaws, 8 blue-headed macaws, and 8 African
grey parrots. All parrots were housed in aviaries at the Max-Planck Comparative Cognition Research
Station located within the Loro Parque zoo in Puerto de la Cruz, Tenerife. The blue-throated macaws
(11 males and one female aged 1 to 4 years; with age of all species referring to the start of the data
collection which took 8 months) and the great green macaws (one male and six females, aged 1 to
9 years) were housed in 8 aviaries, divided by species and age into 5 groups of two to 8 individuals.
Six of these aviaries were 1.8m × 3.4m × 3m (width × length × height), and the remaining aviaries
were 2m × 3.4m × 3m and 1.5m × 3.4m × 3m, respectively. These aviaries were interconnected by
1m × 1m windows, which could be closed when desired. The blue-headed macaws (3 males and 5
females, all aged 1 year) were housed together in a separate indoor area (28.61m2) with access to
a smaller outdoor area and the African grey parrots (two males and six females, all aged 1 year)
were housed together in another separate outdoor aviary (21.41m2). All aviaries had at least one
side open to the outside, so they followed a natural light schedule and were also kept to ambient
Tenerife outdoor temperature, on average between 17 and 25 degrees Celsius, but they were
additionally lit with Arcadia Zoo Bars (Arcadia 54W Freshwater Pro and Arcadia 54W D3 Reptile
lamp) to ensure sufficient exposure to UV light. They were also all within the same site as the testing
chambers (described below). All parrots had been hand-raised, but socialised and reared in
conspecific groups under comparable conditions in the Loro Parque Fundación, Spain. None of the
animals had prior testing experience other than habituation to the test facility and training to interact
with human experimenters.

Test chambers
Training and testing took place in an indoor area equipped with lamps covering the birds’ full range
of visible light (Arcadia 39 W Freshwater Pro and Arcadia 39 W D3 Reptile lamp). The testing area
consisted of 2 chambers, each 2.5m × 1.5m × 1.5m (height × width × length), separated by a
window (1m x 1m) with an opening that could be covered with different plastic panels (depending
on the experiment). Each testing chamber was equipped with a wooden multi-step perch. For the
Social Learning, Pointing Cups and Attentional State tasks the testing chamber was equipped with
a 40 cm wide table and the wooden multi-step perch was positioned in the middle behind this table.
Each testing chamber was equipped with surveillance cameras (iPTECHNO 2601 Series) in the 4
corners of the room at different heights and orientations. An additional handycam (SONY HDRCX240E) was installed in the neighbour chamber behind the experimenter. A sound-buffered nonreflective one-way glass system permitted zoo visitors to see inside the rooms but did not allow the
birds to see out.
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General procedures
All training and testing sessions took place either in the morning or afternoon, with a minimum of 4
hours after the last feeding (or overnight for morning sessions). All birds had free access to water
and mineral blocks at all times and were fed fresh fruit and vegetables twice a day. Pieces of walnuts
were used as rewards during testing as they were valued by all subjects and were not available
outside of testing. The daily amount of nuts and seeds (Versele-Laga Loro Parque Ara Mix) provided
to the birds in the afternoon was adjusted according to their previous nut-intake during testing for
weight regulation purposes and individuals were weighed on a daily basis. Session length and
number of trials per session varied according to the type of session but did not exceed 30 min and
18 rewarded trials (excluding tiny seed rewards to move the parrots back into their starting position).
The size of the food rewards was adjusted according to the body mass of the species, that means
ca. 1/8 of a walnut for the great green and the blue-throated macaws, and ca. 1/12 of a walnut for
the blue-headed macaws and the African grey parrots.
Ten familiar humans served as experimenters throughout the PCTB (8 female and 2 male
experimenters). Four experimenters took turns working with 10 individuals of 2 species each, while
one experimenter replaced each of them at least once per week. Up to 3 individuals were tested in
parallel but individually, in separate testing chambers with no visual contact between each other.
Three (female) unfamiliar experimenters assisted in the temperament tests (see below) and an
additional experimenter assisted in the social cognition battery tests (see below). Experimenters
were trained and synchronised in all their movements, and ‘calibrated’ repeatedly throughout the
experiment. Such trainings took place before each new test and additionally all experimenters
were monitored via the cameras installed in the testing chambers regarding conformity on a regular
basis during testing.

Habituation
Prior to the start of the Primate Cognition Test Battery, all birds underwent a habituation phase during
which they were familiarised with the experimental equipment (e.g. plastic panel with holes, red cups,
etc.) and the choice situation. In this phase, parrots were also trained to wait at the starting point (i.e.
their starting perch) during the baiting procedure.

Primate Cognition Test Battery
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To conduct a systematic interspecific comparison, we followed the experimental procedures and
terminology by (Schmitt et al., 2012), who in turn followed the design of (Herrmann et al., 2007)
Primate Cognition Test Battery (PCTB) except for a few modifications. Otherwise, our methods
were identical to those of Schmitt et al. (2012) except for the size of the experimental equipment,
which was adjusted so as to be operable for parrots. Some tasks (e.g., social learning) even
afforded finer-tuned size adjustments according to the body size of the respective study species.

In general, we followed the design of (Schmitt et al., 2012) who doubled the number of trials
in the object-choice tasks compared to (Herrmann et al., 2007) in order to include all possible
spatial positions and combination of locations to control for the influence of using only a subset of
all possible manipulations (see description of the specific tasks below for details). For the other
tasks, i.e. those that did not include object choice , i.e. a two-choice design (i.e. Social Learning,
Attentional State and Gaze Following), we administered the same number of trials as (Herrmann et
al., 2007) because in these tests, the subjects were expected to perform specific actions, which
would not likely happen coincidentally (see also baseline conditions for Social Learning and Gaze
Following). In contrast to Schmitt et al (2012), we followed the procedures by (Herrmann et al.,
2007), who presented the scales in a fixed order and did not pseudo-randomise and balance the
order of administering the experiments of the different scales across individuals. However, we
pseudorandomized and counter-balanced the tests within each scale and task across individuals.

With difference to the previous 2 studies, we wore sunglasses during all choice tasks of the
physical cognition test battery, in order to prevent unconscious cueing towards the correct choice.
Before each trial, the parrot was moved in the starting position (if necessary, with the help of a stick
with a red food bowl attached that contained 1-2 sunflower seeds as positive reinforcement).

The PCTB consists of 16 tasks testing different aspects of physical cognition, i.e. an
understanding of objects and their spatial, numeral and causal relationships, as well as different
aspects of social cognition, i.e. an understanding of intentional actions, perceptions, and
knowledge states of others. The 16 tasks are generally grouped into 6 scales. Three of these
scales belong to the physical domain: Space, Quantity, and Causality. The experiments belonging
to these scales aim at testing the subjects’ understanding of spatial displacements, their quantity
discrimination abilities as well as their understanding of the causal relations between two objects.
The other 3 scales belong to the social domain: Social learning, Communication, and Theory of
Mind. This set of experiments tests whether the subjects can imitate actions such as shaking a
reward out of a tube, and understand communicative cues and intentional actions, as well as
whether they can follow the gaze of a human. In contrast to (Herrmann et al., 2007) but following
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the methodology by (Schmitt et al., 2012) we applied control conditions to some of the tasks and
additional quantity combinations in the quantity discrimination experiments

In the following, we will shortly outline the experimental procedure of the 16 tasks of the
PCTB.

Physical Domain
Space. The space scale consisted of 4 different tasks: Spatial Memory, Object Permanence,
Rotation, and Transposition. These tasks aimed at testing the parrots’ ability to keep track of objects.
The baiting procedure was comparable for all the tasks: 3 cups were placed in a row on an out-ofreach board and then manipulated differently depending on the task before being pushed in reach
of the parrots. In the Spatial Memory test, the parrots had to locate 2 rewards placed simultaneously
under 2 of the 3 cups. The Object Permanence task was used to test the birds’ ability to track a
reward after invisible displacement. The subjects had to locate the food after watching it been put
under a fourth smaller cup that is moved under 1 or 2 larger cups and left beneath one of these. The
Rotation task was used to test the subjects’ ability to track the reward placed under one cup
positioned on a movable tray and rotated 180° and 360°. In the Transposition task, the birds had to
track the baited cup when the positions of the cups were switched. Finally, the Single Displacement
Touch control examined whether the subjects only chose the last cup touched by the experimenter
or genuinely took into account where the smaller cup was moved to.
Quantities. Two different tests were performed to examine the parrots’ ability to discriminate
quantity: The Relative Numbers and the Addition Numbers task. In both tasks, the parrots were
allowed to view the quantities, but, before the parrots could choose, they were covered up. In the
former, subjects had to choose between different amounts of seeds placed on 2 plates with a
quantity difference of 1 to 4 food pieces between the 2 plates. In the Addition Numbers tasks, the
birds were shown different amounts of food items for a few seconds. The food items from the
centre plate were then transferred to one of the side plates. The birds’ response was scored as
correct if they chose the resulting larger number.
Causality. Four tasks were administrated to test the parrots’ understanding of the spatialcausal relationships between objects: Noise, Shape, Tool Use, and Tool Properties.
In the Noise task, the parrots had to deduce which container contained a reward from partial
information through noise produced when individual containers were shaken. During the Shape
tasks, the birds had to work out that a reward placed under 1 of 2 plastic boards or pieces of cloths
would cause them to be ‘different in shape’. The Tool Use task was administrated to test the parrots’
ability to use a wooden stick to retrieve half a walnut positioned on a tray but out of reach of the
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subject. In the Tool Properties tasks, the parrots had to distinguish between a functional tool by
means of which food could be pulled into reach and a non-functional tool. In 5 different conditions
the birds faced choices between: 1) cloth condition: food placed on the side of a piece of cloth or on
top of it (functional); 2) bridge condition: food put on top of a plastic bridge or on the cloth underneath
it (functional); 3) ripped condition: food placed on a ripped piece of cloth or on an intact one
(functional); 4) broken wool: food tied to a broken string of wool or an unbroken one (functional); and
5) tray circle: food placed in a u-shaped piece of cardboard or in the centre of a cardboard ring
(functional), each of which had a string attached, which the subject could pull towards themselves.

Social Domain
Social Learning. Three different tasks were carried out to test whether the parrots could imitate
simple actions performed by a human demonstrator. In those tasks, the human person
demonstrated the subject how to retrieve food from 3 different plastic tubes (Paper tube, Banana
tube, Stick tube) in very distinctive ways. In contrast to the Social Learning tasks of the previous
PCTB tested in primates, each of them was designed as a two-action-task, i.e. entailing two
equivalent ways by which the reward could be obtained. Pseudo-randomly assigned to 2 groups,
half of the subjects were shown one solution (Action A) while the other half observed the other
solution (Action B). It was scored whether the subjects solved the problem by the same means as
the demonstrator. The behaviour of the subjects was compared to that of a control group (four
individuals of each species tested; see S1 for information about those subjects), who were given
the opportunity to retrieve food from the tubes without prior exposure to a human demonstrator
(baseline condition).

Communication. In the communication scale, the subjects were tested in 3 different tasks
investigating their ability to use communicative cues provided by humans.

Theory of Mind. The experiments in the theory of mind scale consisted of 2 tasks: Gaze
Following to test whether the subjects spontaneously followed the experimenter's gaze direction to
a target and Intentions, a test meant to investigate whether the subjects responded to the
experimenter’s intentions.

Influence of Temperament on Performance
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To examine the influence of the subjects’ temperament, i.e. their boldness or shyness in
approaching novel stimuli on their overall performance in the cognitive test battery, a
‘Temperament Test’ was conducted, using the same methods than (Herrmann et al., 2007) and
(Schmitt et al., 2012). It measured the subjects’ approach behaviour towards novel objects,
unfamiliar persons and unfamiliar food and was carried out before the start of the PCTB tests.
Where appropriate, we also used the same terminology than (Herrmann et al., 2007). The test
situation varied concerning 1) the nature of the different items shown (humans, objects or food
pieces), 2) whether the items were presented alone or in combination (e.g. human moving a novel
object) and 3) whether the objects were moved or not or could be touched during their presentation
(e.g. item was moved from left to right by the experimenter, etc.). We measured whether the
subjects approached the new items, how fast they did and whether they touched the presented
objects. Moreover, an additional Inhibitory Control task was administrated as part of (Herrmann et
al., 2007) temperament test. It tested whether the parrot species had the “ability to resist the urge
to do something that is immediately tempting but ultimately counterproductive”, as defined by (Bray
et al., 2014) and how such skill could influence their performance in the PCTB. The Inhibitory
Control task tested parrots’ ability to skip an empty middle cup and choose 2 baited outer cups.
Data analysis
We calculated the overall proportion of correct responses in each task for every subject.
A Wilcoxon exact test determined whether all parrots performed significantly above chance,
whereas on the individual level, Binomial-tests were used to measure whether the performance on
the task level was significantly better than expected by chance.
To compare the parrots’ performance in each task further we conducted a multivariate analysis of
variance (MANOVA) with species and sex as between subject factors and performance in each
scale’s tasks (e.g. for the scale space: spatial memory, object permanence, rotation and
transposition) as dependent variables. To verify whether there were species differences within a
task, we performed a univariate analysis of Variance (ANOVA) or a Kruskal-Wallis ANOVA when
data were not normally distributed (Shapiro test and Anderson-Darling normality test). In case of
significant effects, post-hoc tests were conducted (TukeyHSD for normally distributed data and
pair-wise comparisons otherwise). No statistical analysis was carried out for the tool use task
because all subjects’ performance was null.

Spearman correlations were employed to examine possible correlations between the
Inhibitory Control task and the test battery performance as well as between the 3 temperament
measures and the test battery performance of the parrots. Moreover, a multivariate analysis of
variance (MANOVA) with species and sex as between subject factors and the values of the 3
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temperament measures as dependent variables were calculated to determine differences among
species and sex.

To investigate whether there were differences in test performance between the 4 parrot
species (great green macaw, blue-throated macaw, blue-headed macaw, African grey parrot) and
the species of primates (baboon, macaque, chimpanzee, orangutan), univariate analyses of
variance (ANOVA) were carried out for each scale, followed by post hoc tests in case of
significance. All the analyses were performed using the statistical software R 3.2.1 and IBM SPSS
Statistics 22. The critical p-value was set to α = 0.05.

Statistical comparisons of each domain were made by MANOVA, followed by ANOVAs for
each scale. Post-hoc tests (the Bonferroni correction was used when the equality assumption held,
otherwise the Dunnett t3 correction was used otherwise) followed in case a significant effect was
detected.
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2.4

Results

Performance in different Tasks
Space
Both at group and individual level the great green macaws performed at chance level (.33) in all 4
tasks of the scale Space (see Tab.1, Fig.1 for a summary of all results). The blue-throated
macaws, the African grey parrots and the blue-headed macaws performed significantly above
chance in the Object Permanence task (Wilcoxon exact test; blue-throated macaws: z=-2.739, p=
.004, African grey parrots: z=-2.232, p= .031; blue-headed macaws: z=-2.375, p= .016), and the
blue-throated macaws also were above chance in the Rotation task (z=-2.413, p=.016) (Tab.1,
Fig.1). In the Spatial memory and Transposition tasks all species performed at chance level.
On the individual level, 1 blue-throated macaw (Baloo), 3 blue-headed macaws (Lupita,
Mars, Mercury) and 1 African grey parrot (Jack) performed above chance level in the Object
Permanence task. In the Spatial Memory task 1 blue-headed macaw (Saturn) chose the correct
location of the reward significantly above chance (Binomial test; p=.02). In the Transposition task,
2 African grey parrots (Lizzy and Bella) performed above chance (Binomial test; p=.04) (Tab. 1).
None of the birds (except for one adult blue-throated macaw) performed above chance level in the
Single Displacement Touch Control task we conducted during the Object Permanence tasks.

Quantity
On the species level, only the blue-throated macaws showed the ability to discriminate the larger
quantity in the Relative Numbers task with a performance significantly above chance level (0.50)
(Wilcoxon exact test, z=-3.025, p=.001) (Tab.1, Fig.1).
On the individual level 4 blue-throated macaw individuals performed above chance: 3
juvenile individuals (Mowgli, Baloo and Mr Huang) (Binomial test; p=.038, p=.038 and p=.002
respectively) in the Relative Numbers task, and 1 juvenile (Long John) in the Addition Numbers
task (Binomial test; p=.028). One great green macaw (Alba) was the only subject of the other 3
species with a performance above chance level but just in the Relative Numbers task (Binomial
test; p=.01) (Tab. 1).
Causality
None of the parrots was able to obtain the food using the stick in the tool use task. All the species
performed at chance level in the other Causality tasks (Tab.1, Fig.1).
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On the individual level, none of the great green macaws or blue-throated macaws
performed above chance in any of the Causality tasks, whereas 1 blue-headed macaw (Saturn)
and 1 African grey parrot (Nikki) were able to identify the functional tool in the Tool Properties test
(Binomial test, both p=.022). Similarly, another blue-headed macaw (Mars) and another African
grey parrot (Kimmi) solved the Shape task significantly above chance level (Binomial test, p= .019
and p=.003, respectively) (Tab. 1).
Social Learning
In the baseline condition, in which the subjects did not receive any demonstrations of how to retrieve
food from the different tubes, none of the blue-headed macaws and great green macaws solved the
task in a similar way to the one demonstrated in the test condition. However, 3 blue-throated macaws
and 1 African grey parrot solved the Push and Pull task by pulling the stick (Action B in the test
condition). Furthermore, 1 blue-throated macaw and two African grey parrots solved the Paper Tube
by tearing off the paper (Action A).
In the test condition, none of the African grey parrots showed any evidence of social learning.
Three blue-throated macaws solved the Paper tube by tearing off the paper (Action B), 1 blueheaded macaws solved the Banana tube once by shaking the tube (Action A), 2 great green macaws
solved the Push and Pull tube by pulling the stick (Action B) and 3 great green macaws opened the
Paper tube by tearing of the paper (Action B). In each case, the birds used the method that was
demonstrated, however, for all successful individuals that was also the method that had been shown
spontaneously by naïve birds in the baseline. This strongly suggests that one of the actions was
more intuitive than the other and could be acquired by the birds without social learning. The results
may therefore not reliably reflect the birds’ social learning skills and for this reason, we decided to
exclude this task from the comparative analyses below.
Communication
The great green macaws and blue-throated macaws performed significantly above chance level in
the Attentional State task (Wilcoxon exact test, z= -2.232, p=.031, and z=-2.687, p=.004,
respectively) (Tab.1, Fig.1). None of the species performed above chance in Pointing Cups.
One blue-throated macaw (Lady) performed above chance in the Comprehension task
(Binomial test, p=.048), and 1 African grey parrot (Jelo) was correct in 7 out of 8 trials in the Pointing
Cups task (Binomial test, p=.035). One blue-throated macaw (Mowgli), 1 blue-headed macaw
(Neptune), and 1 African grey parrot (Kimmi) scored a 100% correct in the Attentional State task.
Theory of Mind
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In the Gaze Following task only the blue-throated macaws performed significantly above the baseline
(Wilcoxon exact test; z=-2.025, p=.031), which we assessed by whether birds looked up while the
experimenter was looking straight (they looked upward in 17 % of all trials). None of the species
performed above chance level (0.5) in the Intentions task (Tab.1, Fig.1).
On the individual level 6 blue-throated macaws, 2 great green macaws, 1 blue-headed
macaw and 1 African grey parrot each followed the human gaze significantly more often than in the
baseline condition, whereas only a single bird, a blue-throated macaw (Mowgli), performed above
chance in the Intentions task (Binomial test, p=.048).
Comparison across the four parrot species
As none of our subjects solved the Tool Use task nor succeeded in Social Learning task, we
excluded it from the following statistical analysis of variance. Considering the performance in the
other 14 tasks of the PCTB a multivariate analysis of variance revealed no significant differences
across the 4 parrot species (MANOVA with species as between-subject factor and performance in
the 14 different tasks as dependent variables; Wilk’s Lambda, F14,42=0.715, p=0.873, η2=0.330).
However, as Figure 1 indicates, there was a larger difference across the species in the Rotation
and Transposition tasks, and, indeed, univariate analyses (ANOVA) revealed a species effect in
these tasks (F3,33=2.999, p=0.045, η2=0.214 and F3,33=2.993, p=0.045, η2=0.214, respectively). Posthoc tests (Bonferroni corrections) revealed that the African grey parrots outperformed the great
green macaws (p=0.037) in the Transposition task, but in the Rotation task there were no
significant differences across the species after correction for multiple testing.
The species did not differ significantly in their overall performance in the PCTB (MANOVA
with species and sex as between-subject factors and performance in both domains of the PCTB as
the dependent variables; Wilk’s Lambda: F6,56=0.631, p=0.705, η2=0.063). No statistically significant
differences were detected between the sexes (Wilk’s Lambda: F2,28=1.448, p=0.252) nor was there
a significant interaction between species and sex (Wilk’s Lambda: F6,56=1.096, p=0.376).
Comparison between primates and parrots
To compare the performance of the 4 parrot species with the previously tested 2 monkey species
(macaques and baboons) and 2 ape species (chimpanzees and orangutans), we determined the
mean proportion of correct responses in each scale for each of the 4 parrot species and compared
their results to those of the chimpanzees and orangutans obtained from (Herrmann et al., 2007)
and those of the baboons and macaques obtained from (Schmitt et al., 2012). The parrots did not
perform significantly worse than the previously tested 4 primate species in all but one of the test
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scales, but they remained at chance levels throughout all of them. Chimpanzees outperformed
them in the physical domain, but not in the social domain. The results of the comparison between
primates and parrots are summarised in Figure 2.
Performance in the physical domain differed significantly across species (MANOVA with
species as between-subject factor and performance in the 3 scales of the physical domain as the
dependent variables; Wilk’ Lambda F21,526= 14.234, p<.001, η2=.350). Univariate analyses (ANOVA)
showed that the differences across species were significant for all 3 scales (Space: F7,185= 42.166,
p<.001, η2=.615; Quantity: F7,185= 6.672, p<.001, η2=.202, and Causality: F7,185= 22.824, p<.001,
η2=.463). Post-hoc tests (Bonferroni correction for the scale Quantity and Dunnett t3 correction for
the scales Space and Causality) revealed that both monkeys and apes outperformed all 4 parrot
species in the scale Space (all ps<.01) (Fig.2). In the scale Quantity, only the chimpanzees
outperformed all 4 parrot species (all ps<.04) (Fig.2). In the scale Causality, both chimpanzees and
orangutans outperformed all 4 parrot species (all ps<.001) and the macaques performed better than
the great green macaws (p=0.021) and the blue-throated macaws (p=0.015) (Fig.2). However, the
differences in the scale Causality were mainly due to “Tool Use” task, which none of the parrots
solved. Looking at the scale causality without including the tool use task (Table 1), there were no
significant differences between the performance of each of the 4 parrot species and that of the
orangutans anymore.
Also, the performance in the social domain (note that we omitted the Social Learning task in
the following analysis) differed significantly between taxa (MANOVA with species as betweensubject factor and performance in the 2 scales of the social domain as the dependent variables; Wilk’
Lambda F14,368= 8.462, p<.001, η2=.244). Univariate analyses (ANOVA) showed that the differences
across species were significant for both the scales of the social domain (Communication: F7,185=5.574,
p<.001, η2=.174 and Theory of Mind: F7,185= 11.172, p<.001, η2=.297). Post-hoc tests (Bonferroni
correction) revealed that the baboons (i.e. the best-performing primate species) outperformed the
great green macaws (p=0.028), the blue-headed macaws (p=0.003) and the African grey parrot
(p=0.022) but not the blue-throated macaws (p=0.090) (Fig.2). The blue-headed macaws were also
outperformed by the chimpanzees and the orangutans (p=0.004 and 0.044, respectively) in this scale
(Fig.2). The monkeys but not the apes outperformed all 4 parrot species in the scale Theory of Mind
(all ps<.02) (Fig.2).
Influence of Temperament and Inhibitory Control
To examine whether there was any relation between the parrots’ temperament and their respective
performance in the test battery, we conducted a Spearman correlation analysis with all 3
temperament measurements (Duration, Latency and Proximity). The analysis was performed on 33
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parrots, thus excluding 1 African grey parrot and 4 blue-throated macaws due to an experimenter’s
error.

The variance component analysis conducted to determine sources of variability within the 3
different measures (i.e., Latency, Duration, Proximity) revealed that the temperament measure
Latency accounted for the largest differences between individuals and was thus used for all other
correlational analyses.

We found no significant correlations between the temperament measure (Latency) and the
performance of the parrots in the physical domain (Spearman correlations; great green macaws:
r=0.295, p=0.440, N=9; blue-throated macaws: r=0.147, p=0.728, N=8; African grey parrots: r=0.450, p=0.310, N=7; blue-headed macaws: r=0.265, p=0.526, N=8) or in the social domain
(Spearman correlations; great green macaws: r=-0.238, p=0.537, N=9; blue-throated macaws: r=0.476, p=0.233, N=8; African grey parrots: r=0.109, p=0.816, N=7; blue-headed macaws: r=0.265, p=0.526, N=8).

Furthermore, no significant correlations were found between the Inhibitory Control task
and the parrots’ performance in the physical domain (Spearman correlations; great green macaws:
r=-0.208, p=0.592, N=9; blue-throated macaws: r=0.265, p=0.526, N=8; African grey parrots: r=0.085, p=0.856, N=7; blue-headed macaws: r=0.331, p=0.423, N=8) or in the social domain
(Spearman correlations; great green macaws: r=-0.190, p=0.624, N=9; blue-throated macaws: r=0.103, p=0.808, N=8; African grey parrots: r=0.210, p=0.652, N=7; blue-headed macaws: r=0.331,
p=0.423, N=8).

No significant difference in the Inhibitory Control task was found across species (KruskalWallis one-way ANOVA, 𝝌2 =7.552, df=3, p= 0.56).

Finally, we investigated if temperament differed across species. The proximity of approach
differed significantly across species (ANOVA with species as a between-subject factor and
Proximity as the dependent variable; F3,28=6.510, p=0.002). Post-hoc tests (Bonferroni) revealed
that the blue-throated macaws approached unfamiliar human and objects closer than the other 3
species (great green macaws p=0.013, blue-headed macaws p=0.007, and African grey parrots
p=0.005). Similarly, the duration the subjects spent in proximity to the testing stimuli differed
significantly across species (ANOVA with species as a between-subject factor and Duration as the
dependent variable; F3,28=5.386, p=0.005). Post-hoc tests (Bonferroni) revealed that the bluethroated macaws spent more time near the stimuli than the other 3 species (great green macaws
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p=0.047, blue-headed macaws p=0.015, and African grey parrots p=0.009). Finally, the Latency to
approach differed significantly across species (ANOVA with species as a between-subject factor
and Latency as the dependent variable; F3,28=7.536, p=0.001). Post-hoc tests (Bonferroni) revealed
that the blue-throated macaws approached the stimuli more quickly than the other 3 species (great
green macaws p=0.005, blue-headed macaws p=0.003, and African grey parrots p=0.004).
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2.5

Discussion

The parrots’ overall performance and comparison to primates
Contrary to our predictions, the 4 parrot species tested in the present study performed at chance
level in the PCTB overall, whereas the previously tested 2 ape species and 2 monkey species
performed significantly above chance in several test scales each. The direct comparison between
primates and parrots in those scales did not turn out significant differences in performance in many
cases, however. In the physical domain, the parrots did not perform significantly worse than the
previously tested primate species except for chimpanzees, and apart from the scale “space” where
they were clearly outperformed by monkeys and apes. In the social domain, the pattern was more
complex as the primates showed differential performance in the different scales. In the
communication scale, one parrot species, blue-throated macaws, was not outperformed by any
primate species and in the theory of mind scale, the parrots did not differ from the apes’ but from the
monkeys’ performance. Based on previous findings on parrots’ cognitive capacities (for a review
e.g., (van Horik et al., 2012) and considering their large relative brain sizes (Iwaniuk et al., 2005), we
expected the parrots to perform at comparable levels to the primates in the tasks of the PCTB.
However, the fact that the parrots performed at chance level throughout most tasks of the PCTB,
which largely consists of 2-choice (or 3-choice) tasks, makes it hard to interpret their cognitive
capacity and relative performance to primates. On the one hand, chance level performance may
reflect their actual cognitive capacity, suggesting that the parrots actually have a relatively poor
understanding of objects and their spatial, numerical and causal relations as well as a poor
appreciation of social cues given by human experimenters (pointing gestures or following the gaze
direction) in object-choice tasks. On the other hand, a chance level outcome can arise equally if the
subjects do not attend to (or are not motivated to respond to) the crucial features of those tasks for
other reasons (i.e. task constraints), and therefore just choose randomly in the test situation. While
a performance above or below chance are likely to reflect cognitive ability, a uniform chance level
performance across the entire test battery raises some ambiguity. This interpretational dilemma is a
potential issue that test batteries such as the PCTB, which are mostly based on a forced-choice
design, may face when used for larger-scale phylogenetic comparisons. This may limit their
suitability as comparative tool as discussed further below.
Interestingly, there were single individuals in nearly all tasks (except for Noise, Tool Use and
Intentions) that did perform above chance spontaneously (see Table 1), which would suggest that
the particular cognitive skill tested was within the capacity of the respective species. However notably
there was little consistency across species and no consistency across individuals across several
tasks of the PCTB (as one would expect if a general cognitive ability was to account for individual
differences, as found in other species; see Amici et al., 2012; Herrmann et al., 2010).
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Performance of the parrots in the different scales in the physical domain and previous
research
The predominant task in the space scale tested whether the animals exhibited object permanence,
i.e., the ability to keep track of objects and individuals that are temporarily out of sight. It is
considered a very basic cognitive skill that might provide adaptive advantages for avoiding
predation, monitoring potential prey and tracking social interactions (Emery, 2006). In human
infants, object permanence develops over the first 2 years and undergoes 6 stages during
sensorimotor development (Piaget, 1954). Object permanence has been previously demonstrated
in several parrot species, such as African grey parrots, Illiger macaws (Primolius maracana),
budgerigars (Melopsittacus undulatus), New Zealand parakeets (Cyanoramphus auriceps),
cockatiels (Nymphicus hollandicus) and Goffin’s cockatoos (Auersperg et al., 2014; Funk, 1996;
Pepperberg et al., 1997; Pepperberg and Funk, 1990; Pepperberg and Kozak, 1986). In the
Object Permanence tasks of the PCTB administered here, 3 species, i.e. the blue-throated
macaws, the blue-headed macaws and the African grey parrots, performed above chance level,
however all subjects (except for 1 adult blue-throated macaw) failed in the Single displacement
touch control task, introduced in the test battery by (Schmitt et al., 2012). This suggests that the
birds chose the last cup touched by the experimenter rather than responding to where the smaller
cup was moved to.
Our parrots’ performance in the transposition and rotation tasks was at chance level.
Similar tasks have been studied in very few avian species to date. Within parrots, only African grey
parrots (they were able to solve a single transposition task, double transposition was not
administered; (Pepperberg et al., 1997) and Goffin’s cockatoos (Cacatua goffiniana; (Auersperg et
al., 2014) were tested and found capable of solving transposition tasks. The only parrot species
previously tested in the rotation task, the Goffin’s cockatoo, passed all rotation conditions tested
(90, 180, 270, and 360 degrees invisible rotations; (Auersperg et al., 2014) but required a minimum
of 48 trials to reach criterion, thus many more trials than were administered to the parrots in this
study. It is possible that the poor performance of our birds may be partly a consequence of the low
trial number as discussed below.
Given the previous evidence that some parrots species perform at similar levels to children,
apes, and corvids in Piagetian tasks (Auersperg et al., 2014; Pepperberg et al., 1997), the chance
level performance of our study subjects in object displacement and rotation tasks compared to
primates is surprising. Particularly, when considering that Goffin’s cockatoos and African grey
parrots in the studies mentioned above had shown high-level performance in the invisible
displacement tasks (Piagetian stage 6) and that already at the age of 8 to 10 months, we expected
our birds - that were at least 12 months old when tested-, to have reached their full competence in
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object permanence and to pass those tests too. However, it is possible that the poor performance
of our subjects might be attributable to constraints in the experimental design rather than to age or
cognitive capacity. One indication for this may be that many of our birds appeared either highly
side-biased in their object-choices or appeared to choose randomly. There may be several
reasons accounting for this. A random choice in a choice task may not be a bad strategy if the
subject can accumulate sufficient rewards across a session just by chance. As highlighted before,
in the PCTB, the great majority of tasks (with the exception of the tool use and social learning task)
are such forced 2- or 3-choice tasks. Moreover, the trial numbers per task in the PCTB were very
low compared to studies of particular cognitive abilities carried out on parrots so far (Auersperg et
al., 2009; O’Hara et al., 2016) and it is possible that birds require higher trial numbers before they
come to realise that their choice matters (see further discussion below). It also raises the question
if birds tested in previous studies had learnt a rule across trials rather than acting based on an
understanding of the task. Additionally, a low trial number (typically 6 trials per test) combined with
a low sample size may be more prone to be confounded by unwanted contextual variables. While
the previous PCTB on monkeys had a similarly low sample size than us (5-13 monkeys per
species vs. 8-12 parrots per species) and thus doubled the original PCTB trial number from 3 to 6
(Schmitt et al., 2012), the original chimpanzee study was carried out on 106 individual
chimpanzees and therefore probably produced more robust data than the follow-up monkey study
and our here (Button et al., 2013). Finally, while primates indicate their choice by a pointing
gesture, birds in comparable studies are typically required to indicate their choice by touching the
objects directly with their beak thus it might be more difficult to overcome their impulses
(Krasheninnikova et al., 2018).
Similarly, our results in the quantity tests, which were based on a two-choice design as well
and thus face the same potential issues than those highlighted above, contrast with the findings of
previous studies on psittaciformes. In the present study, the blue-throated macaws were the only
species performing above chance, and only in Relative Numbers. Our African grey parrots failed
both quantity tasks. This contradicts previous findings that both language-trained and naïve African
grey parrots can distinguish between larger and smaller object quantities (Aïn et al., 2009;
Pepperberg, 2006, 1994). Yet, while they performed significantly worse than the chimpanzees
tested, it is notable that our parrots’ performance did not differ significantly from that of the orangutans and the monkeys tested in the identical tasks (Schmitt et al., 2012).
All our species performed at chance level in all two-choice-tasks on causal understanding,
albeit again not performing significantly worse than the monkeys (and orang-utans if the Tool use
task is omitted from the analysis). Again, previous parrot studies focussing on particular physical
intelligence tasks report considerably better performances. For example, a previous study testing
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African grey parrots’ ability to exploit acoustic cues in the search for food, hidden in containers,
suggested that the parrots understood the causal relevance of the food rattling in the container
(Schloegl et al., 2012). In the present study, none of our subjects appeared to even attend to the
noise cue, let alone to use the noise as a cue to the location of the food. Keas previously tested with
similar means-end support problem tasks, which involved pulling the correct piece of cloth in order
to reach a reward resting upon it and contains conditions identical to the Tool Properties tasks (e.g.,
Cloth and Ripped conditions) performed comparably well to primates (Auersperg et al., 2009).
Similarly, a number of parrot species succeeded in the Broken wool condition, one of the standard
patterned-strings tasks in the string-pulling paradigm, (Krasheninnikova et al., 2013; Schuck-Paim
et al., 2009; Werdenich and Huber, 2006), also suggesting that parrots are capable of assessing the
spatial means–end relationships spontaneously. In the present study however, the majority of our
subjects apparently did not understand the physical ‘connectedness’ of objects so as to identify the
functional tool in the Tool Properties tasks. Again, the tasks involved only very few test trials (i.e. 6
per condition), because the PCTB was originally developed to examine the spontaneous
understanding of the tasks rather than examining whether the animals can learn to solve the tasks
gradually across many trials. In most previous studies, however, the subjects did have many more
trials and in several of those studies arguably it cannot be fully excluded that the subjects might have
learned to solve the task throughout the sessions by employing associatively learnt rules. In the
present set-up in contrast, subjects switched from one task to the next one after a few trials, so that
all they might have learned was that choosing randomly is a profitable strategy. In this regard, it
would be interesting to run some of the more detailed previous protocols with more trials per
condition, such as means-end support problems referred to above (Auersperg et al., 2009; Funk,
2002) on our parrots, in order to see whether they perform better if more trials are conducted per
condition.
Concerning the uniform failure of our subjects in the tool-use task, the only non-object-choice
task of the physical cognition part, it ought to be highlighted that reports of tool use and tool
manufacturing abilities are exceedingly rare in parrots. Nevertheless, keas (Auersperg et al., 2011b)
and Goffin’s cockatoos (Auersperg et al., 2012) have shown remarkable competency for using and
making tools spontaneously to obtain out-of-reach food in the laboratory. Some of the tool use
observations on keas and Goffin’s cockatoos in the lab (Auersperg et al., 2012, 2011b, 2011a), see
below) but only one on parrots in the wild (Heinsohn et al., 2017) have involved spontaneous
manipulation of sticks. This may indicate that the stick tool task, originally developed for apes, may
be highly unnatural and thus very hard for parrots. Additionally, morphological factors might have
constrained the parrot species tested. When Goffin’s cockatoos used a stick to retrieve food in a
similar task, they manoeuvred it between their extremely mobile and muscular tongue and their
maxilla (Auersperg et al., 2011b). The longer maxilla in our species prevents the same manipulation.
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Keas, who possess an even longer maxilla, were only able to use a stick tool horizontally while
counterbalancing it with their foot (Auersperg et al., 2011b) and therefore had difficulties controlling
its movements. They would probably not have been able to manoeuvre a stick on the ground with
this method and would have failed the tool use task in this battery as well. The failure of the parrots
to use stick tools in this study is therefore not surprising and the task may not be suited to reveal a
capacity for tool use in a broad taxonomic comparison.
Performance of the parrots in the social domain and previous research
An analysis of the performance in the social domain revealed a similarly poor performance of all 4
parrot species at chance level. Concerning the Social learning task, the African grey parrots failed
to find the solution in any of the three social learning tasks and those individuals of the other 3
species who solved the tests only used techniques that were also shown by naive birds in the
baseline condition. Accordingly, it cannot be ruled out that the birds discovered the solution by
chance rather than social learning and renders the reliability of our data questionable. We therefore
omitted it from the analysis. While parrots are well known for their vocal imitation capacity (Balsby
and Bradbury, 2009; Berg et al., 2012; Pepperberg, 2006), evidence for movement imitation in these
birds have had mixed results. While two studies failed to find robust evidence of motor imitation in
the budgerigar (Galef et al., 1986; Moore, 1992), others described experiments in which budgerigars
imitated the technique to uncover a food container that they observed from a conspecific
demonstrator (Dawson and Foss, 1965; Heyes and Saggerson, 2002), or even a virtual conspecific
demonstrator (Mottley and Heyes, 2003) suggesting that this species is capable of imitating body
movements. The only evidence for spontaneous imitation of human movements to date has been
found in grey parrots (Moore, 1992). However, a few studies have shown that parrots can learn
socially from conspecifics through other mechanisms than imitation (Goffin cockatoos (Auersperg et
al., 2014); keas (Huber et al., 2001) budgerigars, (Heyes and Saggerson, 2002). Whether our birds
might have performed better if a conspecific had demonstrated the actions remains to be tested by
future studies. In primates, only chimpanzees learned socially in this setting although orangutans
learn socially in the wild (Jaeggi et al., 2010). This is a further indication that the task demonstrated
by a human rather than a conspecific may not have been sufficiently salient for social learning to
occur, even for some of the primate species.
Also in the Communication and Theory of Mind scales the parrots’ overall performance did
not differ from chance, although in the former great apes did not perform significantly better than
the parrots. In the communication scale at least, the blue-throated macaws’ performance was not
significantly different to that of apes and monkeys. In the Attentional state task, the great green and
blue-throated macaws performed above chance level, but they failed in the other tasks of the
Communication and the Theory of Mind scale. Even though the blue-throated macaws followed the
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gaze of the human experimenter significantly more often than in the baseline condition, with 6
individuals performing above chance overall, none of the species tested used the gaze cue in the
Comprehension task, where the gaze cues would have indicated the location of the hidden reward.
They were also not able to make use of pointing cues given by the human experimenter in the
Comprehension task. Hence, none of the species showed the ability to actively use or to respond
to pointing or gaze cues provided by a human experimenter. In a previous study by (Giret et al.,
2009), 3 grey parrots were able to make use of salient pointing cues given by an experimenter in
the close proximity to the hidden food with minimal training. Yet, none of them were able to use
any of the distal or momentary human-given cues, whether pointing or gazing (Giret et al., 2009). It
is therefore possible that parrots either do not attend to or do not understand human attentional
states or communicative cues. There are hardly any previous socio-cognitive studies on parrots,
other than the ones cited here, which could serve as a reference (for a review see (Lambert et al.,
2018). In the Theory of Mind scale of the PCTB, all 4 parrot species tested, including the grey
parrots, responded completely at random in the 12 trials of the Intentions task, which meant to
measure whether the animals could interpret human intentional actions. Like in the Comprehension
task, it is difficult to judge whether the parrots’ random performance was attributable to the low trial
number or simply to lack of attention or understanding. A previous study reports that grey parrots
have some understanding of human intentional actions since they distinguished between
intentional actions of a human experimenter according to whether he was unable or unwilling to
give food to the subjects (Péron et al., 2010). However, it needs to be considered that only 3 handraised individuals were tested, which had extensive human experience and particularly strong
bonds to their human caretakers, which might have enhanced their human related social skill.
In summary, it is possible that the chance level performance of the parrots in the social
domain was implicated by the fact that a human experimenter administered the tests. Parrots lack
a long domestication history within humans, they rarely encounter them in their natural
environments, and they are phylogenetically too distant to them as to have evolved a sensitivity to
their communicative cues. Indeed, animals living in close proximity to humans have proven to
excel in understanding human gestures. In particular, dogs show remarkable skills in following not
only pointing gestures but also more subtle cues such as gaze directions. On the contrary, wolfs
show only limited comprehension of human gestures thus indicating that the process of
domestication effected these skills (Soproni et al., 2001). Likewise, apes also seem to fail in tasks
that involve reading human communicative signals indicating the location of a hidden food (even if
raised without exposure to humans) (Bräuer et al., 2006; Hare et al., 2002). Even though
chimpanzees have been found to reliably follow a human's gaze (Bräuer et al., 2005), they typically
perform at chance level in object choice tasks where a human partner provides them with a gaze
cue (Call et al., 1998). In the case of chimpanzees, their apparent inability of chimpanzees to make
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inferences about the communicative meaning of directional cues in the object-choice tasks has
been related to the cooperative nature of the task (Hare, 2001). Intentionally provided
communicative cues by a human co-operator indication the location of hidden food contrasts with a
rather competitive nature of apes’ societies (Hare and Tomasello, 2004). Thus it might not surprise
that the chimpanzees are more successful at finding food when tested in a competitive paradigm,
where they could exploit unintentional cues from a human competitor, rather than interpreting
cooperative cues (Call et al., 2000; Hare and Tomasello, 2004; Herrmann et al., 2006). Concerning
parrots, too little is known about most species’ social behaviour and the severity of intraspecific
competition in the wild to be able to judge to what extent the cooperative setting was an ecological
valid one for parrots or whether a competitive setting would have produced clearer results.
An additional point to be raised in this context is that due to the parrots’ non-binocular
vision it was difficult to assess whether they were following the human’s gaze (as indicated by our
poor interobserver reliability in the Gaze Following task). Thus, our gaze following data might
represent false negative results and should be considered with precaution. Overall, the previous
positive findings on the ability of parrots to imitate a conspecific or human experimenter (Heyes
and Saggerson, 2002; Moore, 1992; Mottley and Heyes, 2003), to respond to humans’ intentional
actions (Péron et al., 2010), and to use proximal human pointing gesture (Giret et al., 2011), may
cast some doubt on whether the poor responsiveness or chance level performance of our parrots
in the social domain reliably reflects their actual cognitive capacity.
Influence of temperament
The temperament varied across the 4 species tested. The blue-throated macaws did approach
unfamiliar human and objects closer and faster than the other 3 species. They also spent more
time next the stimuli suggesting that they were bolder or more interested in the new stimuli. This is
in line with our observations that our group of the blue-throated macaws tend to explore new
situations quicker and interact with new objects longer compared to the other three species.
Recent studies with young children revealed a clear connection between shy temperament and
more advanced ‘‘theory of mind’’ skills (Wellman et al., 2011). In apes, the bolder individuals
performed better in the physical but not in the social domain (Herrmann et al., 2007) and recently
studies on several other species report correlations between temperament and cognitive
performances in various contexts such as working memory (James et al., 2007; Valenchon et al.,
2013), learning (Guenther et al., 2014), and cooperation (Scheid and Noë, 2014). However, we
found no influence of temperament and inhibitory control on cognitive performance of the parrots.
However, we found no influence of temperament and inhibitory control on cognitive performance of
the parrots.
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Summary of the possible task constraints of the PCTB for parrots
As discussed in the introduction, previous work on parrot cognition has shown that parrots perform
at a comparable level to primates and corvids in many cognitive tasks and in different domains
(Osvath et al., 2014). However, in the PCTB the parrots performed at chance levels and not
significantly different from primates in only some of the scales, while performing strikingly worse in
others. If the results were to be trusted despite of the ambiguity resulting from the uniform chance
performance and despite the possible methodological task constraints discussed in the following,
they would imply that parrots had a somewhat poorer understanding of their physical and social
world than apes and monkeys. However, the results from the distinct PCTB tasks contrast with
findings obtained from previous studies investigating similar cognitive skills in parrots as discussed
above, indicating further that the results we obtained may not be entirely reliable and representative
of parrots.
Their actual cognitive capacity, as well as differences between the species might have simply
been obscured by floor effects resulting from the inadequate methodology (MacLean et al., 2012). It
is one of the most central dilemmas faced by the field of comparative cognition that the same task
may be more easily solved by some species than others because of non-cognitive factors such as
morphological, motivational or attentional differences as well as ecological relevance (Beran et al.,
2014). How to handle this problem remains controversial; some researchers suggest adjusting the
experimental procedures as much as necessary according to the species examined, but this might
be at the expense of the studies´ comparability (Chittka et al., 2012). Thus, it is often difficult to
conclude whether a species´ failure in a task can be attributed to poor cognitive performance or an
inadequate methodological design (de Waal and Ferrari, 2010).
Indeed, one reason for the overall chance-level performance of parrots compared to primates
could be the very fact that we replicated a study in parrots that was originally designed for primates.
As pointed out by (Schmitt et al., 2012), the original purpose of the primate cognition test battery was
to test the cultural intelligence hypothesis as a potential driver of human evolution. It therefore
focused on human-specific skills in primates and their ontogeny in human children (Herrmann et al.,
2007). As a result, the anthropocentric context of the tasks might have caused lack of ecological
validity for avian species and the PCTB might thus have been inadequate for testing non-primates.
However, given that parrots face similar socio-cognitive and physical environmental challenges than
primates (Osvath et al., 2014), and given that many of the distinct tasks of the PCTB have been
tested in similar albeit more extensive form by earlier studies on parrots (see Lambert et al., 2018
for review), we think that attempting the direct comparison implementing exactly the same test
battery in parrots was justified and that some ecological validity of the tasks could be assumed.
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However, the PCTB design turned out to pose several problems other than a possible
anthropocentric context for parrots. As indicated above, another important potential constraint of
the PCTB that may also affect other species is the forced choice design of most of its tasks, i.e.
that subjects face a choice between 2 (and sometimes 3) options, one of which leads to a reward.
Consequently, the probability of being rewarded just by choosing randomly, i.e. without any
cognitive involvement, is high and may lead to a satisfying net benefit of rewards. Thus, the costs
of a wrong choice were probably low and this could have strongly encouraged the rise of
stereotypic behaviours or use of simple rules across tasks, such as the formation of side biases,
which will obtain half the rewards in many of the tests in an efficient manner. Indeed, 19 out of the
36 parrots developed such side biases and stuck to them throughout the different tasks. Another
issue as discussed earlier was the interaction with humans, and this was especially problematic in
tasks of the social domain. Primates are phylogenetically and morphologically closer to humans
and therefore likely to attend to body movements of human experimenters better than parrots.
Even basic aspects of many of the tasks, such as having to track a human’s hand movements, are
probably disproportionally more difficult for birds than for primates and may impede their success
(Jelbert et al., 2016; Shaw and Schmelz, 2017)
Another potential reason for the parrots’ chance level performance in comparison to the
primates may have been the young age of the majority of tested individuals compared to the much
larger age range in the monkeys. Even though the parrots were probably cognitively mature given
that the few adult parrots tested performed equally to the younger subjects, the ideal scenario would
be to compare species of the same ‘cognitive’ age to avoid possible ontogenetic effects in the data.
Age therefore represents a particular conceptual challenge for comparative cognition, because
cognitive development might take a different pace and route in different species and is certainly not
actual age-related per se. This has been pointed out by several studies such as (Schmitt et al., 2012)
who reported the difference in the age of the monkeys compared to human children and the older
apes (Herrmann et al., 2007).

Conclusion and Implication for future comparative cognition research
The present study, to our knowledge, is the first to make the important attempt to directly compare
the cognitive skills of primates with a large-brained avian group in a large battery of tests covering
both the social and physical domain. Many previous studies have suggested similarities between
parrots’, corvids’ and primate’s cognition (Osvath et al., 2014), however slightly different methods
have been used to measure these similar aspects. Therefore, it is important to strive for more
systematic and direct comparisons in order to obtain a more reliable view of whether cognition has
evolved convergently in these taxa. Nevertheless, our results suggest that this direct comparison
may not have produced representative data for parrots given 1) the uniform chance-level
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performance, which leaves ambiguity as to whether the parrots may not have attended to the
crucial features of the task, and given 2) that the findings stand in sharp contrast to the superior
cognitive performance reported from several earlier parrot studies as discussed above. It therefore
highlights one of the core challenges for future comparative cognition, which is to develop
functional methods for large-scale phylogenetic comparisons of cognitive abilities (MacLean et al.,
2012). At the same time, it exemplifies a new problematic issue for comparative research based on
test batteries similar to the PCTB, namely interpreting chance-level performance. The findings
obtained from the 4 parrot species tested on the PCTB indicate that the usefulness of a cognitive
test battery for a broad taxonomic comparison might be improved if tasks were developed that
were less reliant on interaction with humans and that avoided typical 2-choice test settings.
In our view, there are two principal routes for developing test batteries for large-scale
phylogenetic comparisons – either developing tests that are comparably abstract and lack an
ecological context for all tested species alike – or adjusting the test setting for each single test for
each single species as much as necessary but at a cost of comparability. Concerning the latter,
across very large systematic phylogenetic comparisons the resulting impreciseness may be
cancelled out thus successfully revealing the main selective forces (Shaw and Schmelz, 2017).
Concerning the former, it may be a key to develop test batteries that can be implemented entirely
on touch screens. This would offer a test setting comparably neutral for most species and it would
maximise standardisation and thus comparability. There are some indications that the 2-D
abstraction may be less salient for test subjects than tests involving real objects (O’Hara et al.,
2015) and some factors that can cause differential performance due to other non-cognitive
reasons, such as perceptual or motivational differences, may remain. However, it seems a
promising new tool (Schmitt, 2018) and first comparative studies focussing on specific cognitive
tests have successfully been carried out (O’Hara et al., 2017). Yet, it would be important that
before taxonomic comparisons are made, pilot studies are carried out across laboratories
establishing differences in the motivation and attention levels of different species when working on
a touchscreen. Such baselines would help in weighting and interpreting the different species’
performances in the comparison.
To sum up, the chance level performance of the parrots leaves it open whether the PCTB
measures their cognitive capacity representatively and thus, whether is suitable to assess the
cognitive skills of a wide range of species as part of a broad phylogenetic comparison. To acquire
large-scale comparative data, future comparative cognition research must find ways to maximise
the comparability between studies on different species. For a valid comparison between species,
the essential components of the tasks ought to be standardised, species differences in attention
and motivation controlled for, while allowing variation in otherwise potentially confounding
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parameters such as dimensions of the experimental apparatuses, manipulation skills needed to
solve a task, etc. It will require careful collaboration of different research groups to come up with
good compromises between achieving high species-specific ecological validity of the test settings
(or neutral test settings) and implementing as few methodological modifications across as many
species as possible (MacLean et al., 2012).
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Table 1. Mean proportion of correct responses of the parrots in each task (and Scale) of the PCTB.
Note: Significant deviations from chance level are in boldface (α = .05). Performance on the scale
level was not compared to chance as this varies between tasks. Trials = Number of trials
performed in each task; n = Number of tested individuals; Ind = Number of individuals performing
above chance level.

Task

Trials

n

SPACE

ARA

ARA

PRIMOLIUS

PSITTACUS

AMBIGUUS

GLAUCOGULARIS

COULONI

ERITHACUS

M(SD)

Ind

n

.34 (.05)

M(SD)

6

9

.37 (.11)

12

.40 (.13)

Object perm

18

9

.38 (.09)

12

.42 (.08)

Rotation

18

9

.32 (.07)

12

.41 (.09)

Transposition

18

9

.28 (.11)

12

.33 (.09)

.52 (.06)

Rel Numbers

16

9

.56 (.12)

Add Numbers

14

9

.48 (.05)

n

.39 (.05)

Spatial memory

QUANTITY

Ind

Ind

n

.37 (.06)

M(SD)

.37 (21)

1

8

.36 (.19)

1

.33

1

8

.48 (.10)

3

8

.44 (.08)

1

.33

2

8

.31 (.07)

8

.35 (.09)

8

.32 (.11)

8

.42 (.12)

.53 (.09)
4

8

.53 (.12)

8

.53 (.08)

.50

12

.50(.12)

1

8

.54 (.07)

8

.54 (.11)

.50

.40 (.05)

CAUSALITY (w/o tool use)

.52 (.05)

.52 (.05)

.53 (.07)

.54 (.07)

Noise

12

9

.49 (.05)

12

.51 (.07)

8

.49 (.11)

Shape

12

9

.55 (.08)

12

.53 (.13)

8

.58 (.12)

Tool Use

1

9

0

12

0

8

0

Tool Prop

30

9

.51 (.08)

12

.53 (.07)

8

.52 (.08)

9

.42 (.11)

12

.46(.17)

8

.36 (.13)

8
8
8

.19 (.26)

8

.34 (.12)

.54 (.21)

8

.56 (.12)

8

0

8

.51 (.06)

8

.41 (.15)

.48 (.13)

8

.50 (.09)

.42 (.15)

8

.47 (.23)

1

0.50

8

.25 (.35)

1

0.00

8

.28 (.04)

8

0

1

N.A.

8

.56 (.08)

18

9

.52 (.09)

12

.55 (.10)

Pointing Cups

8

8

.49 (.17)

9

.53 (.12)

Attentional State

4

9

.25 (.25)

12

.40 (.34)

9

.29 (.07)

12

.31 (.07)

12

.10 (.13)

6

8

.13 (.19)

12

.51 (.08)

1

8

.55 (.10)

9

.04 (.07)

12

9

.54 (.11)

2

1

8

Comprehension

9

.33

.63 (.12)

.40 (.05)

Intentions

2

12

.39(.04)

Gaze Following

.33

.53 (.06)

.39 (.04)

THEORY OF MIND

Chance

.39 (.07)

CAUSALITY

COMMUNICATION

Ind

8

.56 (.06)
1

M(SD)

1

1

1

1
1

.50
1

.50
.00

1

.50
0.50

0.50
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Figure 1. Performance of the parrots in the PCTB. Shown are the proportions of correct responses of the great green macaws, the blue-throated macaws, the
blue-headed macaws, and the African grey parrots in different shades of grey from the brighter to the darker, respectively, in the 16 tasks of the PCTB grouped
into the respective scale. Boxes show the interquartile range from the 25th to the 75th percentile. The line across the boxes represents the median. The whiskers
indicate the maximum and minimum values excluding outliers (circles). The dotted lines represent the chance level and baseline, respectively, for each task. The
asterisks indicate significant differences from chance level or between species, respectively. Note that the performance in the scale Social learning has been
omitted from the comparative analyses.
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Figure 2. Comparison between parrots and primates. Shown are the proportions of correct responses on the scale level for the 4 different parrot species and the
4 different primate species. Boxes show the interquartile range from the 25th to the 75th percentile. The line across the boxes represents the median. The
whiskers indicate the maximum and minimum values excluding outliers (circles). The asterisks indicate significant differences between species. AA = Ara
ambiguus (great green macaws), AG = Ara glaucogularis (blue-throated macaws), PC = Primolius couloni (blue-headed macaws), PE = Psittacus erithacus
(African grey parrots), MF = Macaca fascicularis (long-tailed macaques), PA = Papio anubis (olive baboons), PP = Pongo pygmaeus (orangutans), and PT = Pan
troglodytes (chimpanzees). Note: The primate data used for the species comparison were provided by Herrmann and colleagues (2007) and Schmitt and
colleagues (2012). The performance in the scale Social learning has been omitted from the comparative analyse
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Chapter 2 - Two macaw species can learn to solve
an optimised two-trap problem, but without
functional causal understanding
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3.1

Abstract

The trap-tube paradigm is a useful reference for judging whether a species is likely to use
advanced physical causal cognition, however it does not have a standardised format. In this study,
the design of an optimised two trap-table is described and is then tested on two species of macaw:
Ara ambiguus and Ara glaucogularis. Multiple subjects of both species learned a successful
method to solve an initial trap-problem and some transferred this success to other apparatus
presented. However this transfer was likely achieved without a functional physical understanding
of the task. The macaws probably have a preference to use learned rules based on arbitrary
properties to solve the trap-problem. We conclude that this setup of the two-trap-problem is a
viable benchmark that could be administered to a variety of species with very little modification,
thus paving the way for more directly comparative studies.
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3.2

Introduction

The trap-tube is one of the benchmark tests to comparatively study causal understanding in
animals. Its initial purpose was to explore the extent to which a group of capuchin monkeys
(Cebus apella) understood the causal properties of a stick tool (Visalberghi and Limongelli, 1994).
The capuchins first learned to push a reward out of a tube with a stick (Visalberghi and Trinca,
1989), and then a blocked container, or trap, that the reward could fall into was placed in the tube
to see if the capuchins would avoid it (Visalberghi & Limongelli, 1994). One capuchin did avoid the
trap, but also continued to do so if the trap was made non-functional. This suggested that the
capuchins did not recognise what the functional effects of the trap were. However, this conclusion
was shown to be problematic as humans also followed the same pattern of behaviour if given the
same test (Silva et al., 2005). A new design was created by Seed and colleagues (2006), in which
two visibly similar but functionally different traps were attached to one tube.
First, the group of rooks (Corvus frugilegus) tested in this study had to learn how to use one
of two apparatuses. In both apparatus the birds had to choose between either pulling the reward
towards a functional trap or a visibly similar but non-functional trap using a pre-inserted stick tool.
The non-functional traps had the same physical appearance as the blocked container of the
functional trap but were either blocked above the container or unblocked at the bottom. Seven of
the eight rooks learned how to remove the reward from one of the two apparatus in a significantly
consistent manner. One of the key merits of this study was the following use of transfer tasks.
The learning stage of the experiment had taught the rooks the basic affordances of the equipment,
thus the rooks were aware that the task had two choices and they affected the reward differently.
This meant that they could then be given the other apparatus that contained the non-functional trap
and promptly attempt to remove a reward from it without additional habituation or training. All of
the seven rooks succeeded in applying a method to the novel apparatus within just 20 trials
suggesting the rooks had possibly learnt a more general rule about the properties of the traps.
However, as both the apparatus shared a visibly identical incorrect answer, the functional trap, it
was argued that the birds had only transferred a basic rule of avoiding this trap based on its
arbitrary features and there was still no effective evidence of their understanding of the causal
properties of the task.
To address this problem, two further transfer tasks were created. Firstly, the experimenters
removed the potentially arbitrary cue of the original functional trap. The two choices now available
to the rooks were the two non-functioning traps from the initial tasks and thus both had been
positively reinforced. However, other features of the trap-tube were now modified to make one of
these non-functioning traps functional and therefore stop the reward being obtained through one of
the two choices. On these transfer tasks only one of the seven rooks succeeded in both, with all
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the others picking randomly. It was concluded that the single bird that had succeeded in all the
transfers may have had an understanding of the physical causal properties of the task or at least
was using an abstract rule based on the properties of solid surfaces. Perhaps the most insightful
aspect of this study was that it also suggested that the majority of the birds had not used a physical
understanding of the traps properties to guide their choices; the additional transfer tests revealed
the cognitive attributes used regardless of success or failure. Regardless of the result the
experiment acts as a useful guide to researchers about how driven a species is to use more
complex causal mechanisms when adapting their behaviour.
The aim of comparative cognition is to discover how different species with either similar or
distinct evolutionary pressures will perceive, interact and understand aspects of their physical and
social world (Shettleworth, 2010a). By virtue of how useful the two-trap paradigm is, it has now
been replicated a number of times with varying success in corvids and other species (see Table 1).
Another group of rooks were tested in parallel to those described above, and interestingly failed to
transfer a successful method to any two-trap task after learning a one-trap task (Tebbich et al.,
2007). Hooded crows (Corvus corax) showed some capacity to transfer between comparable
apparatus to the study by Seed and colleagues (2006) (Bagotskaya et al., 2013), which suggested
a comparative cognitive performance. New-Caledonian crows (Corvus moneduloides) failed the
same initial transfer task that was given to rooks in Seed and colleagues’ study (2006) on a traptube task, but interestingly were able to transfer a learned solution from a two-trap task formatted
in a trap-tube device to a trap-table device (Taylor et al., 2009), which was visibly very different,
but required a functionally similar response. This indicated that the crows had some
understanding of the more general properties of traps.
One of the two published studies using the trap-tube problem with parrots was focussed on
keas (Nestor notablis), macaws (Ara choloptera) and a cockatoo (Cacatua sulphurea) (Liedtke et
al., 2011). It showed that they mainly failed the task and did not learn to avoid a trap (Liedtke et
al., 2011). However, in this task the individuals initially had to manipulate the reward with a rakelike tool from either end of a tube, and it was thought that they did not have the behavioural
inhibition to move to the other end of the tube to pull the reward in the other direction, but instead
they were likely to just pull the first stick end they encountered. Attempts were made to circumvent
the need for a stick, but the subjects repeatedly confounded the test and found alternative
solutions to obtain the reward. Thus it was likely that problems with the apparatus prevented these
parrots from solving the trap-tube. The other trap-problem given to two other species of parrots
(Diopsittaca nobilis & Pionites melanocephala) used a very novel table setup that required subjects
to pull different sized trays through different sized gaps (van Horik and Emery, 2016). Many
subjects in this study learned a rule to make correct choices in this task and one individual even
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transferred a successful method between tasks on a first attempt, suggesting some possible
functional understanding of the paradigm.
Nevertheless, confounding factors due to the apparatus used, known as task-constraints,
have been identified in the trap-problem, and multiple experiments have tried to address them
(Girndt et al., 2008; Martin-Ordas et al., 2008; A. M. Seed et al., 2009), hence resulting in a poor
comparability across species. For example the result with the New Caledonian crows (Taylor et al.
2009) suggested it is possible that the transparent tubes as a presentation style for the trapproblem introduce a confounding factor that masks some animals’ ability to pass the test. A similar
finding was shown with multiple species of apes that were more successful on a trap-table problem
than a trap-tube problem (Martin-Ordas et al., 2008). One of these other constraints was tool-use,
as was shown with Chimpanzees (Pan troglodytes); their success was considerably improved
when they were allowed to manipulate the movement of rewards with their finger (Seed et al.,
2009). The additional cognitive load related to using a tool might have caused subjects in many
trap-tube tasks to lose focus on the actual problem to be solved posed by the traps.
One of the aims of the present study is to optimise the trap-problem by removing all of the
potential task-constraints that have been discussed above, so that a two-trap apparatus is
available for more direct comparative studies. The equipment we have designed requires no tool
use, allows subjects to directly interact with the target object and is presented in a flat table format,
not a tube (Figures 1&2). Additionally, transparent material was avoided in the new apparatus,
given that transparency seems to be a specific issue for parrots (our study species) affecting their
motor-inhibition (Kabadayi et al, 2017).
An inherent problem with all the trap tasks is that they are two-choice. Because of this, low
effort heuristics, such as a side bias, are highly rewarding tactics that can lead to subjects
obtaining half of all potential rewards. One of the key factors in this tactic is that it is low-effort and
therefore getting half the rewards with a simple rule is, to some extent, efficient. If the amount of
effort required for every trial is greatly increased then the cost of making incorrect choices also
increases and therefore we hope that a side-bias becomes a notably less efficient tactic. For this
reason, we designed the apparatus so that rewards were purposefully time-consuming to remove,
thus hoping the parrots would be more averse to an incorrect choice if it took a lot of time to make.
Firstly, subjects were only able to interact with the rewards through small wire mesh; this meant
that they could only move the reward in small increments. Secondly, the apparatus was relatively
large, so subjects had to move the reward holder a long way in this slow manner.
There was another low effort heuristic identified specifically within the trap-tube literature. In
two experiments, it was noted that subjects would often simply pull rewards towards the first side
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of the apparatus they encountered (Girndt et al., 2008; Liedtke et al, 2011). Similar to a side bias,
this heuristic is likely to obtain half the rewards with minimal effort, so the modifications made to
reduce the side-bias should also reduce this problem. However, Liedkte et al (2011) and Taylor et
al (2009) noted that many of the subjects in their studies were very reluctant to move to the other
side of the apparatus once they were standing on one side of it. Thus at times the subjects may
have been knowingly pulling rewards into the functional trap and it is possible that moving to the
other side of the apparatus to make a correct choice was viewed as a greater effort than making
an incorrect choice and waiting for the next trial. The main modification we made to reduce this
behaviour was to present the two choices available side-by-side rather than on opposite ends of
the apparatus. Thus although the reward should take a long time to remove from the newly
designed apparatus, the cost of switching a decision within a trial is now majorly reduced.
Another modification to reduce either of the low effort heuristics identified above was the
introduction of an orientation randomisation of the apparatus. Subjects always started trials at the
back of the testing room, so placing the apparatus in different orientations when giving it to them
ensured they could not interact with the apparatus from the same direction in every trial. This kind
of behaviour is something that we believed could lead to habit formation, which in turn leads to
other types of low effort heuristics.
We tested this new apparatus using parrots as our study system because they have been
considered to possess comparable cognitive capacities to those observed in primates and corvids
(van Horik et al, 2012; Güntürkün & Bugnyar, 2016; Osvath et al. 2014), and also exhibit
comparably large and neuronally dense brains (Olkowicz et al, 2016). The present study attempts
to elucidate whether two species of macaw, Ara ambiguus (Great-green macaw) and Ara
glaucogularis (Blue-throated macaw), use functional understanding to solve a two-trap problem.
Both of these species have shown behaviours in the wild that require high levels of dexterity.
A.ambiguus have been sighted wrapping leaves around fruits with bitter skins to avoid the aversive
taste (Villegas-Retana & Araya, 2017), and A.glaucogularis transport large, and difficult to handle,
motacu palm seeds (Attalea princeps) relatively long distances in flight (Tella et al., 2015; BañosVillalba et al., 2017). Both of these behaviours are exemplary of the high levels of dexterity and
motor flexibility that these animals are capable of and thus allow greater exploration of their
physical world. This in turn also suggests there may be evolutionary pressure on these species to
have greater understanding of the properties of their physical environment. We therefore predict
that with the described optimisations to the trap-table apparatus, the two species of macaws in this
study will have greater success than other parrots have had on the trap-tube study and show
similar performance to other cognitively complex animals such as corvids and apes.
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3.3

Methods

Subjects and Housing
Nine A.ambiguus and nine A.glaucogularis were tested. The A.ambiguus consisted of six subadult females (age range 3-4 years), two adult females (age 6 & 11 years) and one sub-adult male
(age 3 years). The A.ambiguus came from two familial groups; six were full-siblings from one
group and the remaining three were full-siblings from the other. The A.glaucogularis consisted of
six sub-adult males (age range 3-4 years), two adult males (age 5 & 9 years) and a sub-adult
female (age 3 years). The A.glaucogularis came from three familial groups, one group of four full
siblings, one group of three full siblings and one group of two full siblings.
All birds were hand-raised and group reared in the Loro Parque zoo in Tenerife, and all
were housed in the comparative cognition research station, also in Loro Parque. The birds were
housed in groups in seven aviaries. Six of these aviaries were 1.8 x 3.4 x 3m (width x length x
height) and one was 2 x 3.4 x 3m. 1 x 1m windows could be opened between each aviary to
connect them together. The macaws could therefore be housed together according to species and
age, but from mixed families. The sub-adult birds shared two aviaries as groups of six and seven,
while the adult birds were housed in smaller groups of two to three in single aviaries. One side of
the aviary was open to the outside, so the birds followed a natural light schedule. Additional light
was provided by Arcadia Zoo Bars (Arcadia 54W freshwater Pro and Arcadia 54W D3 Reptile
Lamp) to ensure enough exposure to UV light.
Testing took place in rooms separate from the aviaries, but within the same building, which
all birds were previously habituated to enter. These rooms were 1.5 x 1.5 x 1.5m and also lit with
Arcadia Zoo Bars (Arcadia 39W Freshwater Pro & Arcadia 39W D3 Reptile Lamp) to cover the
birds’ full visual range. One wall had 50 x 25cm window cut out of it so that an experimenter could
place apparatus into the testing chamber from a neighbouring room. A second wall was made of
sound proofed one-way glass so that visitors to the zoo could observe experiments without
disturbing the parrots.
A large variety of fresh fruit and vegetables were provided twice a day, supplemented in the
evening with individual portions of Versele Laga Ara seed-mix that was modified based on birds’
daily weight. Testing took place at least three hours after the parrots’ breakfast to ensure there
was motivation to get rewards. Walnut pieces were used as rewards in testing as they were highly
valued by all birds and withheld from the normal diet.
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Apparatus
All of the trap-tables were built around white wooden boards measuring 60cm x 25 cm. The two
long sides and one of the short sides had raised edges (Figure 1). Wire mesh was attached on top
of the sides to cover the whole table completely; this created a 2.5cm gap between the table and
mesh (Figure 2). Only one short end of the table was open; hence, the underlying motivation
behind every test was for the subjects to move a trapped reward from the closed to the open end
and out of it. The tables were all raised 9cm by wooden blocks attached at both ends and in total
they were all 14cm high. The ‘D’ table (see Figure 1) was the only exception and was not raised,
so it was only 5cm high. Rewards were held inside an opaque metal token (hereafter ‘reward
holder’) to prevent direct access to the reward through the mesh.
The two-trap problem places modifiable traps in the way of the reward holders’ route out of
the apparatus. The apparatus in the current experiment had three of these trap problems to be
placed in the two positions: a flat block of white wood that is level with the rest of the table and thus
would support the reward holder passing over it, an unblocked hole that would cause the reward
holder to fall out of the bottom of the table and make the reward accessible to the birds and a
blocked hole painted black at the bottom (5cm deep) that would trap the reward holder and prevent
its removal by the subjects. All traps were 10cm wide and 10cm across. To ensure that only one
trap could be chosen in each trial, a 2cm wide, 21cm long block of wood of was placed in the
centre of the apparatus dividing the area between the two traps. This was placed with 1cm
overhanging the side of the trap nearest the reward holder with a further 10cm on the further side
(Figure 1 & 2). This ensured that the parrots could not accidentally move the reward holder
between the two choices after selecting one pathway.
Four different table layouts were created based on the four different layouts in Seed et al.
(2006). Table ‘A’ required subjects to avoid the blocked hole and push the reward holder over the
flat block to the open end. Table ‘B’ also required subjects to avoid the blocked hole, but instead
push the reward holder into an unblocked hole to get the reward underneath. Tables ‘C’ and ‘D’
required subjects to choose between the flat block surface and the unblocked hole, however in the
‘C’ table the open end of the table was now closed, so the unblocked hole was the correct
response. In the ‘D’ table the whole apparatus was lowered, so the flat surface was the correct
response. Figure 1 shows the specific layout of each different trap-table used. One further
‘barrier’ table was used for experiment one (Figure 4), which was based on Martin-Ordas et al.
(2012), in which a solid 2cm wide raised wooden barrier was placed under the mesh which blocked
half of the table. For all tables, the traps could be moved to both the left and right hand side to
ensure that birds did not use a side rule, or a rule based on an arbitrary mark on each specific
table. There were two specific differences between the apparatus for the two species; the holes in
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the mesh and the reward holder for the A.ambiguus were larger to accommodate for their larger
beaks. A schematic of all the tables used are shown in Figure 1 and Figure 4.
Previous testing experience
All birds, except one A.glaucogularis, Gargamel, had taken part in at least one trap-tube test
before. All of the procedures of these tests involved the birds interacting with a central piston type
device that could be moved within a tube in one of two completely opposing directions (see Figure
5). Subjects received a maximum of 150 trials with these apparatus and almost universally picked
at random throughout these procedures. One A. ambiguus, Luna, did reach a learning criterion on
a version of the ‘A’ design, but picked randomly when transferred to a version of the ‘B’ design. As
the majority of the subjects did not learn any successful method in these previous designs, it is
unlikely that they could transfer any relevant applicable experience to the current study. At most
they may have transferred some more general concepts about two choice testing procedures
regarding heuristics such as side-biases, but most importantly the subjects would never have seen
versions of the later ‘C’ and ‘D’ transfer tasks. The subjects had also separately completed a
version of the primate cognition test battery (Krasheninnikova et al., 2019) and had been trained to
exchange tokens for tests on economic decision-making (Krasheninnikova et al., 2018).
Habituation procedure
The habituation apparatus consisted of a table of identical size and shape to the testing tables,
however there were no barriers or traps present in the middle. Initially the birds were presented
with the upturned reward holder with a piece of walnut contained inside of it, so they could observe
that food could be found there and therefore gain a positive association with it. The table was
then introduced to the birds and they had to pick up the reward holder from the open end of the
table to reveal the reward hidden inside of it. The reward holder was then rebaited and relocated
slightly further down the table under the mesh. The birds had to now slightly move the reward
holder towards the open end before they could flip it and obtain the reward. This process was
repeated except the experimenter pushed the reward holder further and further from the open end
between each trial until the birds could move the reward holder all the way out of the trap-table
from the closed end; the end furthest from the opening. They were then required to move the
reward holder from the blocked end of the table to the open end six times in a single session.
During testing, the apparatus was presented to the birds in one of four 90-degree alignments, so
prior to testing they were given another session where the habituation table was presented to them
six times in each of the four directions to ensure they could remove the reward holder regardless of
which way the apparatus was facing. When they could remove the reward holder in any direction
that the table was placed in, they moved onto testing. All the birds completed habituation within a
range of six to nine testing sessions, except one Ara ambiguus (Alba) who took sixteen sessions.
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When the subjects obtained the reward holder, the experimenter additionally requested
they return it to them by offering them a flat, open palm to place it in. They were given a single
sunflower seed (a much smaller, but still desirable reward) after it was dropped into the hand; this
was a previously learned behaviour so required no training. This exchange did not interrupt the
rewarding schedule for the test as subjects could only obtain the reward holder if they chose
correctly.
Experiment one
The aim of the first experiment was to observe if subjects could spontaneously choose the correct
pathway to retrieve a reward. They had 20 trials to interact with each of the tables ‘A’, ‘B’ and
‘Barrier’ in ten daily sessions of six trials each (60 trials in total). After a choice was made, the
experimenter waited 30 seconds and then removed the equipment. There was a one-minute intertrial interval. Subjects had a maximum of ten minutes per trial and if no choice was made in this
time, the session was ended and completed the following day. Two trials of each table,
counterbalanced for side, were provided in each session in a random order. Tables were also
randomly placed in front of the birds in one of four orientations (with a maximum of three times in
the same orientation per session). Each of the ten sessions were therefore unique in presentation
to the birds. If subjects had significantly made correct choices on any of the tables in this period
(15/20, two-sided binomial test p=.04), then a further transfer procedure using tables ‘C’, ‘D’ and
another barrier trap based on van Horik et al. (2016) would have been presented to that bird.
However, no bird made significantly accurate choices in this period, thus all birds continued directly
to experiment two instead.
Experiment two
The second experiment required subjects to first learn how to choose the correct path on either
table ‘A’ or ‘B’. They were divided into two groups, five birds starting on table ‘A’ and four on table
‘B’ for each species. Once again, subjects were tested daily in six trial sessions. Traps were
placed on both the left and right side three times every session in a random order, and in each trial
the tables were also presented randomly in one of four directions to the birds. They were
considered to have learned the correct choice when they picked it fifteen times in three
consecutive sessions (15/18, two-sided binomial test p=.008). If birds gained a side bias (two
consecutive sessions picking only one side) then they received a correction procedure. For this
procedure the functional trap was placed only on the biased side until they successfully picked the
other side three times in a row, the trap was then moved to the other side and then the subjects
had to pick the other side again one time, at which point they moved back to the normal testing
protocol. Subjects were given at least 60 trials to learn their initial task, but would continue past
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this trial number if it was possible for them to reach the success criteria in the following session. At
this stage the subjects entered a ‘sudden death’ procedure so that any session with less than 4/6
correct choices would halt the experiment.
If the birds reached the success criterion in the learning phase then they began a series of
three transfer tasks, first receiving table ‘A’ or ‘B’ (whichever they did not learn on) and then tables
‘C’ and ‘D’. For these transfer tasks they only received eighteen trials, thus the opportunity to
associatively learn how to do the new tasks was greatly reduced. Subjects were counterbalanced
as to whether they received table ‘C’ or ‘D’ first.
A year later, a subset of five of the A.ambiguus that had proceeded to the ‘C’ and ‘D’ tables
repeated these transfer tasks. Each individual’s baiting procedure and order of testing was
repeated so that they underwent the exact same procedure they had completed a year before.
Data Analysis
The number of times the birds changed their choice in each trial was coded from videos after the
experiment had been completed. A change of choice was defined as a bird bringing the reward
holder more than three-quarters of the way on one side towards one trap and then moving it
across the width of trap-table to the other available trap choice. For the reward holder to be
considered on one side, it had to be entirely positioned to either side of the central barrier, thus a
choice was not considered changed unless the reward holder was unambiguously moved from one
trap to the other. The number of trials in which the choice was changed was counted, regardless if
this choice was a correction from a wrong choice or a change to the incorrect choice.
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3.4

Results

Experiment one
None of the 18 subjects of either species were able to spontaneously make a significantly correct
choice in any of the three tables (Figure 3). The highest score achieved by an individual was
14/20 correct responses on a specific table, and the lowest achieved was 6/20 correct responses,
one short of a positive or negative significant choice criteria, respectively.
Experiment two
Three A.glaucogularis and seven A.ambiguus reached the significant correct choice criteria (15/18
correct choices, two-sided binomial test, p=.008) in their original learning table (Table 2).
Considerable side biases were observed during this learning stage. The lines in the learning
schedule in Table 2 indicate the points at which subjects switched to a side bias correction protocol
and the number of trials these biases took to undo are highlighted in Table 4. More subjects
learned how to do the ‘A’ table (seven) than the ‘B’ table (three), and additionally birds that learned
how to do the ‘B’ table appeared to have greater success on transfer to the ‘A’ table than the other
way round. All three birds that learned the ‘B’ table made significant correct choices on their three
sessions with the ‘A’ table, but only one bird out of seven made significant correct choices on the
‘B’ table after learning the ‘A’ table (Table 2). There appear to have been differences in what the
birds learned depending on which table they learned with. One A.glaucogularis, Mowgli,
completed all transfer tasks, despite not reaching learning criterion on his initial table. This is
addressed in the discussion, but his results in the transfers are not included in the following
paragraph.
On further transfer to the ‘C’ and ‘D’ tables, only one bird, an A.glaucogularis called Paco,
made significant correct choices on the ‘C’ table (14/18, two-sided binomial test, p=.03), and none
of the birds made significant correct choices on the ‘D’ table (Table 3). Paco in fact made
significantly incorrect choices on the ‘D’ table (4/18, two-sided binomial test, p=.03), the only bird to
do so. One A.ambiguus, Madame, also made significantly incorrect choices on the ‘C’ table (3/18,
two-sided binomial test, p=.008).
It was possible for the birds to make a second choice on the ‘C’ table by moving the reward
holder over the supporting trap, round the edge of the table next to the closed end and back into
the open trap. This happened nine times in total: twice by Hagrid, Madame, and Baloo and once
by Mowgli, Lady, and Hazel. However, only the first choice was recorded, but if the second choice
had been recorded instead, this would have made Madame’s significantly incorrect choices on the
‘C’ table non-significant.
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All five A.ambiguus that took part in repeating the ‘C’ and ‘D’ transfer tests a year later
could recall how to use the apparatus without any further habituation. Almost all birds chose at
chance level on both tables, but one subject, Acorn, did make significantly correct choices on the
‘D’ table (14/18, two-sided binomial test, p=.03), however she then chose randomly on the ’C’
table.
Choice switching
In total, on all the learning trials in experiment two, the birds switched choices within a trial in 10%
of the total trials. Birds that failed to learn how to use the apparatus only switched choices on
average of 5% of trials, whereas successful birds switched choices on average of 15% of trials.
When only looking at the final three sessions of successful birds in the learning stage (the sessions
in which they reached a correct criterion), choice switching occurred in around 24% of trials. In the
first transfer test, choice switching was maintained at an average of 23% of trials, but in the final
two transfer tests choice switching fell to only 7% of trials.
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3.5

Discussion

These experiments show that many subjects of the macaw species Ara ambiguus and Ara
glaucogularis were able to learn a successful method to retrieve a reward from a two-trap table
task. Experiment one showed that none of these birds could spontaneously select a correct path
on three initial two-trap problems but in experiment two, seven A.ambiguus and three
A.glaucogularis were able to learn a solution with one of two initial two-trap problems.
Furthermore, one A.glaucogularis and three A.ambiguus are likely to have learned a more
generally applicable rule, as they were able to transfer the successful method they had learned to
a novel two-trap problem.
Nevertheless, the critical issue is that not a single macaw was able to transfer a successful
method to all three transfer tasks (in particular the transfer tasks C & D in this study). Only if an
animal had succeeded in all available transfer tasks, which was not the case in the present study,
would it have been possible to suggest that they had formed an understanding of the physical
forces acting on the trap-problem. None of our parrots made generalisations about the interactions
between the reward holder and the properties of the traps in this experiment, but instead each
used a learned heuristic. To date, only one rook (Seed et al., 2006), one chimpanzee (Seed et al.,
2009) and human children (Seed and Call, 2014) have potentially shown this more advanced
capability in the two-trap task (Table 1). To what extent is it therefore possible to state that these
macaws have less advanced physical cognitive capacities than those species that did better?
It could be that the rook, chimpanzee and human children used different cognitive
processes to the parrots when solving a two choice task. The parrots may be more inclined to
learn an associative rule and the others may have a greater inclination to make decisions based on
an understanding of the underlying physics of the problem Corvids and apes use various methods
of extractive foraging that are different to those known of parrots. Examples include ant-dipping in
chimpanzees, where caution is required to avoid painful bites rather than using reckless force to
open the nest (Humle & Matsuzawa, 2002). Multiple corvid species, including rooks, have been
observed dropping shellfish onto hard surfaces from a great height to smash them open (Madge,
2018). Macaws, on the other hand, use extractive foraging methods that only require force, such
as opening tough seeds (Collar et al, 2018). Their powerful beaks mean they have an in-built
solution to most of their foraging problems, whereas the corvids and apes foraging problems, like
in the two above examples, sometimes require more “brain” than “force”. These differences in the
foraging problems encountered by parrots, primates and corvids, coupled with the inherent
morphological differences, may encourage corvids and apes to take greater consideration of how
an extraction method may work when obtaining food compared to macaws.
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Another factor that may have confounded the parrots’ performance compared to primates
and corvids is that the macaws in this study may not have seen the traps very well when they were
interacting with the reward holder. As other parrots have been shown to have a blind spot at the
base of their beak (Demery et al., 2011) it is possible that the macaws could not easily see which
trap they were pulling the reward holder towards. Corvids and apes do not face this same problem,
thus it may be easier for them to move objects in a controlled manner. It is interesting to note that
the four A. glaucogularis that had more success in the task (Paco, Baloo, Lady and Mowgli) all
pushed the reward holder in front of their beaks with their tongues, whereas others pulled the
reward holder towards them with their beaks. It is possible that pushing the reward holder in front
of their heads put it out of their blind-spot and thus gave instant visual feedback to the birds of
where they were pushing the reward holder, which made their task easier. However this was not
observed in the A. ambiguus, who all pulled the reward holder but had greater success, so it was
not the only factor important for success.
An understanding of the physical properties of the trap task is not the only way an animal
can be successful. Because the trap-problem is a two choice task, there are still some basic rules
that would lead to success in all transfer tasks. For example, if a subject can discriminate between
the two available choices, then after trialling one of them they can either repeat that choice or shift
to making the other choice in all following trials based on the initial outcome. This win-stay/loseshift rule requires no functional understanding of the traps’ properties but would lead to a very high
success rate and could be an explanation for why some individuals have been successful in this
task. However, the trap-problem administered on human children showed that if the mechanical
properties of the traps were covered up and replaced with arbitrary two-dimensional cues, they
were more likely to fail the task (Seed & Call, 2014). This suggests that children did not use a
simple, flexible rule based only on arbitrary properties (such as win-stay/lose-shift) and therefore
success in the typical two trap problem still has the potential to indicate a subjects understanding
of the physical properties of the task.
There was some further evidence that demonstrated the parrots’ solutions are unlikely to
have been related to an understanding of the physical properties of the task and these come from
some of the types of errors they made. A very common error in the learning stage was for the birds
to search underneath the apparatus when they pushed the reward into the blocked (incorrect) trap.
They appeared to not appreciate that if the reward had fallen into the blocked trap, where it was
still visible from their point of view of the apparatus, it could not also be beneath it. A similar error
commonly occurred for the birds that transferred to the ‘D’ table. On this form of the apparatus, it
was lowered so that the bottom of it was in close contact with the table in the experimental room.
When the birds pushed the reward holder into the functional trap, they again moved their head as if
trying to search beneath the trap-table for it, even though it should have been clear that there was
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no space between the bottom of the trap-table and the table surface supporting it. Both of these
errors point to a lack of understanding on how a solid flat surface will support another solid object,
in this case the reward holder or the trap-table itself. This is an analogous form of physical
understanding that one would need to recognise the causal effects of all the different choices in the
two-trap problem.
One factor that may have exacerbated the failure of these macaws in this task is that they
were mostly sub-adults. The majority were only three years old and as they do not reach full adult
maturity until about four to five years old, they could be lacking development in some cognitive
areas. However, neither of the two fully mature birds from each species (greater than five years
old: Gargamel, Captain, Shouty and Hazel) did particularly better in the task than the younger
birds. This suggests that age was not a singularly critical factor in this study.
In spite of these apparent failures which would suggest these macaws do not have an
advanced causal understanding of how the trap-problem works, they still performed vastly better
than a group of kea on a trap-tube task (Liedtke et al., 2011). This is an interesting result given
that keas are thought to have exceptional levels of physical cognition compared to other parrots
(Huber & Gajdon, 2006) and have excelled in experiments such as a support task that shares
many comparable functional properties to the trap-problem (Auersperg et al., 2009). The two most
pertinent questions are therefore: how did the macaws achieve any success in any of the tasks
and why did the kea apparently fail so badly?
The most reasonable explanation for these differences is that the design of the trap-table in
the current study gave more appropriate affordances for the parrots, which was one of the aims of
the present study. In the Liedtke et al. (2011) study it was noted how infrequently the keas
changed their decision between the two-choices available in the trap-tube once they had started to
make one decision. In the current study, the macaws very frequently moved the reward holder
between the two possible choices (see video on Figshare (O’Neill, 2019)). This was probably
influenced by the fact that both choices were directly next to each other rather than in opposite
directions, such as in the trap-tube in the Liedtke et al. (2011) study and the majority of other twotrap studies (see the overview of published studies in Table 1). With the choices closer to each
other, there is less behavioural inhibition required on the subjects’ behalf if they want to switch
decisions simply because they have to make less effort to switch. The coding of the choice
switching behaviour showed that birds that had successfully learnt their initial table were switching
their choices more than those that did not learn how to use any table. The successful birds
switched choices on an average of 15% of their trials, whereas the unsuccessful birds only
switched on an average of 5% of trials.

87

The other important design factor that is likely to have had an effect on the performance is
the amount of effort required for the parrots to make a choice in the current task. As the whole
apparatus was large, and the reward-holder could only be moved in small increments through wiremesh, it took many movements to get the reward holder to the desired area. This introduced an
additional effortful cost in every trial that should have meant greater aversion to making incorrect
choices, however it is not clear to what extent this additional effort was viewed as truly ‘costly’ to
the birds. Additionally, because a choice could not be made with one movement, issues with
motor-self regulation were removed from the task as even if subjects did not inhibit pulling towards
the first side they interacted with, they still had to continue making many more movements before a
choice was made.
Nevertheless, even with the increased effort required to make every single choice,
remarkably, some of the birds made very persistent incorrect choices. On the ‘C’ and ‘D’ transfers,
some birds had sessions where they gave zero correct answers (Table 3). One A.ambiguus,
Madame, and one A.glaucogularis, Paco, even picked significantly incorrect responses across
three sessions on the ‘C’ and ‘D’ transfers respectively. Once they had learned a rule that worked
well with one form of the trap-table, they persistently tried to apply it to others. Multiple
experiments on problem-solving behaviour have previously found that persistence is often one of
the most important factors that lead to a subject having success (Chow et al., 2016; Thornton and
Samson, 2012; van Horik and Madden, 2016). It could be that persistence is an evolutionary
important behavioural trait for wild macaws and it encourages their chances of getting to difficult to
access food. Specifically, these macaws require persistent force and effort to open many types of
seeds that constitute crucial food sources within their environment (Collar et al, 2018a; Collar et al,
2018b). Therefore the failures in the transfer tasks, which were potentially related to persistence,
may have been a reflection of a different but important species-specific trait that masked their
physical cognition skills. It would be interesting to more specifically study the levels of persistence
in these macaws compared to other animals.
The most likely way that the birds learned how to get food from the two-trap problems
presented in this study was through use of a number of learned heuristics. We have confidence
that the two different initial trap-problems (‘A’ and ‘B’) prescribed to the birds encouraged them to
learn different rules in order to retrieve the reward successfully. Learning ‘A’ led to the birds
acquiring a rule such as ‘avoid holes’ or ‘use a continuous surface’. Learning ‘B’ led to the birds
acquiring a rule such as ‘avoid black holes’ or ‘go towards white’. Subsequently, the ‘avoid holes’
or ‘use a continuous surface’ rule learnt from table ‘A’ led to great confusion when transferred to
table ‘B’, as both choices were holes and neither was a continuous surface. An extreme example
of this can be seen in a video (video on figshare, O’Neill, 2019) of one A.glaucogularis, Baloo. On
the other hand, the ‘avoid black hole’ or ‘go towards white’ rule from learning table ‘B’ transferred
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very well to table ‘A’ and these three birds had immediate success in this direction of transfer. By
learning table ‘B’ they were forced to attend to some differential property of the two holes, the most
basic property being their different colours. This is a similar rule that many of the rooks in the
original two-trap paradigm were hypothesised to have learned (Seed et al., 2006). In the two
further transfer tasks, ‘C’ and ‘D’, both choices are white and the two A.ambiguus that succeeded
in learning table ‘B’ and transferring to table ‘A’ began to pick randomly on tables ‘C’ and ‘D’. The
fact that the choice switching behaviour reduced to an average of only 5% of trials on the ‘C’ and
‘D’ transfers suggests that the birds no longer perceived either of the choices as incorrect, and no
longer tried to avoid one choice in particular. This factor is particularly relevant when compared to
the high level of choice switching, an average of 24%, on the three final learning sessions and the
first transfer task of experiment two.
Two birds differed from the above rule learning hypotheses. Acorn, a female A.ambiguus,
is likely to have learned to ‘avoid the black hole’ or ‘go towards white’ from the ‘A’ table as she was
the only bird to successfully transfer an effective method from the ‘A’ table to the ‘B’ table. As she
still picked randomly on both ‘C’ and ‘D’ tables, the ‘avoid black hole’ or ‘go towards white’ rules
are still the most parsimonious. Paco, a male A.glaucogularis, transferred a significantly successful
method to table ‘C’, where the ‘avoid black hole’ rule no longer had any function, but interestingly
made significantly incorrect choices on the ‘D’ table (Table 3). This pattern suggests that Paco
had learned a slightly more advanced rule of ‘avoid the black hole but go to white hole’. This rule
leads to success in all except the ‘D’ table. He may have done better than others because he had
a longer learning experience due to having a very long side-bias correction procedure. This meant
he had the most learning trials out of any successful bird, which may have led to his more detailed
rule learning.
One reason the ‘C’ table in particular may have been more difficult for the birds to learn in
the current study is that the apparatus allowed for a second choice if the birds were quick enough.
Some birds were occasionally observed pushing the reward holder over the functional ‘pass-over’
trap, but then continuing to push the reward holder all the way round the edge of the table and into
the non-functional ‘fall through’ trap. This meant the birds did not necessarily learn a completely
negative association to the functional ‘pass-over’ trap, as it did not always prevent them from
obtaining the reward.
The parrots simultaneously needed a learned rule to consistently obtain a reward but were
also too persistent with using their learned rules on the transfer tasks. An interesting supplemental
piece of evidence comes from an A.glaucogularis called Mowgli. He did not reach a significant
learning criterion on the initial trap-table he was given, but he was nevertheless given all the other
transfer tasks. His performance improved across the three sessions of each transfer task, and he
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achieved perfect sessions in the first two transfers he received, the ‘B’ and ‘D’ tables, which were
not very common. It is likely that because he was not forced to reach a learning criterion he also
did not learn an ingrained arbitrary rule, which may have encouraged him to behave in a more
flexible manner in the transfer tasks. Although the purpose for experiment one was to evaluate
exactly this kind of behaviour, it was perhaps too much to expect that the parrots would find a
solution without at least some experience. Human children are only able to spontaneously solve
the trap problem reliably from three and a half years of age (Seed & Call, 2014).
For this reason, we hypothesised that if the parrots were tested again after a long break
they would be similarly more flexible in their behaviour and their original learned rules would not be
so entrenched. We therefore re-tested a small subset of the A.ambiguus on the ‘C’ and ‘D’ traptables a year after the initial results were collected. Although one subject, Acorn, reached a
significantly correct choice criterion on the ‘D’ table, she then failed on the ‘C’ table. Additionally
the other four birds chose at random with both tables (Table 3). This lengthy break did not appear
to change the way the A.ambiguus interacted with the trap-problem.
Another likely reason why chimpanzees had more success in the ‘C’ and ‘D’ transfer tasks
is because they had a slightly different training protocol. The chimpanzees were allowed to learn
both ‘A’ and ‘B’ tasks until they reached a learning criterion (Seed et al., 2009) as seven out of the
eight chimpanzees in that task failed to transfer a successful method between the ‘A’ and ‘B’ tasks.
For this reason, they were given additional training and this could explain some of the further
success in the ‘C’ and ‘D’ tasks, as they had more experience on how each of the traps functioned.
If we had allowed the birds that failed their first transfer task to continue to learn a new successful
method on this apparatus they may have also learned the more general concept that there is more
than one successful method. With this experience, the macaws may have been more flexible in
their behaviour and they would have been more prepared for the ‘C’ and ‘D’ transfer tasks. We
would suggest following this additional learning procedure in future experiments with the two-trap
problem.
The evidence presented demonstrates that the aspects of physical cognition related to the
support and movement of an object on a flat surface are challenging for macaws and they do not
have an inclination to discover the functional causal properties that are central to the trap-problem.
Instead, when presented with the two-choice task, they are more inclined to seek an arbitrary rule
as a solution and then persist with it. The other important result from this study is that many
parrots were at least able to learn how to solve one form of it, which is something that was a
problem for other parrots (Liedtke et al., 2011). The increased effort required to interact with this
apparatus, coupled with the reduced necessity for behavioural inhibition to switch between
choices, has removed the task-constraints that may have previously stopped other animals from
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even learning a basic setup of this task. One of the issues with the trap-problem is that it has to be
modified to allow different species to interact with it, which then reduces its direct comparability as
the differences in apparatus could be the reason for the differences in performance between the
species. The format of the two-trap problem we present has potential for greater direct
comparison to discover the factors involved in the evolution of physical causal cognition.
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Figure 1. The four tables used in experiment two, tables ‘A’ and ‘B’ were also used in experiment one.
They are modelled on the two-trap tubes originally used in Seed et al. (2006). Not shown on these
schematics is a wire mesh covering that prevented the birds from direct access to the reward holder (shown
in blue) that only allowed the subjects to move the reward holder in small increments. The general aim was
for the birds to move the reward holder towards an opening so that a nut reward could be obtained. The
blue arrow shows the correct route on each table.
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Figure 2. Photograph of an A.ambiguus interacting with the ‘A’ trap-table. Although the A.glaucogularis are
slightly smaller, they used the same trap-table but with a smaller size of mesh and reward holder. The
blocked end of the table is shown on the left, coloured black, and the open end is shown on the right of the
photo.
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Figure 3. The number of trials in which the birds made correct choices on each table in experiment one.
None of the birds made a significant choice on any of the trap-tables at this stage. Significant positive
choices would require the birds to make a correct selection 15 times out of 20, as shown by the dotted line
on the graph. All 18 individuals are shown on the plot, with nine birds of each species. Horizontal jitter was
added to show where multiple individuals recorded the same score.
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Table 1. The results of all the published experiments that have used the two-trap paradigm as
initially described in Seed et al. (2006). Column ‘n’ shows number of subjects, column ‘learn’
shows the number of those subjects that learned how to successfully get a reward from the initial
table they were given. The final four columns show how many of those subjects reached a
significant successful choice criterion only on transfer to the specified tables. The learning criterion
on Tebbich et al. (2007) is in brackets as a one-trap apparatus was used. The results of the ‘A’
and ‘B’ transfers in Seed et al. (2009) were calculated from the first 20 trials of the raw data shown
in the text. Only the results of Seed & Call (2014) from the transparent form of the paradigm are
reported.
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Table 2. The results of all of the birds from the table they were presented first and their first transfer task. The upper half shows the A.glaucogularis
and the lower shows the A.ambiguus, and each species is subdivided by which table they learned. All scores are out of a maximum of 6 correct
answers. The first section shows the number of correct responses in experimental sessions on the initial table presented. The second section shows
the total number of trials the birds were given with their initial table, including side bias correction trials (and it should be noted that subjects had an
initial 20 trials with their apparatus already in experiment one). The third section shows the results of the first transfer task and the final section shows
the results of a single session transferred back to the original table to see if they could still recall it. Significantly correct results are highlighted in bold
and italics. Vertical lines in the learning procedure show that the bird gained a side bias and the number of trials these took to undo are shown in
table 4.
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Table 3. Showing the results of all birds that continued to the second and third transfer tasks. The
upper half shows the A.glaucogularis, and the lower the A.ambiguus. The order in which birds
received the tables was counterbalanced, and this is shown in the column next the subjects. The
first two columns of results show the results immediately after completing the first two tables, the
last two columns show those birds that repeated the procedure again a year later. Significant
results are highlighted in bold and italics.
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Figure 4. The barrier trap-table that was also used in experiment one. It should be noted that the location
of the barrier is further down the table than the traps on the other tables. This difference may have explained
why this supposedly easier control task, was not actually easier. For experiment two, it was no longer used.
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Figure 5. The other three trap-tables that the birds had tested on prior to the current test. All of the
examples show the ‘A’ setup with the correct answer on the left hand side. The A.ambiguus had tested on
the two examples shown on the left and the A.glaucogularis had tested on the one shown on the right.
Almost none of the birds reached a significant choice criterion in testing with these, apart from one
A.ambiguus.
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Table 4. The number of trials it took to undo the side biases of the birds that gained them. The
time in which the side biases occurred can be found in Table 2.
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4.1

Abstract

Causal understanding in animal cognition can be divided into two broad categories (Woodward,
2011): learned associations between cause and effect (Le Pelley et al., 2017) and
understanding based on underlying mechanisms (Johnson and Ahn, 2017). One experiment
that gives insight to animals’ use of causal mechanisms is the stone-dropping task. In this,
subjects are given an opportunity to push a platform to make it collapse and are then required to
innovate dropping a stone tool to recreate the platform collapsing (von Bayern et al., 2009). We
describe how 8/9 subjects of two species of macaw (n=18; Ara ambiguus (n=9) & Ara
glaucogularis (n=9)) were able to innovate the solution in this task. Many of the subjects were
able to innovate the behaviour through exploratory object combination, but it is also possible
that a mechanistic understanding of the necessity for contact with the platform influenced some
subjects’ behaviour. All the successful subjects were able to recreate their novel stonedropping behaviour in the first or second trial after innovation (and all trials thereafter) and they
were also able to do the behaviour increasingly faster. This suggests they also rely on learned
associations of cause and effect. However, in a transfer task in which subjects had to guide a
stick tool to make it touch a differently positioned platform, all but one of the subjects failed.
This would suggest that the majority of the subjects were not using an understanding of platform
contact to solve the task, although the subjects’ difficulty with using stick tools may have also
affected their performance in this transfer.
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4.2

Introduction

Cognition is the process by which an animal mediates between incoming senses and outgoing
behaviour. Causal cognition is specifically the individual’s understanding of the cause and
effect relationships they observe in their environment. Some have suggested that causal
reasoning skills are a key tenet of complex cognition (Emery and Clayton, 2004) and thus are
likely to be present in multiple species that have evolutionary pressures for ‘intelligent’
behaviour (van Horik et al., 2012). It could be that it is one of the cognitively complex processes
that make some species more behaviourally flexible, innovative and thus successful at rapidly
adapting to new environments (Lefebvre et al., 1997; Sol et al., 2005; Sol et al., 2007, 2002).
By studying how different species mentally represent causal relationships we can learn more
about the evolution of causal understanding and its role in the evolution of complex cognition.
Causal relationships are probably grasped through more than one cognitive process. As
an example, think of a crow that opens a snail shell by dropping it onto a concrete path running
through its territory. Does the crow only recognize the spatial connection between the
successful opening of shells and the concrete area or do they specifically recognize that the
concreted area is made of a harder material, and that hard materials break things more easily.
Within this example is the description of two forms of causal understanding. The former form of
understanding is an associatively learnt account of a causal link between events that are
spatially or temporally connected (Hanus, 2016; Le Pelley et al., 2017) and has been referred to
as ‘difference making’ understanding (Woodward, 2011). The latter form of understanding
specifies the underlying causal mechanism, for example the physical forces that link a cause to
its effect (Johnson and Ahn, 2017) and has been referred to as ‘geometrical-mechanical’
understanding (Woodward, 2011). Studies investigating a species’ causal cognition do not
always explicitly define causal understanding between these two types. However, they are
often recognized and given different names. For example, geometric-causal understanding has
been referred to as ‘folk-physics’ (Povinelli, 2000) and difference-making understanding is
regularly dismissed as being causal understanding due to its associatively-learnt property (for
example Taylor et al., 2009). Although difference-making understanding requires learning, a
learned causal link is still a form of causal cognition (Hanus, 2016; Le Pelley et al., 2017).
Studies on different parrot species suggest they are capable of many types of complex
and flexible physical problem solving skills (Lambert et al., 2018). They also one of the groups
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of animals that have both relatively large, neuronally dense brains (Gutiérrez-Ibáñez et al.,
2018; Herculano-Houzel, 2017; Iwaniuk et al., 2005; Olkowicz et al., 2016) and known
environmental stochasticity (Toft and Wright, 2016) that suggest they may use complex causal
cognition processes in their daily life (Osvath et al., 2014; van Horik et al., 2012). A notable
example of their technical competence is their ability to use tools in captivity. In the wild, there
are just a few examples of parrots using tools (Goodman et al., 2018; Heinsohn et al., 2017;
Osuna-Mascaró and Auersperg, 2018; Villegas-Retana and Araya-H., 2017; Wood, 1984), but
in captivity two species, kea (Nestor notabalis) and Goffin’s cockatoos (Cacatua goffiniana),
have been shown to innovate stick tool use in problem-solving situations (Auersperg et al.,
2011; Auersperg et al., 2012). The tool use innovation reported from Goffin’s cockatoos was
particularly remarkable as one individual even innovated the manufacture of a tool. This kind of
flexible tool-use from a non-habitually tool using animal suggests the species exhibits elements
of complex physical understanding of object properties (Bird and Emery, 2009; Kacelnik, 2009).
It is thus important to test the causal understanding and cognitive abilities of more parrot
species on physical causal understanding tasks to learn about its role in all of parrots’ cognitive
evolution.
The species tested here belong to the genus Ara (the macaws) in the parrot superfamily
Psittacoidea. They are relatively distantly related to the Kea (superfamily Strigopoidea) and the
Goffin’s cockatoos (superfamily Cacatuoidea) with a last common ancestor approximately 55
mya (Kumar et al., 2017; Wright et al., 2008; Jarvis et al., 2014). We tested two species of
macaws: Ara glaucogularis and Ara ambiguus. These macaws had previously completed a
range of causal understanding tasks as part of a larger cognitive test battery (Krasheninnikova
et al., 2019) and also completed a modified trap-tube task (O’Neill et al., 2018). Both of these
experiments were object choice tasks with two or three options to choose from and it turned out
the subjects developed some rules of thumb (heuristics), such as side biases or random choice,
that allowed subjects to attain a satisfactory amount of rewards without any ‘cognitive effort’. To
avoid this, we decided to design an experiment that did not include choice elements but instead
presented the subjects with a novel problem-solving task.
We gave the subjects the stone-dropping task (Bird and Emery, 2009; von Bayern et al.,
2009). In this task, a subject was first able to push a collapsible platform with their beak to
release a food reward. The platform was then placed out of reach to see if the subject could
recreate the effect of the platform pushing behaviour by innovating a novel causal input:
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dropping a stone onto it. Two out of four New Caledonian Crows (Corvus moneduloides) were
able to recreate this force by dropping a stone tool onto the platform (von Bayern et al., 2009).
It is not clear exactly what kind of understanding these crows used to solve the task. They may
have understood that they were required to make contact with the platform and had recognised
that dropping a stone was an alternative form of contact. The understanding that contact was
the key factor would suggest that the crows had an understanding based on the mechanism
underlying the function of the apparatus. However, it appears unlikely that they understood
more complex mechanical properties of the task such as the importance of the stone’s weight,
as other New Caledonian crows did not initially discriminate between dropping heavy and light
stones in a follow up task of a replication (Neilands et al., 2016). However in this replication,
only a single New Caledonian crow of twelve was able to innovate the stone-dropping
behaviour. It was interesting to note that these subjects were able to learn that only heavy
stones were functional in making the platform collapse (Neilands et al., 2016).
It seems unlikely that the birds’ initial stone-dropping actions were down to a learned,
difference-making, causal understanding, as they had never observed the effects of a stone
being dropped onto the platform before. However, many subjects began to drop more stones
into the apparatus after the platform had collapsed, suggesting that they had also formed a
difference-making understanding that the dropping of stones led to the appearance of the
reward (Neilands et al., 2016). It was unlikely that the behaviour was driven by spontaneous
exploration as the birds were given extensive opportunity to explore the apparatus in the
presence of stones, before they were given the opportunity to push the platform with their beak,
and they never dropped a stone in at this point (von Bayern et al., 2009).
The rationale of the current experiment was thus as follows. Subjects are given an
opportunity to solve the task without any experience of how the platform in the apparatus can
move. This phase is called the pre-test. If subjects are able to solve the experiment at this
stage then it suggests they are capable of solving the task through exploratory behaviour alone.
This is because they cannot be using a causal understanding of how an apparatus works if they
have never had experience of any of its functional properties before.
They were then given an opportunity to experience the collapsibility of the platform and
resulting release of food by being allowed to collapse it themselves directly by pushing it. This
platform pushing experience gives the subjects knowledge of the functional mechanism
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underlying the required action of the task, but not the direct actions they need to take to solve
the task by dropping stones. Following this, another test phase is given (critical test phase),
which is identical to the pre-test phase except it was now possible to see if and how experience
of the functional mechanisms had changed their behaviour. If they immediately began to drop
rocks on the platform at this stage, it suggested the subjects had developed an understanding of
the causal mechanism of the platform, i.e. that it can be collapsed by exerting force or making
contact with it, and were trying to activate this mechanism in another way.
After this, it is vital to then see if subjects continue to persist with the stone-dropping
behaviour. This is to ensure that they have not done it accidentally. It is also possible to then
see the extent to which the subjects recognised the effects of their own behaviour from the first
stone drop onwards. If they begin to drop stones with a reduced latency after the first
successful stone drop, it suggests an egocentric understanding of the effects they have caused
on the apparatus. Thus they can learn quickly to repeat the successful behaviour.
If the subjects were successful in dropping stones onto the platform, we also planned a
transfer task to specifically observe whether they recognised the importance of contact between
an object and the platform to make it collapse. This transfer task involved partially moving the
platform from directly underneath the tube into which they could drop stones in, this meant
objects dropped into the tube would not automatically make contact with the platform. Instead
subjects would have to use a stick tool inserted at an angle to make contact with the platform.
Thus subjects that only had a learned causal understanding that objects dropped into the
apparatus made rewards appear would struggle to complete this transfer task. Success in this
transfer task would add more confirmatory evidence that subjects recognised the mechanism
that made the apparatus function.

We expected that at least some individuals of the two macaw species tested would be
able to drop stones. They have shown previous success in another test for causal
understanding (O’Neill et al., 2018) and they are known to be highly exploratory and keen at
handling objects, so were likely to interact with the stones given to them. We were unsure if the
macaws would do this immediately after the experience phase given to them, as they have not
previously shown mechanistic causal understanding in previous experiments.
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4.3

Methods

Subjects and housing
Nine A.ambiguus and nine A.glaucogularis were tested. Their age and sex are shown in Table
1. All the birds were hand-raised and group reared by the Loro Parque Foundation in Tenerife,
Spain, and all were housed in the Comparative Cognition Research Station, within the Loro
Parque zoo in Puerto de la Cruz, Tenerife. The birds were housed in groups of 2-8 individuals,
according to species and age, in seven aviaries. Six of these aviaries were 1.8 x 6 x 3 metres
(width x length x height) and one was 2 x 6 x 3 metres. Windows of 1 x 1 m could be opened
between the aviaries to connect them together. One half of the aviaries was outside, so the
birds followed the natural heat and light schedule of Tenerife. The half inside the research
station and was lit with Arcadia Zoo Bars (Arcadia 54W freshwater Pro and Arcadia 54W D3
Reptile Lamp) that followed the natural light schedule.
A large variety of fresh fruit and vegetables were provided first thing in the morning and
again in the afternoon. In the afternoon, each individual received a portion of Versele Laga Ara
seed-mix that was modified based on their daily weight. The parrots were never starved,
controlled portions of seeds were fed to prevent overeating and obesity. Testing took place at
least an hour after the parrots had breakfast to ensure there was sufficient motivation to get
food rewards. Unless otherwise specified, walnut halves were used as rewards. These were
highly prized by all subjects, and they were able to obtain them on a daily basis through
voluntary testing.
Experimental rooms
Experiments took place in separate testing rooms away from the aviaries. All birds had been
previously trained to enter in them. These rooms were 1.5 x 1.5 x 1.5 m and also lit with Arcadia
Zoo Bars to cover the birds’ full visual range. One wall of each one of the experimental rooms
had a 50 x 25 cm window through which an experimenter could place apparatuses into the
testing room from a neighbouring chamber. This window could be occluded with a white board
so that the experimenter could hide anything they were doing from the subjects’ view, such as
re-setting apparatuses between trials. The experimenter always wore mirrored sunglasses
during experiments to prevent their gaze being a cue for the parrots. A second wall was made
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of sound proofed one-way glass so that zoo visitors could observe experiments without
disturbing the subjects.
Apparatus
The apparatus had a hinged platform held up by two 8x8mm neodymium disc magnets
(www.supermagnete.de, 2.5kg strength) that magnetised to two screws. A transparent acrylic
shell (25 x 20 x 10.5 cm), marked with blue stripes to show the solidity of the acrylic, enclosed
the platform. A reward was placed on top of this platform and was inaccessible unless the
magnets released the hinged platform into a sloped position, allowing the reward to roll out from
another hole at the bottom of the apparatus (Figure 1). For the pre-test and critical test, the only
access hole to the platform was via a small rectangular tube, placed on top of the shell. The
platform was 10 cm below the top of this tube, which meant the parrots could not reach in and
touch the platform. The opening at the top of the tube was a rectangle of 7 x 4.5 cm, which was
also small enough to prevent the birds from placing their heads directly inside the hole. The
entire apparatus was mounted on a solid wooden board (45 x 30 x 2.5 cm).
A slightly modified version of the apparatus was used for the platform-pushing phase. A
different transparent acrylic shell was placed on the apparatus that allowed the subjects to
access the platform. In place of the tube, this shell had an opening so that the birds could push
the platform directly with their beaks (Figure 1, A & B). However, this structure still blocked the
parrots’ direct access to the reward that was resting on top of the platform.
The stone tools provided in the pre-test and critical tests were natural volcanic rocks
taken from the beach in Puerto de la Cruz, Tenerife. They were returned to the beach after
testing was finished. They had a diameter of 4.5-5.5 cm and weighed between 60-100 g. It was
ensured they were all sufficiently heavy to break the connection between the magnets holding
up the platform when dropped from a height of 5 cm, i.e. half the height of the tube.
Experimental procedures
Within these descriptions, a ‘session’ is a single period of time in which a subject was taken to a
testing room, a ‘trial’ is a single opportunity to interact with the test apparatus and obtain a
reward. Thus multiple trials could take place within a single session. A single trial could last for
a maximum of ten minutes; if a subject had not succeeded within ten minutes then the trial and
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the session ended. If a subject succeeded within ten minutes, then the apparatus was rebaited
and subjects were given another trial. There was a maximum of six trials in a session.
Hypothetically sessions had a maximum time of thirty minutes, so as not to over-test the
subjects, but this time limit was never reached. Typically subjects only had one session of
testing per day. All subjects individually took less than a month to complete the whole
experiment, from habituation to final critical test. The one exception was Hannibal, who took
two months. Testing of the birds began in May 2017 and finished in January 2018.
Habituation
Habituation to the apparatus and the stone tools was necessary to ensure the subjects were not
scared of either of these and thus, to exclude neophobia as a confounding factor. Although
parrots are typically quite neophilic (Auersperg et al., 2015; Mettke-Hofmann et al., 2002), so
are unlikely to have a neophobic response to novel apparatus and objects, there is variation
between individuals. Specifically, older parrots may be more likely to show neophobic
responses (O’Hara et al., 2017). As the subjects were of different ages (see Table 1), it was
important to ensure that all subjects were equally comfortable with the apparatus.
Every subject was first habituated to the apparatus without the necessary tools. These
sessions took place in the experimental rooms, with an experimenter sitting in the neighbouring
chamber. Once the subject was in the experimental room, the experimenter introduced the
apparatus through the window. Subjects had five minutes to approach the apparatus and take a
piece of walnut placed at the base of the apparatus (where the reward would fall out in a
successful trial). If they took it, the experimenter waited for 30 seconds then removed the
apparatus. Next, the experimenter, out of sight of the subject, rebaited the apparatus and
reintroduced it a minute after removing it. The subjects had up to six of these trials per session
and if they took six walnut pieces in a row within a single session, they moved onto testing.
In parallel, the subjects were habituated to the stone tools in their home aviaries. The
stones were placed inside the aviaries for the parrots to approach and explore as a group.
Each group of birds approached, picked up, and explored the tools extensively (although this
was not specifically measured). Additionally, each individual was also given an opportunity to
explore the tools whilst alone in an isolated area of the aviary. Each individual had held and
interacted with the stones more than once before they started testing.
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Pre-test and Critical test procedure
The pre-test and critical test procedure were identical in both setup and procedure as detailed
below. However, the birds entered the critical test phase only after failing to find a solution in
the pre-test and after they had undergone the platform pushing experience phase (see below),
during which they had an opportunity to learn about the underlying mechanism of the apparatus.
The pre-test was implemented in order to examine whether the subjects would solve the
task without any prior knowledge of the underlying platform mechanism. If subjects naively
placed stones into the apparatus this would indicate that they did not need to employ causal
reasoning processes, but that their solution could by explained by more simple means, such as
a tendency to insert stones into cavities or to combine them with other objects regardless of the
causal outcome of this behaviour. On the contrary, if they did not drop stones in the pre-test,
but only began to do so in the critical test, this could be seen as an indication that having
experience of the underlying causal mechanism of the task (i.e. the collapsibility of the platform;
see platform pushing experience below) caused a change in the subjects’ behaviour, suggesting
the subjects were capable of a more complex form of causal understanding based on
mechanisms.
The protocol for the pre-test and critical test was as follows. Subjects were given six
testing sessions once per day, with both the baited test apparatus and tools present. Each
session had between one to six trials, depending on the subject’s success, i.e. they were given
more trials if they succeeded in a trial until the six trial limit for a session was reached. Initially,
the whole apparatus was prepared out of sight in a neighbouring chamber to the subject’s
testing room, including baiting the apparatus with an attractive reward (half a walnut) and
placing two stone tools on each side of the apparatus (four in total). The apparatus was then
pushed into the subject’s room through the window. The subject was allowed to interact with
the apparatus for ten minutes. If they were not successful in this time, the trial (and the session)
ended, the apparatus was removed and the subject was returned to its social group. If,
however, a subject was successful in this time-span, and they were able to make the platform
collapse through dropping stones into the tube, they would be given further trials immediately
within the same session in order to examine whether they would continue to succeed in
subsequent trials. The repetition of trials immediately after a successful stone drop was vital for
verifying if the subjects could replicate their success and thus had grasped the causal outcome
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from their specific action, i.e. dropping the stone into the tube, or whether they had succeeded
accidentally without recognising the difference-making properties of their behaviour. If they
immediately repeated the behaviour after doing it once, it suggested that the behaviour was
either originally purposeful, or that it was initially accidental but the birds at least had capable
egocentric understanding of their behaviour. To implement a replication trial, the experimenter
waited 30 seconds after the subject had made the platform collapse and then removed the
apparatus. They would re-bait it out of sight of the subject and replace it one minute after
removal. From the moment the apparatus was placed back in the subject’s compartment, they
had another ten minutes to solve the task again. If they were not successful in a repeat trial, the
session was ended. The apparatus was re-baited up to five more times within a session (thus a
maximum of six trials per session). Testing stopped either if a subject reached criterion, which
meant that the subject obtained rewards 12 times in a row in two continuous sessions (6
successful trials per session), or they had six full, valid sessions with no successful trials. If
subjects had their first successful trial in the sixth session of testing then they were given a
seventh session to see if they would reach the successful criterion at this point. We considered
a trial as unsuccessful, but valid, if the subjects touched either the apparatus or stone tools at
any point. Thus trials in which subjects did not approach the apparatus or tools were counted
as invalid. Testing sessions also ended after these invalid trials.
Platform pushing experience
If subjects were unsuccessful in the pre-test, they were given the platform pushing experience
before they moved onto the critical test. Its purpose was to give the subjects the opportunity to
learn about the functional mechanism of the platform, i.e. the collapsibility of the platform if force
was exerted onto it, without providing any cues to the required problem solving behaviour if the
target platform was out of reach, for example dropping a stone tool onto it. They had to push
down the platform directly with their beak to release a reward. To this end, the apparatus had to
be slightly modified to allow for this (Figure 1, A & B). The subjects learned to push down the
platform in the following way.
To begin with subjects were first provided with one 10-minute session to establish if they
would spontaneously push the platform. If they did, then it would be re-baited five more times in
this first session. They would continue to have 10-minute experience sessions until they reach
a criterion of pushing the platform twelve times in a row (with six trials a session).
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If subjects did not push the platform spontaneously, they were gradually trained to push
the platform via shaping. Firstly, the magnets holding up the platform were weakened by
placing layers of tape between the magnet and the screws they magnetised to. Just touching
the platform was now enough to make it collapse. We gave them motivation to touch the
platform by placing a small reward (a single sunflower seed) on it. When they picked up this
reward, the platform collapsed and released the larger walnut reward from inside the apparatus.
If they succeeded, the apparatus was removed, re-baited and replaced five more times for the
subjects to repeat this behaviour (six in total). In the next session, the full magnet strength was
restored but the small reward was still placed in the pushing area. Six more successes were
required to pass this stage. Then, in the final sessions, the subjects had to push the full
strength platform without the small reward incentive. They had to do this 12 times in a row in
two sessions (six trials per session) to finally complete the platform pushing experience and
move on to the critical test phase (as described above).
Stick Transfer
Subjects would only proceed to this task if they had successfully completed the stone-dropping
task, in either the pre-test or the critical test. It used the same apparatus as the stone-dropping
task except that the acrylic shell that enclosed the platform was moved 5cm further forward
(Figure 1 E&F). This change meant that objects dropped into the tube on top of the apparatus
would not automatically hit the platform. Instead, they had to insert a stick at an angle to make
the end of the stick touch the platform. Dropping the sticks vertically would mean the sticks
missed the platform, thus it wouldn’t collapse and release a reward.
As these birds had never used a stick tool before, it was unclear what kind of stick would
be easier for them to use, so we provided them with two different options. Both options were
18cm long and made of aluminium, but one option was solid with a 0.8 cm diameter and the
other option was hollow with a 2 cm diameter. The hollow stick was open at each end so that
the macaws could place the end of their beak inside the stick; we thought this may have been
an easier way for them to grasp the stick tool. To further make the stick tools easier to grip for
the birds, they were wrapped with a single layer of silver duct tape. Additionally, multiple layers
of black electrical tape were wrapped around each end of the sticks to make it harder for them
to remove the duct tape from the sticks. Subjects were habituated to these sticks using the
same protocol as used for the stone tools.
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This task only consisted of a critical test phase as all the subjects that took part had
experience of the mechanism of the platform from the stone-dropping task. Thus, the aim of this
task was to evaluate if the birds could use the stick tool to produce the same result as in the
previous task. The procedure followed for this task was the same as the pre-test/critical test
method as the stone-dropping task.
Behavioural coding
All experiments were recorded on four static CCTV cameras. These covered all angles of the
testing room. Two recordings from separate cameras were saved for each experimental
session, but more recordings were saved if it was necessary for specific trials, e.g. if there was
partial occlusion of a camera view from the subject standing in the way. The following
exploratory behaviours/variables were scored from the videos using Solomon coder (András
Péter, solomon.andraspeter.com): the amount of time (in seconds) subjects spent touching the
apparatus, the amount of time they spent touching the stick or stone tools and the amount of
time they spent touching the apparatus with the tools. These exploratory behaviours were
scored from the moment the apparatus entered the subjects testing chamber until they either
succeeded in a trial or until they reached the time limit for the trial (failure). We also counted the
number of times subjects placed the stone or stick tools onto the apparatus, without this leading
to a successful solution. The tool was defined as ‘on top’ of the apparatus if the subject
released the stone from its beak and it remained stationary on top of the apparatus after
release, but was not dropped inside the apparatus (i.e. onto the platform). Furthermore we
scored the latency to solve the task for each individual and their latency to complete the
successful behaviour in each of their successful trials. This latency was calculated from the
moment the apparatus was placed inside the testing chamber until the platform had collapsed.
Finally, we scored the number of times subjects dropped the stone and stick tools inside of the
apparatus in each trial. This final behaviour was counted from the time the apparatus was
placed inside the testing room until the moment the apparatus was removed from the testing
room, which included the 30 seconds after subjects had successfully dropped a stick or stone
tool onto the platform to make it collapse.
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4.4

Results

16 out of 18 subjects successfully and consistently dropped stones onto the platform (Table 1).
The other two birds, one of each species, never dropped any stones. Of the birds that
succeeded, eight reached the criterion in the pre-test phase and the other eight reached it in the
critical test phase (Figure 2). Of the birds that reached the criterion in the pre-test phase, seven
were A. ambiguus and one was an A. glaucogularis. Thus, those that succeeded in the critical
test phase were one A. ambiguus and seven A. glaucogularis.
The A. ambiguus spent significantly more time interacting with the stone tools (mean =
104 seconds, sd = 69 seconds) than the A. glaucogularis (mean = 40 seconds, sd = 22
seconds) in all trials before their first successful stone drop (Figure 3; Welch’s two sample t-test,
t9.6 = 2.67, p = 0.02). There were no significant differences between the two species in the other
exploratory measures; there was no difference between how much the two species interacted
with the apparatus nor was there a difference in time they spent touching the apparatus with a
tool held in their beak.
After subjects’ first successful stone drop, their latency to drop a stone in the following
trials greatly decreased (Figure 4, left). Additionally, all subjects began to drop more than one
stone in the trials following their first success (Figure 4, right; Table 2). Subjects also showed a
slight increase in the number of stones they placed on top of the apparatus, but not inside the
apparatus, on the trials after the first stone drop (Figure 5).
Only one bird, an A. glaucogularis called Mowgli, was able to consistently use the stick
tools to make the platform collapse. One more A. glaucogularis, Charlie, had a single
successful trial, but was unable to repeat this in subsequent trials. Four more A. glaucogularis
inserted the stick tools into the apparatus without hitting the platform and none of the A.
ambiguus ever inserted a stick tool into the apparatus. Only the two birds that had a successful
trial inserted the stick in more than one trial.
In total, the successful bird Mowgli inserted sticks into the apparatus 62 times and
obtained the reward from 15 of those cases. Charlie inserted sticks the second most number of
times, but he only did so five times, with one successful trial (Table 3).
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There was no difference in exploration rates either between the two species in the task
(Figure 3). One A. ambiguus, Hazel, did not record a single valid trial as she learned how to
break the apparatus.
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4.5

Discussion

16 out of 18 of parrots of both species were successful in innovating a novel tool use behaviour,
i.e. stone-dropping, to solve a novel task (Table 1). The novel stone-dropping behaviour was
within the behavioural capacity of both, however, there was a distinct difference between the
two species. Seven out of eight of the successful Ara ambiguus, but only one Ara
glaucogularis, solved the task in the pre-test phase, before they received the platform pushing
experience, i.e. before they had learned anything about the causal mechanism of the
collapsibility of the platform in the apparatus. However, seven out of the eight successful Ara
glaucogularis and one Ara ambiguus solved the task only in the subsequent critical test phase,
thus only after they had obtained information about the causal mechanism in the apparatus from
the platform pushing experience (Figure 2). The different stages of the experiment at which the
solution was innovated suggest that i) there were differences both between and within the
species in what types of cognition they used to come up with the behavioural innovation and ii)
the stone dropping test alone may not be diagnostic of the types of cognition used for the initial
behavioural innovation, which will be discussed further in turn below. As almost all individuals
were able to replicate the stone-dropping innovation after their initial success, it suggests that all
the subjects at least understood the difference making causal effects of this behaviour.
Moreover, the almost uniform failure of the subjects in the stick-test transfer task suggests that
their understanding of the platform’s collapsibility was inflexible and did not rely on an
understanding of the mechanism. They were mostly unable to redirect a stick tool towards a
platform in a different position. Nevertheless, a single individual was able to consistently
succeed in this transfer task, showing that there are some conditions that may encourage these
macaws to seek the underlying causal mechanism of an apparatus.
The original aim of this experiment was to examine whether an understanding of the
functional mechanism of the task could underlie a subjects’ problem solving performance in the
stone dropping apparatus (Bird and Emery, 2009; von Bayern et al., 2009). In total, eight
parrots (7 Ara glaucogularis, and 1 Ara ambiguus, Figure 2) were able to innovate the stone
dropping behaviour after the platform pushing experience, similar to two out of four New
Caledonian crows (von Bayern et al., 2009). The successful innovation of the behaviour at this
stage suggests that the subjects had used a mechanistic understanding of how the platform
required some form of force or contact to collapse, and had therefore dropped the stone onto it
to recreate the force/contact they had previously exerted with their beaks.
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The other eight successful parrots (7 Ara ambiguus and 1 Ara glaucogularis) were all
successful in the pre-test phase of the experiment (Figure 2), prior to having any functional
experience of the collapsibility of the platform within the apparatus. This was unexpected as it
did not happen in the fist iteration of this experiment with New Caledonian crows (von Bayern et
al., 2009). At this stage, it was impossible for the parrots to be aware of the mechanics of the
task because they had never observed the platform moving. For these parrots, the initial
innovation of the solution was without a causal understanding of how the dropping stone would
affect the platform; they could not have predicted the effect the stone would have. It is likely
that these eight individuals innovated their solution through exploratory behaviour.
This would suggest that Ara glaucogularis are more likely to need mechanistic
information when compared to the the Ara ambiguus to innovate the stone-dropping task
solution and it may be that the Ara glaucogularis’ causal understanding is more biased towards
causal mechanisms (Johnson and Ahn, 2017). As the majority of the Ara ambiguus solved the
task before getting to the mechanism information stage (the platform pushing), it would suggest
that they are perhaps more exploratory innovators. Nevertheless, a single individual from both
species solved the task in ‘non species typical’ way. This suggests that there are also individual
differences within the species, as one Ara glaucogularis appears to be an ‘exploratory innovator’
and one Ara ambiguus appears to be a ‘mechanistic innovator’. Both species appear to have
some flexibility in their innovation types. Furthermore, there was one individual of both species
that failed to innovate a solution at any stage, showing ‘non-innovators’ may also exist within
both species (Table 2).
As stated, it was unexpected for the subjects to innovate a solution in the pre-test phase
of the experiment. For these individuals, it may be that they arrived at the solution through
increased intensity of exploring both the apparatus and tools available to them and
serendipitously discovered a beneficial object combination, namely placing the stone into the
tube and dropping it. Within the two species studied in this experiment the Ara ambiguus spent
significantly more time interacting with the stone tools than the Ara glaucogularis (Figure 3),
which may explain why the majority of the Ara ambiguus innovated stone-dropping in the pretest phase. There was no difference between the species in the other exploration measures we
took, regarding how much the individuals interacted with the apparatus both with their beak and
with the stone tools (Figure 3; Table 1). Also, based on these exploratory measures, the single
Ara glaucogularis (Paco) that innovated the solution in the pre-test was not more exploratory
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than his species peers, and the single Ara ambiguus (Enya) to not innovate the solution in the
pre-test was not less exploratory than her species peers (Table 1). Thus random exploration
may not be the explanatory factor for the individual differences in solution time. It could be that
the exploration was more directed, i.e. the subjects were given a stone and an apparatus with a
tube on the top and there was a fairly limited number of exploratory actions they could have
taken and placing the stone in the tube was one of them.
Highly explorative individuals have been shown to do better in problem solving tasks
previously (Overington et al., 2011). Macaws also have a diverse range of manipulative skills
(Villegas-Retana and Araya-H., 2017) like other parrots (Huber and Gajdon, 2006), which are
also important in creating novel exploration types, another factor vital in problem solving (Griffin
and Guez, 2014). Different species of parrots are thought to have different rates of exploration
based on their ecological backgrounds (Mettke-Hofmann et al., 2002). Although it has been
previously found that one macaw species, the northern red-shouldered macaw (Diopsittaca
nobilis), shows reduced object-exploration intensity compared to New-Caledonian crows
(Auersperg et al., 2015), both species of macaws in this study appeared very exploratory. Kea,
another parrot species in contrast have been shown to be much more explorative than New
Caledonian crows in regards to haptic exploration (Auersperg et al., 2011), so it might be that
the Ara ambiguus from this study share some ecological factors with the kea that select for
increased haptic exploration and a tendency for creating object combinations, which most likely
explains why they produced the stone-dropping behaviour in pre-tests in contrast to the New
Caledonian crows (von Bayern et al., 2009). In corvids, one raven has previously been noted to
arrive at the solution of the stone dropping task before having any experience of the platform
collapsing before (Kabadayi and Osvath, 2017). Although these are typically neophobic birds
(Heinrich, 1988) they are still exploratory once they have overcome their neophobia (O’Hara et
al., 2017).
In order to obtain a direct comparison of the object exploration tendencies of the two
macaw species tested here with that of the previously tested New Caledonian crows, ravens
and other birds, it would be informative to study their object-combination tendencies as
described in Auersperg et al. (2015). We do not know much about their ecology in the wild nor
their drive to explore, but it appears that the Ara glaucogularis are fairly reliant on a single food
source (palm fruits) (Collar et al., 2019b; Yamashita and Machado de Barros, 1997) whereas
Ara ambiguus are forced to search for variable food sources for two months of the year when
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their preferred food source (mountain almond trees) is not in season (Berg et al., 2007; Collar et
al., 2019a). This may have selected for an increased exploratory tendency in Ara ambiguus
compared to Ara glaucogularis and may explain why more of the Ara ambiguus discovered the
stone dropping solution during the pre-test stage.
If some subjects, regardless of species, were able to innovate the stone-dropping
behaviour without the platform-pushing experience, then it is possible that the subjects that
required the platform-pushing experience did not specifically gain mechanistic information from
the platform-pushing. Rather than learning something about the mechanism during this phase,
the platform pushing may have served to more simply create a positive valence for the whole
apparatus, i.e. the subjects recognised it was a potentially reward giving object. This could
have encouraged the subjects to explore it further, and thus it may have been exploration that
ultimately led them to place stones into the tube, not a mechanism based causal understanding.
Thus, the subjects that discovered the solution after the platform-pushing experience may have
also discovered the solution by chance, but just taking more time as they were less explorative
than the subjects that discovered the solution before the platform pushing. To control for this
possibility, it would be good to add another control group that instead of the platform pushing
experience were given a similar number of sessions to consume rewards from the apparatus at
the same phase of the experiment. If this control group also innovate the stone-dropping, then it
suggests that there was no mechanistic understanding involved, but a local enhancement of the
apparatus encouraging exploration.
Notably, regardless of the cognitive processes behind the innovation, all individuals
across both species appeared to recognise and remember which aspect of their own behaviour
had led to the reward from the moment they had first solved the task i.e. dropped a stone in the
tube for the very first time. All birds that innovated once were able to consistently repeat the
behaviour (Table 2). Four birds had a single failed trial after their first success, and the rest had
zero failed trials (Table 2). Additionally, the speed with which the behaviour was repeated
suggests rapid learning (Figure 4). This strongly suggests that the parrots recognised which of
their own actions had influenced their environment, even if their initial behaviour had come from
accidental exploration. They recognised the difference making properties this tool had had on
the apparatus (Woodward, 2011). However, after the subjects’ first successful stone-drop, there
was also a small peak in erroneous stone placement behaviour in some subjects (Figure 5).
The subjects increased the number of times they placed stones on top of the apparatus, but not
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inside the open hole to the platform, in the trials immediately after their first success. This
suggests that the subjects perhaps only recognised a more general behaviour involving both the
stone and the apparatus was important to creating the desired effect and still needed some trial
and error before recognising the exact behaviour of placing the stone inside the open hole
above the platform.
Further evidence that the subjects perhaps did not fully understand the mechanism of
the apparatus comes from the almost uniform failure in the stick test transfer. Only five of the
subjects inserted the sticks into the apparatus, all of them were Ara glaucogularis and only two
did so in more than one trial (Table 3). The majority of subjects did not appear to be able to
flexibly transfer their knowledge of dropping stones into the apparatus to dropping a stick into
the apparatus. Most of the subjects that did insert a stick into the apparatus did not do so
persistently as for most of them it did not lead to the platform collapsing, as the platform had
now been moved from directly underneath the tube. Interestingly, none of the subjects that
solved the stone dropping task in the pre-test ever inserted a stick into the apparatus. It could
be that those that required knowledge of the mechanism to solve the task gained a more flexible
causal understanding of the apparatus, hence they were more flexible in what kind of tool to try
and insert into the apparatus. Observationally, it was however apparent that the subjects
struggled to handle the stick tools, and this may have been the underlying factor for why most
subjects did not insert them into the tube.
The single subject that did succeed in multiple trials, Mowgli, was not very consistent in
producing the successful behaviour. He required many attempted insertions and many failed
‘drops’ of the stick tool before he could make it consistently come into contact with the platform.
Previous research has shown that persistence is a key factor in problem-solving tasks (Chow et
al., 2016; Thornton and Samson, 2012), and it is presumably Mowgli’s persistence that allowed
him to succeed as he was the only one to repeatedly attempt to use the stick tool (Table 3).
None of the macaws were able to use the sticks as a skilled tool user would, but holding one
end of it and directing the distal end of the stick in the desired direction. Instead, they used it as
an awkwardly shaped stone, dropping it vertically into the tube. This did not give the macaws
much control over the stick, ergo it was probably very difficult for them to direct the stick towards
the moved platform. Nevertheless, Mowgli’s skill with the stick appeared to improve across the
course of his trials and he required fewer attempts to drop the stick onto the platform before
succeeding in later trials (Table 3). This would suggest that he had paid attention to the detail
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that the platform had moved as he was directing the sticks towards the new position of the
platform and not simply dropping the stick into the tube undirected. This would suggest he had
a mental representation that he had to create contact between the tool and the platform, which
in turn suggests he was using a mental representation of the part of the causal mechanism of
the task. However, Mowgli was the only individual that showed this possibility. Thus the
overwhelming evidence from the other subjects is that they do not have a drive to use causal
mechanisms to solve problem-solving tasks.
There is other evidence that suggests the subjects appear to have not quite understood
exactly how the stone-tool influenced the moveable platform. All of the subjects that started
stone dropping also began to drop more than one stone in the following trials (Figure 4, right).
This behaviour suggests the subjects did not make the connection that the stone they had
dropped had impacted the platform, which in turn made it collapse. Instead, it suggests they
may have been trying to get more rewards from an apparatus that had already released its
reward. This mistake implies the subjects only recognised that dropping the stone in the hole led
to a reward, not how or why it did. This behaviour could also be explained by a lack of inhibitory
control as it had become a conditioned behaviour (Kabadayi et al., 2017). Equally, the repeated
stone dropping may have been additional play and exploratory behaviour, which as discussed
above, could be the reason they found the solution in the first place, and probably a hard
behaviour to suppress.
In conclusion, there is strong evidence that these macaws are good problem-solvers as
the majority were able to innovate a tool-using solution to the stone-dropping task, i.e. they were
able to drop a stone onto a collapsible platform. There is some evidence to suggest that some
subjects, mostly Ara glaucogularis, used a causal understanding of the mechanism underlying
the apparatus, the collapsible platform, to innovate the initial stone-dropping solution. There is
also evidence to suggest that most of the Ara ambiguus used exploratory behaviour to discover
the stone-dropping innovation. Nevertheless, all subjects displayed an understanding of which
of their behaviours had been critical in making the platform collapse as all of them were able to
rapidly and consistently repeat their stone-dropping innovations. Thus they all displayed a
difference-making, learned, causal understanding of their behaviour. Most of the subjects had
difficulties in handling stick tools in the transfer task, but one Ara glaucogularis individual was
able to succeed in this task, which gave stronger evidence that he had used an understanding
of the underlying mechanism to innovate the use of the tools to collapse the platform.
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Figure 1. All of the apparatus used in the stone dropping test, the platform pushing experience and the
stick dropping transfer. A&B show the apparatus setup for the platform pushing experience. In this stage,
subjects could push the black platform (A) causing it to detach from a pair of magnets and allowing a
reward to fall out the bottom (B). C&D show the apparatus setup for the pre-test and critical test phases of
stone dropping task, which occurred before and after the platform pushing experience respectively. In
these stages, the subjects could only make the platform collapse by dropping a stone through the tube in
the top of the apparatus (c), to release a reward (D). E&F show the stick transfer task, in which the
transparent acrylic shell was extended so that the tube was no longer directly above the platform. This
meant that a stick had to be inserted at an angle into the tube (E) so that it touched the platform (F).
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Figure 2. The Number of Subjects successfully passing the stone dropping task at each stage. Many
birds were able to pass the stone dropping test from both species. However there were differences
between the two species as to what stage they could pass the test. The majority of the Ara ambiguus
were able to complete the task in the pre-test phase, whereas the majority of the Ara glaucogularis only
completed the task in the Critical Test Phase. Two birds, one of each species, failed the task.
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Figure 3. The average amount of time individuals spent interacting with the tools, the apparatus and a combination of both during both the initial
stone dropping test and the stick test transfer. Only the trials prior to their first success are shown, as these are the only trials in which the birds
were ‘exploring’, thus for the stone dropping task, the data shows a combination of pre-test and critical test trial data if subjects did not succeed
until the critical test. The combination data (the two graphs on the right) shows the amount of time the subjects were specifically touching the
apparatus with a tool being held in their beak.
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Figure 4. The subjects behaviour after first success with stone dropping apparatus. After their first successful trial, subjects’ latency to repeat the
successful stone dropping behaviour reduced in following trials. They also started increasing the number of stones that they dropped into the
apparatus within each trial.
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Figure 5. The number of times subjects placed stones on top of the apparatus, but not inside the box.
There was a slight peak of placing stones on top of the apparatus, and not inside the box, after the first
successful stone-drop. This is suggestive of the subjects recognising they had completed an action that
involved the stone and the apparatus, but not specifically placing the stone inside the apparatus.
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Table 1. Description of subjects and their success in the stone dropping task. ‘Fail’ indicates that the subjects completed six
sessions of the given phase without reaching the successful criteria. Numbers indicate the session in which subjects had their first
successful trial. Dashes indicate that the subject did not do the phase because they had already succeeded in the experiment. The
five columns on the right indicate individuals average exploration times (in seconds) in trials up until, and including, their first
successful trial.
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Table 2. The subjects’ success across trials in the experiment, showing which subjects succeeded in the pre-test trials and which
succeeded in the critical test trials. 0 denotes a failed trial and 1 denotes a successful trial. Trials in which subjects failed after a
successful trial are highlighted. Hannibal only recorded one valid pre-test trial, however he had 10 invalid pre-test trials, so he moved
onto the experience phase regardless.
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Table 3. The number of times subjects inserted the stick into the tube in the stick test transfer. Trials in which subjects succeeded to
make the platform collapse are in Bold. Mowgli did not reach the success criteria of ’12 uninterrupted successful trials without a
failure inbetween’, but we stopped as he was becoming less motivated to participate in the experiment. There was a video error in
Long johns sixth trial, hence it is not recorded here.
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5

General Discussion

In general, this discussion is to be considered with two main threads in mind: parrot causal
cognition and animal psychometrics. At the end of this section I will make a complete
interpretation about how much macaws use causal cognition, and how complex their causal
understanding is. I will then discuss why the quality of the tests (psychometrics) is critical in this
field, because fairly big judgments have to be made from a small amount of data. Fair judgments
are only possible if we know the experiments we have completed are reliable, which I essentially
believe is frequently not the case. Many of the tests, for various reasons, do not test the targeted
cognitive domain that the researcher desired to evaluate. Instead, subjects regularly solve the
tests using more simple rules and heuristics that still lead to them getting many of the rewards
available from the test. For this reason, subjects do not have any level of motivation to ‘try harder’
and consider a more complex rule that requires greater amounts of cognition. Thus we are left to
consider whether subjects do not have access to these ‘complex cognitive processes’ or whether
we have failed to motivate subjects enough to use them. With this doubt, it is very difficult to draw
objective conclusions on a subject’s genuine cognitive capacity.

5.1

Summary of Primate Cognition Test Battery (PCTB) in Parrots

Within this series of experiments there were two potential interpretations. If we accepted the
results at face value, then the parrots we tested showed none of the many cognitive capacities we
tested for. Almost all individuals performed at chance level in tests on spatial memory, numerosity,
causal understanding, social learning, communication, and theory of mind. This would be
surprising in some instances as other parrots in previous studies have shown evidence for
cognitive capacities that were tested in this battery. For example, multiple species of parrots,
including African grey parrots (Psittacus erithacus) which was one of our subject species, have
been previously tested on very similar object permanence and spatial memory tasks to the ones
tested in the PCTB, but in these studies the majority of the parrots were successful (Funk, 1996;
Pepperberg et al., 1997; Pepperberg and Funk, 1990; Pepperberg and Kozak, 1986). The exact
same spatial memory and object permanence tasks completed within this battery were also all
successfully solved by Goffin’s cockatoos (Cacatua goffiniana) (Auersperg et al., 2014). Thus,
because all of the parrots we tested in this experiment performed at chance level, we considered
that it was more likely that alternative factors (non-cognitive) had influenced their poor
performance.
The alternative factors to consider are that the parrots showed some lack of motivation or
attention in the current setup. Therefore, the results are not a reflection of their cognitive
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capacities, but more the difficulties they had with the testing protocols we gave them. I consider
this to be a more parsimonious explanation, as I do not think it is likely that the parrots we tested
lacked basic spatial memory skills. It unfortunately means that any cross species comparisons
using this data will be fairly futile as the results will not be an accurate representation of the parrots’
true cognitive capacities. A notable aspect of the testing was that most of the experiments had a
very similar setup, some even using the same apparatus, which meant the subjects had to simply
walk towards one of two or three choices. It is likely that they very rapidly recognised that they
could walk towards the same side (choice) each time and expect to still regularly receive a reward
in some of the trials (side-biases were very frequent). As the trials in this experiment required such
little effort, there was basically no cost to them if they did not get the rewards. Realistically, this
type of accuracy/effort trade-off was a very efficient (low-effort) general rule to apply to all the tests
whilst maintaining a high enough accuracy to maintain enough motivation to keep testing.
The critical question is why these parrots struggled with testing in this setup, whereas apes
(Herrmann et al., 2007) and monkeys (Schmitt et al., 2012) in previous tests did not. There were a
few factors that could explain these differences. One factor was that the parrots had to indicate
choices with their beaks, whereas the primates could use their hands. This was problematic as the
situation entailed a self-control issue where the parrots have to reach with the limb that they are
also eating with. The apes and monkeys, on the other hand, could indicate choices with their
hands, which meant they did not have to lean in towards the food to make choices. This became a
self-control issue in the choice tasks where subjects had to indicate more than one choice (all the
tasks in the ‘space’ category). As the parrots had to indicate their choices with their beak, they
would sometimes have to walk past some of the available (incorrect) choices to make a correct
choice; they had to inhibit touching potential food whilst being forced to place their head next to it.
The primates could simply use their two different hands to point at two choices when necessary,
without having to withhold from checking a choice that was closer to them. Because of this basic
difference in morphology between parrots and primates, the testing setup required extra inhibitory
control for the parrots. Interestingly, individual chimpanzees scores in self-control tests positively
correlated with their own scores in the PCTB (Beran and Hopkins, 2018), which meant that
chimpanzees did better when they had better self-control. Therefore, adding a greater requirement
of self-control on parrots in comparison is likely to have made it even harder. Interestingly, on this
same test for self-control, this group of parrots also mostly performed poorly relative to apes
(Kabadayi et al., 2017). This is one of the reasons why which changing the experimental setup
may make a test more comparable in regards to the cognitive domains that the experiment aimed
to test.
A second factor that made the experimental setup unsuitable for parrots was that many of
the tasks required interaction with a human. In a large number of the tasks, the baiting procedures
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required the parrots to track a human’s hand movements to see where the rewards were being
placed (and sometimes subsequently moved), which is likely a complicated task if you yourself
(being a parrot) do not have hands. It is difficult to know how a parrot perceives the way a human
uses their hands. Do they attend to them as extensions of the living agent in front of them or
perhaps something as extreme as separate flailing entities surrounding the person? Nevertheless,
training birds to attend to a human’s hand movements can improve their performance in these
kinds of choice tasks (Jelbert et al., 2016), suggesting that poor attention to human hands
otherwise may be a limiting factor. It would seem sensible to suggest that all animals undergoing
cognitive testing should have this training if they are going to complete tasks similar to those in this
battery. If one were to try fixing the root of the problem, it is difficult to envision a testing protocol
which would make ‘more sense’ to the parrots. We did contemplate using a parrot puppet to bait
items with its beak, but we could not be sure how this would be perceived by the subjects. Would it
be perceived as just a ball of material or even a competitor for food? It would perhaps make more
sense to make the baiting procedure more abstract for all subjects of all species tested, so that it is
equally ‘difficult’ for all of them. This is where touchscreens could be considered useful, as it would
be possible to show them videos of the experimental setups. However, touchscreens have been
noted to reduce accuracy in testing for kea (Nestor notabilis) (O’Hara et al., 2015). It is not clear
whether this reduction in accuracy would be the same for all species so there would be a similar
comparative problem.
The social cognition portion of this test battery is likely to have been perceived and
attended very differently for the parrots compared to the primates, considering similar reasons as
explained before. It is not clear how a parrot represents the social cues of an animal that has a
very different body to themselves, as a human does. Primates, on the other hand, share a much
more similar body structure to each other. In the social learning experiments, it was again difficult
to imagine how the parrots mentally represented a human using their hands to open apparatus in
certain ways. This essentially rules out the possibilities of emulation that the primates can have,
and it is not clear if this adds extra difficulty to the task for parrots. Additionally, in regards to the
‘communication’ and ‘theory of mind’ testing blocks, humans and other primates all have forward
facing eyes whereas parrots (and many other birds) have eyes on the side of their heads. The
way in which a parrot perceives cues from an animal with forward facings eyes is probably more
like a predator, not as a friendly social individual. A good example of this can be found in wild
herring gulls (Larus argentatus), who will approach a food item more carefully if a human is staring
directly at it and will preferentially take food which a human is not staring at (Goumas et al., 2019).
Yet the ‘correct’ answer in some of the experiments we gave the parrots was to go towards things
that the human experimenter was looking at or gesturing at. Jackdaws (Corvus monedula) are
able to use communicative cues like these if they are given from a familiar human (von Bayern and
Emery, 2009), but will respond aversively to unfamiliar humans’ direct gaze and move away from
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things they are staring at. It is unclear if the parrots in our study viewed all of our experimenters as
sufficiently familiar (or unfamiliar), and how this would have affected their interpretation of our gaze
or gestures. Having said this, as the subjects picked randomly in these tasks, it is likely they just
ignored the social cues completely. Additionally, many of the social experiments required the
subjects to choose between two options, so there may have been little motivation to attend to the
experimenter anyway for the same reasons discussed above.
A paper that came out after we did this experiment gave some insight into another factor
that may make parrots specifically not good at choice tasks. Many parrots are recorded as being
great ‘wasters’ of food, picking and processing through many fruits and seeds and dropping many
when only half eaten (Sebastián-González et al., 2019). It is possible that because parrots are
such rapid processors of different food types (i.e. they can easily remove skins of fruits and shells
of seeds), this procedure does not entail a serious ‘cost’ to them. In other words, dropping half
eaten foods is not actually very wasteful to them as they can promptly pick up and process more
food. There is also some evidence showing parrots drop unripe fruits more frequently (SebastiánGonzález et al., 2019). This behaviour might suggest that parrots gain benefits from checking
many fruits and seeds at different foraging sites, as in this way they can find the ‘best’ or most ripe
ones and they can do so without much cost. This information may be relevant to the experimental
protocols of the PCTB because parrots may have an evolutionary drive to ‘process’ many food
options when they are available to them. In this case, our subjects may have viewed the choices
in our experiment as options to check and process, rather than options that must be specifically
chosen or rejected. Visiting scientists from other cognition labs, who had worked with other avian
species, noted quite extreme difficulties in getting some of the species in our lab to make
consistent correct choices in simple choice tests (Lambert et al., 2018). Parrots apparent
indifference to wasting food may make them specifically handicapped at choice tests, which thus
leads to a misrepresentation of their cognitive capacities if the test requires choice.
Lastly, this experiment was essential to do as it is necessary to do exact comparative
experiments to be able to compare the abilities of different species. However, we still needed to
find the right motivation for the parrots to make them attend to the critical elements of the tests they
were interacting with. We believed perceived effort may have been a key factor here, and that is
what led the development of the novel trap-table in the next chapter.

5.2

Summary of the Trap-table test

The trap-tube is considered a ‘benchmark test’ for causal cognition in animals and it has been
tested in multiple species (see Table 1 from the trap-table chapter for a brief summary). For this
reason, this test allows direct comparison among a wide range of species. Furthermore, the
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development of the apparatus we used in this study gave important insights into how tests need to
be generally designed to keep macaws motivated. Finally, with this experiment we were able to
get some more diagnostic data on macaws’ physical cognition than what we got from the different
tests within the PCTB.
We first explored if the macaws would have a completely spontaneous understanding of
how the trap-table worked, however none of them were able to do it. All of the macaws picked at
chance between the two possible choices in each of the three different layouts of the trap-table for
a small number of trials. This suggested they did not have a predictive mechanical understanding
of how the surfaces of the different trap-tables would differently affect the support of another object
(the reward holder). The macaws did not appear to recognise that a solid surface would support
the reward holder nor did they recognise that the reward holder would fall into a hole if it was
moved over one. These might seem to us like very basic mechanical properties to understand, but
are perhaps properties which are not important for highly arboreal macaws. A life in the treetops
means you will not encounter many flat surfaces when compared to an animal that spends most of
its life on the ground. Although arguably, it is more costly if you do drop food from the top of the
trees as it is then irretrievable.
Afterwards, when given an extended number of trials with a single apparatus, the majority
of individuals of both macaw species were able to learn to move the reward holder towards the
correct choice. However, the macaws did not appear to learn very flexible rules to interact with the
trap-table. In transfer tasks, where subjects were given similar apparatuses with different traps in
place, the subjects mostly continued to make choices based on the rules they learned from the
initial trap-table they were given, which led to incorrect outcomes in some occasions. It is therefore
highly likely that these learned rules were based on arbitrary characteristics of the traps, such as
colour, rather than anything to do with the mechanical properties of the traps. This does not
completely rule out the macaws being able to use a causal understanding based on the underlying
mechanism of a task in any aspect of their physical cognition, but it does suggest that it is not a
facet of cognition that they are particularly prone to using if it is present (as discussed below).
Children from the age of two and a half (Seed and Call, 2014), one rook (Seed et al., 2006)
and a chimpanzee (Seed et al., 2009) were able to navigate the correct route to extract rewards in
all of the transfer tasks similar to the ones we performed. So why were none of the macaws able
to do so? For the macaw species that we tested, their extractive foraging skills are related to force,
and their body gives them the capacity to do this well (Collar et al., 2019b, 2019a). As their
powerful beaks allow them to open many fruits, seeds and nuts with comparable ease, they do not
need to attend to the mechanistic properties that have allowed them to obtain their food to be
successful. Chimpanzees and corvids, which are the species that have shown greater success in
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the trap-tube task, have extractive foraging behaviours in the wild that require greater care. For
example, chimpanzees can easily completely dig up an entire ant nest and start eating the ants.
However, as chimpanzees would get bitten in the process, carefully dipping with twigs instead of
using their hands is a more advantageous behaviour for them (Humle and Matsuzawa, 2002).
Factors like this push species to be more precise with their extractive foraging techniques and this
is probably the reason why this species may be more prone to attend to the critical properties in
cognition tests like the trap-tube. These two species of macaw might not have any selection
pressures that require them to be so precise with their extractive foraging techniques.
Even though the macaws were less successful compared to other species, many of these
subjects performed better than previous parrot subjects did on comparable forms of the trap-tube.
The most distinctive comparison is to a previous test on a group of parrots, including nine kea, a
yellow crested cockatoo and a green winged macaw (Liedtke et al., 2011). None of those parrots
were even able to learn how to use a single trap-tube. Realistically, failure to even learn how to
use a trap-tube after many trials should suggest there is a motivation or testing problem. As it is a
two-choice test, there should eventually be some learned association that almost any animal
capable of interacting with the trap-tube can learn. Failure at this stage does not give evidence
about physical cognition capacities of a species; it mostly gives evidence that there is no
motivation to succeed in the given task. Because we had many parrots able to learn the adjusted,
optimised, version of the trap-table we gave them, we viewed that as a success of the newly
designed apparatus and in turn, support for our reasoning of why animals fail two choice tests (as
discussed above in regards to the PCTB).
The trap-table we designed required an increased amount of effort in every trial to obtain a
reward, and we believe this meant the parrots viewed an incorrect choice as a genuine cost. A
lack of a cost for failure was one of the main reasons we believed many of the subjects failed in the
choice tasks in the PCTB. Additionally, it was not very costly for the subjects to switch choices
halfway through a trial in the novel trap-table task. Previous researchers had suggested that
subjects could not be bothered to walk around a trap-tube apparatus and chose to pull the rewards
in a different direction in the trap-tube, even if they recognised that they were about to make a
wrong choice (Liedtke et al., 2011). To get a reward they could just wait for the next trial rather
than improve their current choice. Low-cost of choice switching gets around this ‘sunk-cost’ fallacy
that many subjects appeared to show. In general, such subtle forms of psychometrics are often
ignored in animal cognition. This allows for bad apparatuses and methods to propagate and waste
researchers’ valuable time. We hope that the current investment in an optimised version of the
trap-tube (or trap-table) should mean that other researchers could use it directly and avoid having
multiple subjects failing to even learn how to use a single apparatus, and not being able to collect
any evidence on physical causal understanding from the transfer tasks. The specific elements that
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we changed in our trap-table, increasing the cost of failure and reducing the effort required for
choice switching, should be transferrable to all choice tasks in animal cognition tests. Furthermore,
it may serve to highlight that two-choice tests might in fact be a major problem in cognition testing,
as there is too much focus from subjects to ‘game the system’ of a two choice test, rather than
focus on the actual elements of the test that the experimenter aims at manipulating.
There were some additional observations we made that required for us to pause for
thought, but they were difficult to quantify. The first one was that these individuals had been in
captivity their whole life, and had been tested in an environment with solid flat surfaces a lot before.
Many of the parrots seemed to experience pleasure from dropping objects over the edge of flat
surfaces so that they would fall to the floor (something which many parrot owners also note). So in
a completely observational manner, they do appear to recognise the difference between ‘on a
surface’ and ‘off a surface’. However, this did not translate to the specific, and slightly more
abstract, experimental scenario that they faced. On the other hand, other observational evidence
within the experiment also suggested the subjects really struggled with the concept of a solid
surface. They would regularly try to look beneath the apparatus after the rewards had fallen into
the trap. This behaviour suggested that subjects were not understanding that if the reward holder
could be observed from above to have fallen into the trap, then it was not possible that it was
underneath the apparatus as well. Perhaps these two observations highlight the different
behavioural schemas the parrots are in when they have the opportunity to obtain a reward vs when
they are just playfully interacting with objects. For them, it might be worth looking for the reward
holder (and reward) underneath the apparatus because there is potentially something to gain and
the cost of this action is less than the possibility of missing the reward.
A final set of observations included the subjects’ behaviours on the first trials of the transfer
tasks. One example came from an individual, Baloo, that was particularly unable to make a
decision based on mechanistic information during the first transfer trial (see O’Neill, 2019 for a
video). Baloo repeatedly moved the reward holder between the two choices available to him (in
this instance both are holes, but one is blocked) and he was unable to choose which to slide the
reward holder into. One interesting aspect of this behaviour was the way he moved repeatedly
between the two choices, as if perhaps expecting them to change in the moments between moving
back and forth. The subject seemed to be aware of the visual appearance a trap should have
which would successfully allow the reward holder to pass over it, but was apparently not aware that
it would not randomly appear. In general, the birds were not able to make a new flexible decision
based on the properties of the available choices in front of them.
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5.3

Summary of Stone dropping

The aim of this experiment was to explore whether the macaws could use information about the
underlying mechanism of an apparatus to then innovate another way to activate the same
mechanism with a tool. This test provided a more direct way to assess whether a species can
understand causal mechanisms or whether they are only capable of learning direct causal
associations. As this experiment did not involve a choice task, many of the heuristic biases that
arose in the previous experiments were ruled out.
Almost all individuals of both macaw species were able to drop a stone tool onto a platform
to make it collapse and release a reward. Some individuals were able to do this at a stage of the
experiment where they could not have had any mechanical causal understanding of the
experimental apparatus, whilst others appeared to only be able to do this after they had been given
an experience with the collapsible properties of the platform in the apparatus. The divide was
almost entirely between the two macaw species tested, with Ara ambiguus mostly dropping stones
before the functional experience and Ara glaucogularis after the experience, with one individual
exception for each.
It was unexpected for any of the subjects to drop stones on the platform before being aware
of the functional properties of the apparatus. In previous studies with other species, with a near
identical protocol (von Bayern et al., 2009) or a similar one (Neilands et al., 2016), this did not
occur. It was therefore not initially clear how to interpret this result, and it also made the
interpretation of the subjects dropping stones after the functional experience trickier. For that
reason, there were three critical factors to be considered. First, why did some subjects drop
stones into the apparatus prior to getting any knowledge about its function? Second, if it is
possible to solve the task without knowledge of the mechanism, then how much can we be certain
that a subject is using understanding of causal mechanisms, obtained in the experience phase, to
solve the test? Finally, why was there such a difference between the two species, was this based
on differences in personality traits or causal understanding?
One of the reasons subjects may have succeeded in the pre-test is because they are more
explorative. Seven out of the eight subjects that succeeded at this stage were Ara ambiguus. We
found that the individuals of this species, compared to Ara glaucogularis, had a higher exploration
score (average duration of exploration) with the stone tools in all trials prior to their first success. In
contrast, the only Ara glaucogularis that succeeded in the pre-test had a fairly low exploration
score. However, this bird solved the task very rapidly (43 seconds into the first trial) thus it could
not invest much time exploring based on the measure we used. It is therefore not clear if this
individual was very lucky with how directed its ‘random’ exploration was, or whether its exploration

137

was not random and in fact the behaviour was quite directed. Indeed, many of the first-drop
behaviours in this ‘early success group’ seemed extremely directed, with subjects picking up
stones and placing them straight into the tube. This did not appear to be random exploration, so it
is very difficult to suggest exactly what the subjects’ mental representation of the task was at this
time. It may well have been that the subjects recognised that this was one of the very few things
that could be done with the apparatus, so they did it through exploration to see what would
happen. This suggests that this is just an extreme floor effect of the experiment when dealing with
curious individuals. If the only material available is a rock and a fixed big blue tube, the only
available behaviour is to put the rock into the tube. This, perhaps, should not have been a big
surprise. The only way to actually know why some of the parrots had differences in success would
have been to do an object exploration and combination task, which would have allowed us to
evaluate how driven these subjects were towards these behaviours. The standard protocol for this
consists in providing a subject with many colourful objects like sticks, hoops and balls which are
placed amongst a series of fixed pipes, sticks and tubes (Auersperg et al., 2015) with no specific
purpose or outcome for any combinations. This protocol would give us a much more genuine
exploration score to see if there were species and individual differences that perhaps drove the
success in the pre-test phase of the stone dropping experiment. Unfortunately, it did not make
much sense to do this exploration experiment once the stone dropping experiment has been done,
as these subjects will all now have prior experience that dropping objects into tubes is rewarding.
For this reason, it would be difficult to separate how much of this behaviour was learned and how
much was driven by exploration.
The second issue to query was that if it was possible for subjects to solve the task without
knowledge of the platform collapsing mechanism, how do we know that subjects that solved the
task after having the ‘platform-pushing experience’ actually used this experience to solve the task?
It could be that the platform-pushing experience served only to encourage the subjects to interact
with the apparatus more as during this experience phase they had learned that there were rewards
to be obtained from it. Awareness that the experiment can be solved without the platform-pushing
experience means that it must be considered that subjects did not necessarily use the information
from this experience when solving the experiment at any point. Therefore, the critical test phase
may have just been extra exploration time for the subjects, now with a renewed motivation to
explore from the platform pushing experience. This reduces the diagnostic power of the
experiment to give evidence for a subject using mechanistic causal understanding to find a solution
to the problem. Even with this considered, there was still vital information to be gleaned from the
data regarding the subjects’ learning process.
The follow up questions about the test are: how did the subjects acquire their behaviour?
Did the subjects learn a causal perspective of the task or did they simply learn an association of
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their actions (Le Pelley et al., 2017)? Did they learn the behaviour as: drop stone (cause) – walnut
released (effect) or did they just learn a more general, non-causal, association between the
location of stone placement and rewarding food? One key aspect is to look at how long it took the
subjects to complete the behaviour after their first successful stone drop. There are two plausible
options to consider. First, if the subjects followed a classical steady learning curve that is typical of
an operantly conditioned behaviour, then they required decreasingly less time over trials
(Thorndike, 1932). Second, if they had a rapid learning between the first and second trial that
would suggest the subjects had learned an immediate causal relation between dropping the stone
in the tube which made the rewards appear (Le Pelley et al., 2017). The data for each individual
does not obviously show either ‘rapid’ or ‘steady’ learning. Some individuals were very rapid to
drop a stone in their first successful trial, and continued to be rapid in every trial, so it was difficult
to know much about their learning as they were already completing the behaviour at optimum
speed from the first trial. Some individuals were slow in the first trial, but were fast in all following
trials. Some individuals were slow in the first trial and remained slow in many of the following early
trials. Nonetheless, by the later trials, all subjects were performing the stone dropping behaviour
rapidly. At the very least, the behaviour in the later trials shows that for some individuals, the
behaviour had been conditioned by the release of the reward, and therefore they all began to do it
as quick as the protocol allowed them to. However, the variability in behaviour between the first
few trials makes it difficult to specify how the subjects learned to repeat the behaviour successfully,
and it may well have been that different individuals did so differently. It is very possible that some
subjects had learned a causal link between their behaviour and the outcome, and others had
operantly-conditioned themselves to repeat the behaviour for a reward. Unfortunately, it is not
possible to know from the stone dropping data alone.
The other behavioural measure to look at is in what trials the subjects repeated the
behaviour. The subjects were considered to have failed a trial if they reached a timeout of 600
seconds before dropping a stone. Almost all of the subjects never failed a trial (i.e. reached this
timeout) after their first success; they were almost always able to replicate the successful
behaviour after doing it once. There were only four failed trials (each by a separate individual)
after an initial success. After all those failures, the subjects were immediately successful on the
first trial of the following session and never failed again. This behaviour strongly suggests that
subjects had an ‘egocentric’ understanding (understanding of the effects oneself has caused) of
which of their behaviours (dropping a stone) had produced the desired effect of releasing a reward.
They did not have to ‘rediscover’ and reinforce the behaviour for a second time and gradually learn
the action-reward relationship. We believe that this does provide some evidence that the subjects
had learned a causal relationship within this task.
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To delve a bit deeper into exactly what the subjects had learned, we decided to create a
transfer task that slightly changed some elements of the task to see how the subjects initially
responded. The first change involved moving the platform away from directly underneath the
vertical tube. This meant that objects dropped inside the tube would not automatically hit the
platform. We did this because we wanted to see if the subjects were able to recognize the
mechanism of the causal relationship in the task; that the objects they were dropping were coming
into contact with the platform. Thus, the change in the apparatus would force the subjects to not
just drop objects in, but to direct an object specifically at the platform. Because of this, we also had
to change the object that the subjects could insert into the apparatus. Only a stick could be
inserted and directed at a specific angle towards the platform to make it collapse.
Unfortunately, this transfer task was a slightly faulty solution. Two elements had to be
changed; the stone was replaced with a stick and the platform was moved away from directly
under the tube. Thus, when almost all the subjects were unable to succeed in this transfer task, it
was not clear which factor was critical in making the parrots performance worse. Observationally,
it was clear that the macaws struggled to handle the stick tools, which may have frustrated them
from trying to insert them into the tube. Additionally, the single subject that succeeded in using the
stick, Mowgli, required a lot of persistence before he could do it in a consistent manner. It is
possible that an early successful trial was a driver for him to persist trying in the task; he
succeeded on the second occasion he dropped the stick into the apparatus. It is interesting to note
that Charlie was the only other subject to attempt to place the stick into the tube more than once as
Charlie made the platform collapse on the first instance he dropped it into the tube. This suggests
that the subjects’ persistence may be driven by knowledge that the task could be solved and lead
to a reward, but they needed circumstantial evidence to show them this. The other subjects could
not work out that the task was solvable simply by looking at the apparatus; they could not create a
mental representation of how the stick tool could create contact with the platform. It is also
possible that they had not even recognized the importance of contact between a tool and the
platform as the causal factor that led to the platform to collapse. They probably only recognised
that dropping items into the tube was important, which suggests they had formed a low-level, nonmechanistic, account of the apparatuses’ function.
Mowgli’s singular success required a mix of serendipity, persistence and possibly more
complex understanding of the mechanism. First, he was lucky that an early drop of the stick
showed him that the problem-solving task was solvable. Second, he appeared to be especially
persistent, as the stick tool was difficult to handle and the only other individual in the same situation
(Charlie) gave up quite quickly, and furthermore the majority of the subjects trying the task gave up
extremely quickly. Finally, I believe it required him to develop an understanding of the mechanism
of the platform, since after trying on many occasions to drop the stick tool into the tube with no
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success, he had to learn to direct the stick towards the platform, though it appeared difficult. On
his later trials, he began to have less failed ‘stick dropping’ attempts between successful ones. He
appeared to develop a successful method to drop the stick at an angle so that it became directed
at the platform. Arguably, he had learned that contact with the platform was the necessary
mechanism to make it collapse. This interpretation would suggest that mechanistic causal
understanding can also be learned, which is not a new suggestion (Johnson and Ahn, 2017), but
still creates an interesting discussion. It shows how difficult it is to create a unifying theory of how
causal understanding works. It is relevant to talk about learned causal understanding and
compare it to causal relationships inferred by observing how mechanisms work. Nevertheless, it is
always worth remembering how aspects of cognition in any individual are always linked in a
complex network. So it should be worth noting that learning processes affect many aspects of
cognition, including an individual’s higher level causal reasoning about causal mechanisms.
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5.4

To what extent do parrots show causal understanding?

In the three chapters that constitute this thesis, we provided some evidence that macaws use
aspects of causal cognition to guide their behaviour. I will briefly summarise the evidence.
In the first chapter, the PCTB, there was no evidence to suggest any of the parrots made
choices in any of the tests about causal understanding based on causal inference. However, the
manner of testing likely encouraged them to use much more simple cognitive rules to obtain any of
the rewards in the whole battery. It seems unlikely that any of the tests actually provoked a
challenge that required any input from cognitive functions related to causal understanding. For this
reason, we also cannot say that the parrots are not capable of any form of causal understanding.
We had an absence of evidence, which is not evidence of absence of causal cognition.
In the trap-table task, we obtained some more compelling evidence to suggest that the
parrots were not prone to using mechanistic causal understanding to guide their behaviour
(Johnson and Ahn, 2017; Woodward, 2011). None of the subjects could spontaneously solve the
task; they all required a large number of trials to learn a successful solution. This suggests that the
subjects were not using an understanding of the trap-tables’ visible mechanisms to inform their
choices in the task, unlike human children (Seed and Call, 2014). Additionally, none of the
subjects could successfully solve all the transfer tasks we presented to them, unlike one rook
(Seed et al., 2006) and one chimpanzee (Seed et al., 2009) tested with comparative methods. This
result indicates that the macaws had also not learned anything about the functional mechanisms of
the apparatus when they were interacting with it. Judging from the ways the subjects interacted
with the transfer tasks, it is likely that they had learned some simple rules based on non-functional
visual cues of the apparatus, such as colours of the different ‘traps’, to inform their choices. For
this reason, we consider that the macaws either do not have the cognitive capacity to understand
the physical mechanisms that underlie the trap-table task, or they do not have a specific drive to
seek causal mechanisms in physical tasks. Nevertheless, in a choice task with minimal choices
such as this, arguably there is no point looking for the ‘complex’ mechanism behind the task,
especially if a heuristic such as ‘avoid the black trap’ works well. As the task was still a choice
task, even though it was modified to make it more costly if the subjects made wrong choices, some
of the problems we faced in the PCTB remained here as well. The parrots will use a simple rule if
it is available to them. Although this still raises the same ‘evidence of absence’ problem as the
PCTB, we did have evidence that the macaws were motivated to interact with the apparatus as
many could learn how to use it. For this reason, the results from this experiment are more reliable
in suggesting that macaws do not use mechanistic causal understanding when compared to the
PCTB.
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In the final experiment, the stone dropping task, almost all of the subjects of the two
species of macaws we tested were able to solve it. This required innovating the behaviour of
dropping a stone tool onto a platform to make it collapse and release the reward (von Bayern et al.,
2009). Half of the subjects initially solved the task through some form of exploration; the other half
may have initially succeeded based on a platform pushing experience phase that showed the
subjects the underlying mechanism of the task. Because the former group of birds were able to
solve the task without any knowledge of the underlying mechanisms, it made it difficult to interpret
whether the latter group of subjects were genuinely using an understanding of the causal
mechanisms of the task to solve it. They may have used similar cognitive skills to solve the task,
but just with different speeds. This interpretation difficulty was exacerbated by the fact that the
groups were split almost entirely by species, with seven out of eight Ara ambiguus solving the task
before the platform pushing experience, and seven out of eight Ara glaucogularis solving it after.
Thus, there may have been a genuine difference between the species’ cognitive capacities that we
were measuring.
All subjects were able to repeat the stone dropping behaviour consistently after their first
success, which suggests that they may have acquired a causal representation of exactly which of
their behaviours created the desired effect. However, all but one subject failed a transfer task in
which subjects had to use a stick tool in a specific angle to make the platform collapse. The
behaviour of this individual suggested that he understood the required causal mechanism of
contact between the tool and the platform to make it collapse. Nevertheless, he appeared to have
been the exception, and not the rule. Thus, it still seems fair to conclude that most of these
macaws do not show a specific desire to seek the underlying causal mechanisms of physical tasks.
In contrast, humans perhaps have a drive to seek underlying causal mechanisms behind
everything, for example I am sitting here pontificating at great length about the underlying causal
mechanisms that lead to the way parrots behave.
Overall, this final point seems to be a reasonable overall conclusion from the data that we
gathered. Macaws are not especially driven to seek causal mechanisms. It is possible that they
have no selective pressure to do so. It could be that they have the cognitive capacity for complex
cognitive representations of causal mechanisms, but because they do not have the drive to seek
them, they very rarely find them.
I personally believe that the most pertinent discussion point when considering macaws’
physical cognition is their capacity for destruction that makes them extremely powerful and efficient
extractive foragers. Macaws have huge, destructive beaks. They are capable of breaking open
almost every food they encounter in their environment; they are voracious seed predators (BañosVillalba et al., 2017a; Collar et al., 2019b, 2019a; Tella et al., 2015b). Toxins in unripe fruits do not
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appear to negatively affect them (Gilardi and Toft, 2012) and they do not care if they drop and
waste many of the food resources they are tackling (Sebastián-González et al., 2019). They are
also capable of flying long distances between many resources in their environment. Essentially,
parrots are the terminator when it comes to eating fruits, seeds and nuts. They are capable of
biting through all flora in their pathway. From this perspective, what is the point of macaws
considering anything more complex than ‘seek and destroy’ when it comes to objects in their
physical environment? They have the physical capacity to do this, so they should. Taking the time
and effort to consider any more complex causal understanding of factors in their environment, such
as how dropping a nut to the ground might also smash it open and allow them to eat the contents,
would be a waste of time. From their point of view they can eat everything they want, so it is likely
that those with a greater appetite to do so have been positively selected. Because macaws do not
have a necessity to cogitate on mental representations of physical interactions in their
environment, then they simply do not do it.
The macaws were often capable of destroying every apparatus that we built for them. This
was their first ‘go to’ method of exploring any new object, and it was often successful. They were
very capable of finding any small weakness in a material and ripping it open. Arguably, this kind of
behaviour is what might drive macaws’ physical understanding of the world. It would be good to
utilise this drive for breaking and opening objects to see if they have a physical understanding
about hardness of materials, and whether or not they have a mental representation of what kinds
of materials they can break open with their beaks. Furthermore, do they have a representation of
what kind of objects are worth opening, specifically in regards to weight? Do they recognize that if
comparing two objects that potentially contain food, and one is heavier than the other, then the
heavy one is more likely to contain something? It is possible that macaws’ understanding of object
properties is limited to the specialised domains that correlate with their typical genus specific
activities; choosing and breaking open nut and fruit type objects.

5.5

Psychometrics in causal cognition tests

For a test to be of good quality it needs to measure what you intended it to measure. If I want to
‘measure’ an animal’s capacity to use causal cognition, then a test that I give it should measure the
animals’ capacity to use causal cognition! If all of the tests that I completed were genuinely
measuring this capacity, then we would expect that all of the different tests would give a unified
answer, as they were all truly measuring the same thing. To an extent, this did happen, with most
subjects only showing a capacity to learn inflexible solutions to the tests they were given, which
suggests they were not capable of using very advanced forms of causal cognition. However, this
connection between the results only shows that the experiments may have all measured a similar
thing, not that they all measured the correct thing. The experiments may have all equally provoked
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the subjects’ capacity for problem solving using learned heuristics, and this is why there was
reasonable consistency within the responses. Their capacity for causal understanding was never
motivated. There is evidence to suggest that non-cognitive factors, for example personality factors
such as boldness and persistence, are frequently the most predictive factors for an individual’s
success in many problem-solving tasks (see both Rowe and Healy, 2014 & Shaw and Schmelz,
2017 for review). This means that it is very possible that I have taken three years to complete
multiple rather indirect tests to measure macaws’ boldness and persistence levels and nothing
about causal understanding. Although this is a very negative perspective, it is important to
consider so that animal cognition can make genuine progression in testing quality. I believe there
are some improvements in testing to be made, which need more research to see their effects on
outcomes.
As I have already stated on multiple occasions above, two-choice tasks are likely to be one
of the biggest problems in animal cognition for not measuring the desired cognitive ability. A
personal example I often use to exhibit the poverty of thought devoted to two choice problems is
my difficulties in using the lift in our lab. The lift had two destinations: upstairs and downstairs;
floor 0 and floor 1. The frequency with which I would press the button for the floor that I was
already on, causing the lift doors to immediately reopen without moving, was far too high (daily). I
was assaulted with this two choice task multiple times on a daily basis for three years and my
performance did not improve, even though pressing the wrong button frustrated me greatly. This
data alone might suggest that I am incapable of learning the simplest cause and effect relationship
between the two buttons in the lift and the locations they would take me. I hope I would be able to
convince you that this is not true. There was little apparent purpose for me to seriously attend to
the detail of ‘which floor am I on’ so regularly, so I frequently did not pay attention and quite
mindlessly pressed one of the buttons. Although this is quite unmeasurable, I like to believe this is
the mental state that animals are frequently in when they are given a simple choice test.
It is not clear exactly how animals are often viewing choice tasks, but it is clear that choice
tasks are too easily ‘gamed’ (low effort, effective, heuristics discovered) for there to be any purpose
for animal subjects to seek more complex information to guide their choices. In many choice tasks,
the only trial that gives true diagnostic information about any form of cognition, other than learning,
is the first trial. Trials beyond this are too influenced by learning based on experience from the
previous trials, which is how simple, effective, learned rules develop. For example, if I were to
have built ten different trap tubes, each with a different visual and spatial configuration, and gave
subjects just one trial with each one, then I would be able to rely that the results were not solely
based on learning abilities. Nevertheless, this hypothetical experiment would also have difficulties,
as you would need to be certain that your subjects are genuinely paying attention on every trial;
something that can be difficult when working with animals. A future experiment that needs to be
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done for the good of animal cognition is a comparative test to see exactly which factors in choice
tests lead to subjects using learned heuristic techniques and how choice tests can be made to
make subjects motivated to seek more complex information. For example, adding many more
choices than two will increase the number of failures in a task if choices are picked randomly or
with a side bias heuristic. Ideally this should reduce the effectiveness of learned rules and thus
reduce their use. Reducing the number of trials per day may also help. If there is only one trial a
day, and this is the only opportunity to gain a large desirable reward per day, subjects will be
forced to seek ‘perfection’ in their choices, which might also encourage them to seek extra
information to guide their choices (in this case the ‘extra’ information available should have been
designed by the experimenter to be testing the targeted cognitive capacity). These factors that can
be modified in choice tests need to be formally tested to see if they do change the way testing
subjects react, and thus make ‘choice tests’ in animal cognition more reliable.
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6

Overall Conclusions

With this thesis I have contributed to the comparative cognition field by expanding established tests
to novel species. In the first chapter, the parrots did not appear to be motivated to interact with the
experiments in the primate cognition test battery. However, I hope it encourages others to
optimise testing protocols to improve reliability across the animal cognition field. Furthermore, I
hope that the development of the optimised trap-table, as shown in the second chapter, gives an
example for future studies about exactly how this optimisation process can be done and that
researchers see how useful it is to focus on improving methodologies. Finally, in the last chapter, I
have shown the innovative capacities of species in the Ara genus to use stone tools. In these
latter two chapters, the majority of the parrots did not display behaviours that would be typical of
individuals that are using complex causal understanding. Parrots represent a fascinating insight
into complex cognition in distantly related species to those that have been tested before, thus I
hope further experiments can be completed with more parrot species to give greater detail on their
cognitive evolution.
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