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Summary

While the study of cognitive skills within the phgal and social domains in primates is well
established, much less is known about these aliliti birds. Recent studies on corvids and
parrots discovered that they possess similar cogrskills as primates. Based on this, it was
the aim of my dissertation to contribute to a brattederstanding of the cognitive abilities of
corvids and parrots.

Within the physical domain studies of animal cogmithave focused on exclusion
abilities. | tested carrion crow€@rvus corone coronen a choice by exclusion experiment,
in which a reward was hidden underneath one ofdwas and the birds were only provided
with visual information about the empty cup. Onéiwdual was able to choose correctly,
while others showed local enhancement effectsietitted but empty cup. A follow-up
experiment controlling for the movement of the cepabled more birds to exclude the wrong
possibility.

Based on these findings | tested carrion crowscaiffr grey parrotsRsittacus
erithacug, and jackdawsGorvus monedulain a modified version of the cup lifting
experiment, in which two rewards were used and ygwiae full information about the food
location was provided to the birds. All three speghowed a strong local enhancement effect
by preferring the only or last manipulated cupgspective of whether it was baited or not.

Additionally, | tested African grey parrots in arference by exclusion task, in which
the correct cup could only be inferred but not @molsy excluding an empty one. One
individual was able to infer the food underneat ¢brrect cup and is therefore the first bird
in which this ability has been demonstrated.

Finally, | tested jackdaws in a transitive infereask on a computer touch screen.
After having been trained to a hierarchically ostesequence of five differently coloured

squares, the birds were presented with an unkn@ivroptwo non-adjacent colours. The



jackdaws were able to infer the relationship acicgydo the previously learnt hierarchical
order.

In summary, all three test species showed remaelagnitive skills that are
comparable to that of primates. However, there neaslear pattern with regard to different

cognitive abilities of corvids and parrots, rattegge individual differences appeared within

each species.



Zusammenfassung

Wahrend die kognitiven Fahigkeiten von Primatenauvim technischen als auch im
sozialen Bereich bereits gut erforscht sind, isthnelativ wenig Gber die Fahigkeiten von
Vogeln bekannt. In letzter Zeit gab es einige $ndlie zeigten, dass Vogel dhnliche
kognitive Fahigkeiten wie Primaten besitzen. Aufgiulessen, war es Ziel meiner
Dissertation zum besseren Verstandnis der kognithéhigkeiten vor allem von
Kréahenvdgeln und Papageien beizutragen.

Im Bereich der technischen Kognition steht oftnthésFahigkeit Entscheidungen
durch Ausschluss zu treffen, im Fokus von Untersagen. Ich testete Rabenkrah@woKvus
corone corongin einem solchen Experiment, in dem eine Belolgnumter einem von zwei
Bechern versteckt war und die Végel nur visuelfedmationen dartiber bekamen, welcher
Becher leer war. Ein Individuum wahlte korrekt, weid andere den Effekt der lokalen
Verstarkung zeigten, in dem sie den leeren, angatebBecher bevorzugten. In einem
Folgeexperiment, in dem die Bewegung der Bechetrélhert wurde, waren mehr Vogel im
Stande die falsche Mdglichkeit auszuschliel3en.

Basierend auf diesen Ergebnissen, testete ich Redien, GraupapageieRgjttacus
erithacug und Dohlen Corvus monedulan einem modifizierten Experiment, in dem zwei
Belohnungen verwendet wurden und die Vogel dieeviviformation Uber das Futterversteck
bekamen. Alle drei Arten zeigten einen starken lEfi®n lokaler Verstarkung, indem sie den
einzigen oder zuletzt manipulierten Becher bevaeaugunabhéangig davon ob dieser Futter
beeinhaltete oder nicht.

Zusatzlich testete ich Graupapageien in einem \¢érgur ,Folgerung durch
Ausschluss*, in dem der korrekte Becher nur durcii3folgerung und nicht durch
Vermeidung des leeren Bechers gewahlt werden kokimidndividuum war im Stande auf
den korrekten Becher zu schlie3en und ist damiedsde Vogel, bei dem diese Fahigkeit

nachgewiesen werden konnte.



Abschliel3end testete ich Dohlen an einem Compuitebeniihrungsempfindlichen
Bildschirm auf die Fahigkeit hin transitive Schlisdgerungen zu ziehen. Nachdem die Végel
eine hierarchische Folge von funf unterschiedlatbigen Quadraten gelernt hatten, wurden
sie im Test mit zwei nicht benachbarten Farben tonifert. Die Dohlen waren im Stande die
Beziehung gemal der vorher gelernten Reihenfolgelaiten.

Zusammenfassend ist zu sagen, dass alle dretgjeteé\rten bemerkenswerte
kognitive Fahigkeiten zeigten &hnlich denen vomaten. Allerdings gab es kein klares
Muster im Bezug auf unterschiedliche kognitive lgikiten von Krahenvégeln und
Papageien, vielmehr traten interessanterweise gnodéeduelle Unterschiede in allen Arten

auf.
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Chapter 1: Introduction

Animals that are fittest are those most likelydovsse, reproduce, and pass on their genes
(Darwin 1859). The fitness of many vertebratesnsrgly influenced by their highly
developed cognition and the ability to learn andpdOver the last decades different
cognitive and learning mechanisms, relevant tqthesical and social environment of an
organism have been revealed (for a review see Hirlgik and Hall 2008).

One mechanism which builds on these learning mesiman and is sometimes
considered the pinnacle of human intelligencehésability to reason. Reasoning offers high
levels of flexibility but in turn creates costs dodts complexity. Therefore, the ability of
animals to use reasoning and the adaptivenesssdmang have been hotly debated (Bird and
Emery 2009; Call 2004, 2006; Penn and Povinelli720®; Pepperberg 1999; Povinelli 2000;
Visalberghi and Tomasello 1998). One point thatespp to be certain, though, is that if any
animal species were able to use reasoning, thesklWwe amongst the most cognitively
advanced families, such as primates, canids, ataceorvids, or parrots. Therefore, the
present dissertation aims at furthering the knoggéedf the cognitive processes involved in
causal reasoning of two highly cognitive bird faes| corvid€Corvidaeand parrots
Psittacidae

First | will provide an overview of the learning of@nisms and types of reasoning
used by animals in general and birds in specifextNan account will be given of the
evidence showing physical compared to social cagnih corvids and parrots, followed by a
theoretical framework of the cognitive abilitiespliayed by these two families. This chapter

will conclude with an overview of the structure antént of the present thesis.
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L earning and reasoning

About a century ago the concept of animal intelligewas restricted to simple learning
mechanisms, several of which have been identifiacgertebrates. The simplest of these is
usually considered to be habituation, which referthe reduction or cessation of a reaction in
response to a particular stimulus without the presef a reward (Hinde 1970).

The effects of habituation diminish in a procedgedadishabituation when for an extended
period of time the stimulus is no longer presentkpatrick and Hall 2008).

A group of several learning mechanisms which asetan the receiving of rewards
in response to certain situations or actions srretl to as associative learning. One such
mechanism is classical conditioning which was filsscribed by Pavlov (1903, 1927).
Classical conditioning refers to learning basedhenformation of associative connections
between an innately positive stimulus and a nestmadulus. When the neutral stimulus
becomes associated with the positive stimulus pgated simultaneous presentation, the
reaction towards the neutral stimulus changes tiwhntae reaction that was previously only
shown towards the positive stimulus. Thus an aatioai is formed between a stimulus and
the receiving of a reward.

Another form of conditioning called operant or mshental conditioning (Thorndike
1911) refers to the formation of associations betwan action oneself performs and a
reward, rather than between a stimulus and a rewtagk the timely presentation of a reward
or punishment following an action leads to learrgositive or negative association
respectively. Operant conditioning is often tested conditioning chamber or Skinner box
(Skinner 1938) which automatically presents rewdotlewing an action such as a lever
press or peck on a pecking key or touchscreen.

If operant conditioning takes place outside a $tmgécl environment so that the
solution that leads to the reward is encounteredhayce, it is often referred to as trial and

error learning. Here, the animal learns about tieacteristics of the environment, may these
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be in the physical, social, or of any other domhingoincidentally directly experiencing the
effects of its own actions and classing the outcampositive or negative. In Thorndike’s
(1911) classical experiment demonstrating operandlitioning, for example, he locked cats
Felis silvestrisn a puzzle-box. The cats managed to escape fierhdx by trial and error
exploration. The positive outcome led the catsefmeat their previously discovered actions
when repeatedly presented with the same situafitith. time the actions leading to the
escape were performed very quickly and efficieddynonstrating that the cats had learnt a
solution to a problem which they had originally eactered by chance.

While these simple learning mechanisms are thes basimuch of the behaviour
changes we can observe in non-human animals assvelimans, later studies have shown a
steadily increasing interest in more advanced ¢mgmn({Jolly 1966; McGonigle and Chalmers
1977; Premack 1976). One form of learning whichdsfounded on simple associative
processes is said to be based on insight. Insgtefined as the solving of a novel problem
without the opportunity to use trial and error l@ag and, thus, to solve the problem by
purely internal reasoning and not by external evgtion (Kirkpatrick and Hall 2008). When
learning occurs based on solutions found througiyin this is referred to as insightful
learning (Reznikova 2007). For example, if a bildpugh insight, understands that it can
reach a reward by using a stick this discoverikedy to lead to the learning of the situation
and with that to the immediate use of the stickamparable future situation. In contrast,
observational causal learning describes the omppsiicess (Meltzoff et al. 2012). Here, the
observation of the causal relationships appearirige world leads to understanding and
insight. For example, if a bird observes that watex tube is raised by falling stones it might
at some point understand that it can use this ipteto float up a reward which was
previously unreachable.

Furthermore, insight can be considered a prerdqusi reasoning (Call 2004) which

enables the animal to draw conclusions based oaviiiéable information. As such, insight is
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the moment of realization of an abstract principleereas reasoning is the mental process
which uses insight. Given the many different situad in which reasoning can be applied
there are several different types of reasoning s@lareasoning, for example, explores cause
and effect relationships (Emery and Clayton 2004aWerghi and Tomasello 1998) such as
reasoning about the consequences of actions. Aagpecn of causal reasoning is inference
by exclusion which refers to the ability to dedud®rmation about one unavailable entity
from the available information of another entitya(l2006). Similarly, analogical reasoning
refers to the ability to make equivalence judgeméeatween different sets of stimuli (Pearce
2008; Taylor et al. 2009) such as transferringrétationship of one pair of stimuli onto
another pair.

Recent studies have provided evidence for theengst of both insight learning and
observational causal learning by showing that liegrmight be a prerequisite for insight
(Meltzoff et al. 2012; von Bayern et al. 2009) dhdt insight in turn can lead to learning
(Bugnyar et al. 2007; Emery and Clayton 2001). @espning seems to be directly linked to
insight, it appears somewhat arbitrary to drawrg ekear line between the concepts of
learning and reasoning and to view these as indigpenThe present thesis acknowledges the
interconnection between the two concepts and doeattempt to present them as separate.
When, hereatfter, referring to reasoning, the irgtklogical thought process is meant and
when referring to learning, a process of acquisittomeant, while always recognizing the
relationship between the two processes.

Whether animals are generally able to use insigitraasoning or whether this ability
is uniquely human has been hotly debated (Birdeaméery 2009; Call 2004, 2006; Penn and
Povinelli 2007a, b; Pepperberg 1999; Povinelli 2008alberghi and Tomasello 1998).
However, before any debate about the presencesenab of insight can be initiated, it is
necessary to exclude the possibility that a cettsk has been affected by low-level

mechanisms such as associative learning and loséihaulus enhancement. The strong effect
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that local enhancement can have on, for examplgs @anis familiarishas been
demonstrated by Erdéhegyi (2007). This study shalatllow-level mechanisms can in fact
be so strong that they can mask the cognitive padace that an animal might be able to
show on a complex task. Therefore, the considerati@ny possible low-level mechanisms
is particularly important when interpreting negatresults.

Nevertheless, the capability for reasoning was $iugigested in Great apes (Call 2004,
2006; Premack and Premack 1994). Call (2004),Xanmple, tested apes on a variety of cup-
lifting and tin-shaking tasks. The apes were abléntd the location of food based on
information about a location that did not contairy £ood. Similarly, several studies claim
that reasoning has also been shown in corvids @itlEmery 2009; Bugnyar 2007; Weir et
al. 2002) and parrots (Pepperberg 1999, 2006a).

In all of the above studies the animals had soraeipus experience with the
materials which were used in the task, even thahgbe materials were never before
combined and presented in the same way as theyduerg the task. Penn and Povinelli
(2007a) claim that the separate behavioural comperad this pre-experience could have
been acquired through associative learning infath@ above studies. Based on this they state
that the animals could have given the superficmdriession of using insight by simply putting
together components of information and skill iyt have previously learnt by trial and
error exploration. Furthermore, they claim that¢his no evidence to date that shows a non-
human animal using insight learning, and, on tlggeends, reject the hypothesis that non-
human animals are capable of operating on the bésgisight. Additionally, they state that
causal reasoning is so entwined with analogicalaeiag that it cannot be separated based on
experimental approaches.

In support of this argument Epstein (1984) repédad study by Koéhler (1925).
Kohler’s original data suggested insightful behaviof chimpanzeeBan troglodytess his

subjects were able to push a box into the corresitipn to be able to reach a banana
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suspended from the ceiling. Training pige@wumba liviato independently push a box and
peck a banana for food and by later combiningwweedkills in a test, Epstein showed that
what was interpreted as insight in the chimpanzee&l be based on previous experience and
associative learning. However, this does not necigsnean that the chimpanzees did not
use reasoning to solve the problem, but simplyithatalso possible to solve the problem
using methods other than reasoning. Given theahailevidence, it is impossible to
determine which mechanism was used by Kdéhler's phimaees.

Pre-experience with the relevant elements of tlwddy however, lays the grounds on
which reasoning is built. Thus, carefully desigh@tbw-up studies aimed at excluding the
possibility that the pre-experience which was regflifor solving the tasks provided in the
initial studies on animal reasoning was based sn@ative learning of the separate
components of the tasks. Hanus and Call (2011 )sahdauf and Call (2011) lend support to
the notion that reasoning is possible in non-huardamals by showing that causal
discriminations are achieved more easily than mtyitones. Both studies showed that Great
apes were much more successful at identifying @ target container when the
distinctive feature was weight rather than coléuwcording to Penn and Povinelli’'s (2007a)
hypothesis that any potential insight shown in aigms based directly on previous
associative learning, there should have been ferelifce in the speed of understanding
weight discriminations compared to colour discriatians. Thus, Schrauf and Call (2011)
and Hanus and Call’'s (2011) results suggest tleaapies have an internal representation of
the food and the fact that food has a certain welgimilarly, Taylor et al. (2009)
demonstrated both causal and analogical reasogisgdwing that New Caledonian crows
Corvus moneduloidesere able to transfer knowledge learnt on a tréye-task to a trap-table
task. As the birds had no previous experience anghof the parts of the manipulations
needed to solve the trap-table problem, the ugeesious associative learning can be

excluded.
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To conclude, the topic of whether insight has adgen demonstrated in animals is
hotly debated. However, recent studies lend steumgport to the idea that insight is indeed
possible in non-human animals. Areas of cognititiictv are likely to benefit from the ability
to reason are social and physical cognition. The section of this chapter will introduce
these concepts and explain how reasoning is helprdg in their interactions with their

physical surroundings and their interactions witieo members of their social group.

Reasoning in the physical and social domain
Within the broad field of comparative cognition thare different sub-domains, such as
physical and social cognition. While some animaisear to be masters within one particular
area, others tend to perform well on a whole rasfgasks. To date it is not clear whether the
performance within the separate domains is solepeddent on the immediate adaptive value
for that particular species or whether a more gan@ocess is in operation. The existence of
a general intelligence (g) has been suggestedatian previously known from the human
intelligence literature (Spearman 1904) and ontendly adopted for an animal model
(Banerjee et al. 2009; Galsworthy et al. 2002; Mbgt al. 2003; Plomin 2001; Reader et al.
2011). General intelligence defines the overadliigence of individuals within a species
across cognitive domains. Those species whoseithiils have a high g-score should
perform well on a whole range of cognitive tasks/uding social and physical cognition
tests. This should be relatively independent ofitliaediate ecological needs of the species.
One of these specific domains, physical cognitiefers to the knowledge of how the
physical world works (Shettleworth 2010). It contaa common sense understanding of
shapes, weight, movability of items, spatial logasi, and so on. This type of knowledge is
often referred to as ‘folk physics’ (Povinelli 2Q0fhd was examined with physical cognition
experiments testing food finding, tool use, meamdenderstanding, and spatial navigation

abilities. When attempting to understand how thgsmal world works and how its parts
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interact with each other, the ability to reasonidatly is invaluable. It enables an animal to
avoid lengthy trial and error learning every timeeav but conceptually similar problem is
encountered. In contrast, the animal would be &bjemp straight to the logical solution
without expending valuable energy or even riskiaglth and safety in exploration.

Therefore, it can be assumed that the ability &soa would be an advantageous and adaptive
trait in the physical domain.

Furthermore, social cognition is concerned wittsatial interactions and
relationships between individuals (Fitch et al. 0%hettleworth 2010). The importance of
this is particularly obvious in group-living aninrsauch as corvids or parrots. Birds that form
large groups are likely to profit from social leswg because it increases learning speed and
efficiency, and reduces foraging risks. This mehey benefit from learning based on the
observation of conspecifics rather than attemptinigarn everything by individual trial and
error learning. Furthermore, a prerequisite fougrbving is an understanding about group
dynamics, such as a hierarchical order of indivislua

The social intelligence hypothesis (Humphrey 19tdly 1966) states that social
cognition has developed as an adaptation for gliginy. Accordingly, social animals or
those that have been social in their recent exanatly past should be much better at using
social cognition than solitary animals. Howeverdate there have been two studies (Fiorito
and Scotto 1992; Wilkinson et al. 2010) that shos@clal learning in non-social species
suggesting that social learning might be based genaral ability to learn rather than on an
adaptation for group living. The social complexitypothesis (Balda and Kamil 1989; de
Waal and Tyack 2003) goes one step further byngtahiat the level of complexity within a
social network should reflect the extent of thecgg® cognitive abilities. There is evidence
showing that species with highly complex socialctures learn more efficiently and quickly
than closely related species with a less complebakstructure (Bond et al. 2003; Bond et al.

2010; Maclean et al. 2008). Despite the debatetatmexclusivity, social learning is
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unquestionably a very useful and important toolthase species that do have close social
bonds.

The ability to reason is likely to be of greaivantage when dealing with social
cognition problems. For example, animals need tetstand and remember the hierarchy
within their group. The ability to observe and urstend the social relationships of other
group members might enable an animal to inferws position, particularly in relation to
higher-ranking individuals, and to, thus avoid poily harmful hierarchy fights. Inferences
such as these are referred to as transitive inferé®ryant and Trabasso 1971).

Reasoning can be a useful tool not only in sele@sdicial incidences but also in
complex situations involving both manipulationgioé physical world and interactions with
social partners. Schmelz (2011), for example, skiolvat chimpanzees are able to infer that
other chimpanzees know about the physical proeofi¢heir environment, in this case about
food hidden under a slanted versus a flat board.

Reasoning has been proven to be a useful tootenactions with both the physical
and the social world. Accordingly, it seems likenight be a useful tool for those animals that
are cognitively advanced, despite its cost and ¢exity. Two such bird families are corvids
and parrots and the following section will elaberah their cognitive abilities and their

potential convergent evolution with Great apes.

Corvidsand parrots

Some decades ago the opinion of bird intelligenas Mss than favourable. Their cognitive
abilities were believed to be in no means compartbthose of mammals (Herrick 1924).
However, nowadays this unfortunate misconceptianldeen repeatedly and thoroughly
disproven. One reason for the belief that birdsawerequal to mammals might be the fact
that the bird brain is structurally very differdatm the mammalian brain. Today, it is known

that the cognitive abilities of birds are locatadlifferent brain regions than those of
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mammals but are qualitatively and quantitativelynparable (Emery 2006; Reiner et al.
2004).

Amongst the birds two families, corvids and parsitd out with respect to their
cognitive abilities (Emery and Clayton 2004). lctfahe abilities of the members of these
two families have been shown to be very comparaitet sometimes superior, to those of
even the most cognitively advanced mammals, thatGyges (Emery 2006). The process in
which these striking similarities are believed &vé evolved in these distantly related species
is referred to as convergent evolution. This mehascomparable or equal cognitive abilities
have developed in a parallel, analogue manner basedvironmental demands without
having a common route in a shared ancestor (Rya&)20

Support for the convergent evolution hypothesis thedmmense cognitive abilities
of birds has been found in the testing of numerbfierent paradigms and tasks in several
different corvid species. Carrion cro@®ervus corone coroneave demonstrated impressive
abilities such as refraining from immediate gratfion in exchange for a later, more desired
reward (Dufour et al. 2011; Wascher et al. 201 2a) @istinguishing between individuals
based on acoustic information (Wascher et al. 2D1ltkdaw€orvus monedulaave been
proven to be sensitive to social information anovslgreat capabilities in social learning
(Scheid et al. 2007; Schwab et al. 2008). New Gadizoh crows are known to have very
strong tool use abilities (e.g. Hunt 1996; Weiak2002; Weir and Kacelnik 2006) and have
been shown to perform well in causal and analogeadoning tasks (Taylor et al. 2009).
RavengCorvus coraxhave demonstrated competencies in a whole arregsk$ involving
social and physical cognition (Boeckle and Bugr3@it2; Bugnyar 2011; Heinrich 1995;
Schloegl et al. 2009). Bugnyar (2007) even clainisave found them capable of forming
theory-of-mind-like concepts suggesting a very Hegrel of insight.

Further striking evidence of the cognitive abibtief birds was derived from

experiments testing different parrot species. Kéestor notabilisfor example, have shown
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great physical cognition abilities, mastering every complex tasks innovatively using a
large variety of actions such as twisting, pullipgshing, and many more (Huber and Gajdon
2006; O'Hara et al. 2012). Furthermore, AfricanygrarrotsPsittacus erithacubave
demonstrated extraordinary cognitive abilities athbthe social and physical domain
(Pepperberg 1999, 2008; Peron et al. 2011). Toiorejust one example, the pioneer of Grey
parrot cognition research, Irene Pepperberg, shokatcer famous parrot Alex has even
developed numerical skills involving a zero-likencept (Pepperberg and Gordon 2005) and
addition abilities (Pepperberg 2012). Alex showrealability to form and reason about
abstract representations of, for example, quastiieggng represented by both words and
written letters (Pepperberg 2006a, b). This lengigert to the hypothesis that African grey
parrots are able to use reasoning.

To conclude, corvids and parrots have been showawe very advanced cognitive
skills. Several studies have even shown good itidita that reasoning in animals might be
possible. However, further studies are neededtenethese findings. The present thesis has
aimed at making a significant contribution towafitlsng these gaps and extending the base
of knowledge in this area. The following sectionl wemonstrate why this is so by explaining
the structure of the present dissertation anddiicong the major study questions and

hypotheses.

Aimsand structure of thisthess

The present thesis focused on the study of reagamibirds in general, and corvids and
parrots in particular. After the present brief oarew of the theoretical background of
reasoning and insight, the study presented in @h&paimed at solidifying the foundation of
knowledge underlying the study of reasoning inioarcrows. It, firstly, tested whether
carrion crows are able to succeed in making exaftugidgements. Secondly, it explored the

general effects of local enhancement and its effextexclusion performance tasks in
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particular. One of the findings was that local erdeanent had a striking effect on the
performance of the crows.

Previous studies on ravens, jackdaws, keas andafsfgrey parrots tested in a setup
directly comparable to that described in Chaptea@ shown different effects of local
enhancement (Schloegl et al. 2009; Schloegl 20&4rm&it et al. unpubl.). To determine the
differential influence local enhancement may hawdhe cognitive performance of the
different species, the study described in Chaptt8nded the local enhancement test
paradigm used with carrion crows in Chapter 2 ¢agaws and Grey parrots.

Chapter 4 aimed at clarifying which mechanism #yagas used by African grey
parrots when attempting to solve an exclusion téskdate most studies testing exclusion
performance in birds have not controlled for thegplaility that the task might be solved by
avoidance rather than causal reasoning. The stestyitbed in Chapter 4 was designed to
avoid this shortcoming and to answer the questiamhether Grey parrots are able to show
inference by exclusion.

While those corvid species that cache food haea lseown to be very proficient in
physical cognition tasks (Schloegl et al. 20093, jickdaw, a non-caching corvid species, has
encountered difficulties in, for example, exclustasks (Schloegl 2011). However, as
jackdaws are closely related to the other corvietss there is no reason to assume that their
general cognitive abilities and reasoning skills much lower than those found in their
relatives. Jackdaws have been shown to be pantigskansitive to social information and to
perform well in social learning tasks (Scheid e&l07; Schwab et al. 2008). Thus, the study
described in Chapter 5 examined the reasoningssHillackdaws in a task relevant for the
social domain rather than the physical domain rsiteve inference. As such, Chapter 5
aimed at taking the ecology of the test speciesantount when choosing the experimental

test paradigm.
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Finally, Chapter 6 presents a discussion of thia fir@dings and conclusions drawn
from the studies presented in Chapter 2 to 5, amokés them in the theoretical framework.

Implications of the current findings and futureeditions are discussed.
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Abstract

Recently, two corvid species, food-caching raversraon-caching jackdaws, have been
tested in an exclusion performance (EP) task. Whaeravens chose by exclusion, the
jackdaws did not. Thus, foraging behaviour mayafteP-abilities. To investigate this
possibility, another food-caching corvid speciég, tarrion croworvus corone corone

was tested in the same exclusion task. We hid twatr one of two cups and subsequently
lifted either both cups, or the baited or the urtdzbhcup. The crows were significantly above
chance when both cups were lifted or when onlybineed cup was lifted. When the empty
cup was lifted, we found considerable inter-indinatlvariation, with some birds having a
significant preference for the un-baited but matafmd cup. In a follow-up task, we always
provided the birds with the full information abdbe food location, but manipulated in which
order they saw the hiding or the removal of foadetestingly, they strongly preferred the
cup which was manipulated last, even if it did cmttain any food. Therefore we repeated
the first experiment but controlled for the movemefithe cups. In this case, more crows
found the food reliably in the un-baited conditid¥e conclude that carrion crows are able to
choose by exclusion, but local enhancement ha®agsinfluence on their performance and
may overshadow potential inferential abilities. Har, these findings support the

hypothesis that caching might be a key to exclusiarorvids.

Keywords

carrion crow; exclusion performance; local enharetwo-choice task; reasoning
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Introduction

Exclusion performance (EP) is defined as “seledtimegcorrect alternative by logically
excluding other potential alternatives” (Call 2006 test for this ability, a two choice task is
commonly used, in which the animal is confrontethwivo options, A and B. Then it is
informed that one option, say B, is incorrect (ue-baited). Two possible approaches can
lead to the correct choice of A. Either the induatlavoids the incorrect option and therefore,
its choice is only based on knowledge about B (&ust. 2008), or it is aware that option A
is correctbecauseB is not, i.e. that the food is in cup A becausis Bmpty. The latter
mechanism has been labelled “inference by excltig©@all 2004, 2006) or “reasoning by
exclusion” (Erdohegyi et al. 2007) and is presumablgnitively more demanding than the
first one.

Originally, EP has been discussed as a learnindgpamesm facilitating the acquisition
of language in humans (Dixon 1977; Markman and Wad®88) and therefore, many
language-trained animals have been tested. Sesdaophus californianugSchustermann
and Krieger 1984), bottlenose dolphihgrsiops truncatugHermann et al. 1984), do@anis
familiaris (Kaminski et al. 2004; Pilley and Reid 2011) andAdncan grey parroPsittacus
erithacus(Pepperberg 2006) had been trained to associataisabjects with verbal labels.
When confronted with a set of familiar objects ame new object, they matched the new
object with a new, unknown label. This suggeststtieir choice was based on the exclusion
of the known objects. Interestingly, they couldatsemorize and learn the meaning of these
new labels through exclusion (Bloom 2004; Markmad Abelev 2004; Fischer et al. 2004).

EP may not be restricted to vocal learning but rday facilitate the performance in
forced discrimination tasks. For instance, in aahigiy-to-sample (MTS) task, animals are
trained to match several objects as correct anerots incorrect. Finally, an already known
incorrect object is matched with a new object & & correct choice of the new object would

need to be based on exclusion. In such a task pamnree$an troglodyte¢Beran and
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Washburn 2002; Tomonaga 1993), sea lions (Kastdkahustermann 2002), dogs (Aust et
al. 2008) and pigeorBolumba livia(Aust et al. 2008; Clement and Zentall 2003) wadie

to match a new object via exclusion; additionallygons also showed EP in a similar non-
matching-to-sample task (Zentall et al. 1981).

In an influential study, Call (2004) devised a feodling task to test for exclusion.
This task cannot distinguish unequivocally betwerclusion based on true inference about
the correct option and exclusion based on avoidahtiee incorrect option (Paukner et al.
2009); still, it provides an easy-to-use tool tongare various species in an ecologically more
relevant context than the before-mentioned tesgdssin this task, an experimenter hid a
food reward in one of two boxes and then providedsubjects with different information by
opening either one or both boxes. Hence, when thielgontent of the un-baited box was
shown to the animals, they had to exclude thisdrakchoose the opposite box to find the
hidden food. The Great Apes (Call 2004) and sevamikeys (capuchin monke@ebus
apella(Paukner et al. 2006; Paukner et al. 2009; Satitatd Visalberghi 2008); Tonkean
macaquedlacaca tonkeanéPetit et al. 2005); and babodhapio hamadryas anubis
(Schmitt and Fischer 2009)) showed strong evidénictne ability to choose by exclusion,
whereas dogs (Brauer et al. 2006; Erdohegyi &04l7) are only able to do so under very
specific circumstances.

Taken together, a diverse range of species denav@dtEP in very different
experiments, but it is not clear if they show ER@ntain contexts only or if they can apply
this ability broadly across various contexts (Sefleet al. 2009a). The first case would be in
line with the “adaptive specialisation hypothesishich aims to explain the evolution of
intelligence in general and suggests that eachepegolved specific cognitive abilities in
adaptation to their socio-ecology (de Kort and @ay2006; Kamil 1987); the second case
would support the “general process view”, whichgmges a wider set of cognitive abilities as

a consequence of the evolution of large brainsi@sland Macphail 2001).
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When Schloegl et al. (2009b) conducted the abov#ioreed food-finding task in
birds, they found that ravei@orvus coraxbut not keasNestor notabiliswere able to choose
by exclusion. One might speculate that this findiegresents a cognitive difference between
two distantly related taxa (Hackett et al. 2008, footh groups are commonly assumed to
possess advanced levels of cognitive abilities (g8606). Alternatively, ecological
differences may explain the differences betweerloespecies, as ravens cache food and
pilfer the caches of others (Heinrich 1989), wheirezas do not cache at all. It had been
suggested that feeding ecology could affect thegeace of EP in corvids (Schloegl et al.
2009b), as cachers are frequently confronted witerpg, and consequently empty cache
sites; thus, the sight of an empty food locatiory inéorm a cacher about the fate of food that
had been present before, whereas the same mag trotebfor a non-caching species. This
argument is supported not only by the finding that-caching jackdawSorvus monedula
fail to show EP in the same test paradigm in wialens had been successful (Schloegl
2011), but also from another, unrelated foragirssf ia which jackdaws used information
about the absence of food differently than relatedd caching jays (Gould-Beierle 2000).

Thus, the currently available data support the &dagpecialisation hypothesis to
explain the prevalence of EP in corvids, but furtedies on more species are clearly
needed, as only one caching species has been sestad Carrion crowsJorvus corone
corong are closely related to ravens, possess a sisolaal organisation and do cache food,
although a bit more seasonal than ravens (Good986;1dos Anjos et al. 2009). Therefore,
this species is an ideal candidate for furtheriegidnd similar test set-ups to that used in
ravens and jackdaws seem to be feasible. We hadicted a series of experiments to test
the exclusion abilities of carrion crows. First, replicated the previous studies of Schloegl
and co-workers; this was followed by two follow-egperiments, in which we aimed to test

and to control for the effect of local enhancemantthis had been shown to mask exclusion
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abilities in dogs (Erdohegyi et al. 2007), We pogelil that the crows would perform similar

to ravens and choose by exclusion if caching mdged be linked to EP in corvids.

Experiment 1. cup-lifting

Methods

Subjects

Seven hand-raised carrion crows (four males, tfeales, aged 0.5 - 20 years old), which
were individually marked, participated in this stu@ihey were housed in outdoor aviaries at
the Konrad Lorenz Research Station in Griinau imtalpustria. Two crows lived together
as a pair in an aviary of approx. 14 with a height of 2.5 m and the other 5 lived tbget

with 2 not tested individuals in an aviary of apprd7 nf with an average height of 3 m.

Both aviaries had natural vegetation like smallnass grass and stones. Additionally, perches
were affixed and naturally occurring obstacles wodden walls provided hiding places. For
testing, the crows were separated individuallyne oompartment of the aviary (12 and 10

m?, respectively), which was open to all crows whehlreing tested. Although the test
compartment was not visually isolated, none ofsiiigjects was observed by other birds when

being tested. The birds were fed once in the mgraird tested in the late afternoon.

Material

A wooden platform (30 cm x 40 cm) was attachedeoaviary’s outer wire mesh boundary
in a height of 35 cm above ground; adjacent tarigther wooden platform (50 cm x 45 cm)
was attached on the inner wire mesh boundary aatree height, on which the birds were
able to sit during testing. Two identical plastiups (6.5 cm in diameter and 7.5 cm in height)
and a plastic platform (35 cm x 10 cm), which wa® fto move on the wooden platform,
were used to present the setup (see Fig. 1). Merdewas a piece of dried dog food, which

is preferred by the crows but not available duniogmal feeding.
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Figure 1: Basic test-set-up for all three experiteen

Procedure andiesign

All experiments were conducted between May ande®eiper 2009. The crows were
habituated to the apparatus before testing to aveighobic reactions during training and
testing.

Prior to testing all crows received a training ghesensure that they reliably choose
the baited cup when having seen were the rewarcigden. Here, the plastic platform was
positioned on the outer wooden platform, approxcrbCaway from the wire mesh. The
experimenter (E; S.M.) visibly placed a reward band then simultaneously positioned the
two cups on the platform in approx. 20 cm distainee each other, with one cup covering
the reward. The plastic platform was pushed toatine mesh to allow the crow to make a
choice by touching a cup with its beak. The chasgnwas lifted by E and the crow was
allowed to take the reward by itself or to seedh®ty cup. The position of the reward (left /
right) was semi-randomized, with the food on theaaide for not more than two
consecutive trials. The next trial started aftei2D0seconds when E had prepared the cups
again. The crows received daily sessions consisfitgn trials each. They had to choose the
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baited cup in at least eight out of ten trialswio tonsecutive sessions to advance to the test
phase.

In the test phase, the reward was hidden underwoeatiof the two cups below the
wooden platform and out of view of the birds. Thed was positioned randomly on the left
or on the right, with the exception that it was plaiced on the same side in more than two
consecutive trials. The plastic platform with thetcups was then placed on the wooden
platform in view but out of reach of the birds, app 10 cm away from the wire mesh. Then,
one of the following conditions was conducted:

Both E touched both cups with her hands simultaneolibd them to a height of
approx. 20 cm above the platform and then retuthedups to the starting position.

Baited E touched both cups but lifted the baited cup eolyhat the food could be
seen on the platform. During the presentation, iificoed to touch the un-baited cup.

Un-baited As before, but now the empty cup was lifted.

Control No cup was lifted but both cups were touched by E.

Each cue lasted for 5 seconds and E looked stralgdad throughout the trial to avoid
unintentional cueing. Then, E pushed forward tlesit platform towards the wire mesh to
allow the crow to make a choice; if it chose catlseét received the reward; if it chose
incorrectly, the empty cup was lifted. Followingstiprocedure, E removed the plastic
platform and the two cups from the wooden boardhavit lifting the non-chosen cup, and the
next trial began. The crows received 12 sessioitk,8trials per session, consisting of two

trials of each condition in randomized order.

Data analysis
All sessions were videotaped and later analysed tepe. Per trial, we measured whether the
bird chose the baited or the un-baited cup. Ashwce of a cup was unambiguous in any

case, we did not calculate an inter-observer riitiabf the data were not normally
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distributed, we applied non-parametric statise. tested for differences in percentage of
correct choices between the conditions using alRrén test. For post-hoc analysis we used
the Student-Newman-Keuls (SNK) method. The perforcean the first half and in the
second half of the experiment was compared usiimgg&tests or Wilcoxon tests, as
appropriate. To assess if the birds’ success diiesed from chance we used a Binomial
test. All tests were conducted two-tailed and akvha set to 0.05. Data analysis was

conducted using Sigma Plot 11.0 and SPSS 11.5 fioddWs.

Results

The crows received 40.0 £ 19.8 £ SD; range: 20 - 65) training-trials until they readltbe
criterion. In the test phase, the birds’ perforneadifered between the conditions (Friedman:
N = 7,4* = 17.294, df = 3, P < 0.001). Post-hoc analysesaied no significant difference
between the both and the baited condition (SNKhlvst baited: P > 0.05; Fig. 2), but the
birds were significantly better in these two coimhs than in the control and in the un-baited
condition (SNK: all comparisons: P < 0.05; Fig. ®)contrast, the control condition and the
un-baited condition did not differ significantlyoim each other (SNK: un-baited vs. control: P
> 0.05; Fig. 2). There was no significant improveter decline over the course of the
experiment in any condition (both: Wilcoxon: N =T7,= 3.0, P = 1.0; all other comparisons:

paired t-test: P 0.172).

39



100 - -+ | =

50 | - J .
. Il o]
] 60 - _‘_
.g J_
e
o [
o 40 - l l —
8 .

20 - l

0 T T T T 1
both baited un-baited  control

condition

Figure 2: Percentage of correct choices in exparirbend 3. The grey bars show the performancheottows
in experiment 1 and the white bars show their perémce in experiment 3. The horizontal line indésathe

chance level. The box plot shows the median anditpud he whiskers represent 10% and 90% ranges, do

indicate 5% and 95% range.

On an individual level, all birds selected the éditup on the majority of the trials in the
baited and in the both condition, with six of sewémls being significant in the both condition
(Binomial-test: for these six birds, all P < 0.08% seventh bird, P = 0.152); all birds
significantly preferred the baited cup in the béitendition (Binomial-test: all P < 0.002). In
the un-baited condition, one bird significantly fereed the baited cup (Binomial-test: P =
0.002), whereas two crows had a significant prefegdor the un-baited cup (Binomial-test:
both birds: P < 0.001). The other four birds wanecbance level (Binomial-test: all P >
0.152). In the control condition, all birds werearance level (Binomial-test: all P > 0.307;

Tab.1).
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Table 1: Individual performances of the crows ipesment 1 and 3, given in percentage correct esoic

Significant performances (according to a Binomést} are highlighted in bold.

individual both baited un-baited control

Exp. 1 Exp. 3 Exp. 1 Exp. 3 Exp. 1 Exp. 3 Exp.1 xpBE3

Baerchen 95.8 100.0 91.7 100.0 83.3 87.5 62.5 56.3
Peter 66.7 100.0 91.7 87.5 62.5 50.0 45.8 37.5
Hugo 91.7 93.8 87.5 100.0 45.8 31.3 45.8 43.8
Gabi 75.0 87.5 83.3 68.8 41.7 56.3 50.0 375
Klaus 100.0 100.0 100.0 100.0 125 75.0 45.8 37.5
Toeffel 95.8 100.0 100.0 100.0 8.3 87.5 41.7 43.8
Mate 91.7 - 87.5 - 66.7 - 41.7 -
Discussion

When the birds saw the food underneath one ofupe m the both and in the baited
condition, nearly all of them performed above clelevel. When only the un-baited cup was
lifted, however, only one bird chose the baited sigmificantly above chance. Thus, against
our predictions the crows performed worse tharrdélens. While four birds performed at
chance in the un-baited condition, the two rematiimds had a significant preference for the
manipulated, but un-baited cup. However, we foumdhmprovement or decline over the
course of the experiment. A similar preferencetiferlifted, but un-baited cup was found in
dogs (Erdohegyi et al. 2007). Apparently, localamdement through the movement of a cup
was a more salient cue for the dogs than the sigiiie empty cup. The influence of human
social cues or local enhancement on animals’ padoces in choice tasks is well known.
Apart from dogs, gorillasorilla gorilla (Peignot and Anderson 1999), chimpanzees (Itakura
et al. 1999), wolve€anis lupugViranyi et al. 2008), horsdsquus caballugKrueger et al.

2011) and goat€apra hircus(Kaminski et al. 2005) and at least two bird specravens
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(Schloegl et al. 2008a) and Clark’s nutcrackéusifraga columbiangTornick et al. 2010),
use touch cues or local enhancement to find hidiolesh in object-choice tasks.

The question arising is whether the susceptibititgnhancement in our experiment is
a result of the complexity of the EP task and tlespmed advanced cognitive abilities
required to solve it, or whether enhancement ireggrhas such an impact on carrion crows.
To answer this question, we ran a second experimewhich a reward was placed visibly
under both cups and then different manipulationsevperformed in full view of the birds.
Here, the reward was shown to them again and titleer éay back under the cup or taken
away. Additionally, a combination of both manipigat was performed with one of the
rewards shown to the bird and the other rewardntakeay, or vice versa. We predict that
under these circumstances, in which always tharftdkmation about the food location is
provided, the birds would be less distracted ballenhancement and would be able to

choose the baited cup in all conditions.

Experiment 2: object manipulation
Methods
Subjects

The seven birds from experiment 1 participatedhis test.

Material

The same setup as in experiment 1 was used.

Procedure

This test was conducted in direct succession ofitbieexperiment and without further

training trials. Now, two rewards were placed oa biloard visibly and were then covered

42



with the cups. Thus, both cups were now baitednTbee of the following manipulations
was performed in full view of the birds:

Show (S) With one hand E lifted one of the cups to a heajlapprox. 20 cm and with
the other hand she took the reward between heetiipg and clearly showed it to the bird.
After this, she laid the reward back on the sanstipm as before and covered it with the cup.

Take(T) As above, with the exception that the reward \a&srt away and put in E’s
pocket after having been shown to the bird.

Show & Take (ST) Now, both cups were lifted sequentially. The redvanderneath
the first cup was shown to the bird (identical 8hbw” manipulation), and the reward
underneath the second cup was lifted and put ip&ctket (identical to “Take”
manipulation).

Take & Show (TS) As above, but the two manipulations were conductedversed
order.

Each manipulation was performed slowly (approxe® snd E assured that the bird watched
the whole time. Then, the plastic platform was astorward and the bird was allowed to
make a choice. After the bird had made its chdloe plastic platform and the cups remained
on the board and a possibly remaining reward wasved in full view of the bird. The

crows received nine sessions, with eight trialsggsision, consisting of two trials of each
condition in randomized order. The cup (left ohtigand the order of manipulations (left or
right first) were randomly manipulated.

Note that in the condition S, both cups were baibed we were interested in how
often the birds would choose the cup that had besmpulated. Therefore, in the S condition
we scored whether the birds chose the manipulatedvehereas in the other conditions we

scored if they chose the baited cup.
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Data analysis

The birds’ choice was defined in the same way dkarfirst experiment. As the data were
normally distributed, we used a one-way repeateasomes ANOVA to test for differences
between conditions. For post-hoc analysis we use&tudent-Newman-Keuls (SNK)

method. To look for preferences for the manipulatdthe cups we used a paired t-test.

Results

The performance of the birds differed between domk (one-way repeated measures
ANOVA: Fg, 7= 8.379, P = 0.001, Fig.3a). In condition S, whtrefood was shown again,
the birds most frequently chose the manipulated euen though both cups contained food.
In condition T the birds again preferentially chdise manipulated cup, even though it did not
contain food. Consequently, they obtained foodiB@antly more often in condition S than in
condition T (SNK: P < 0.05). Similarly, they prefed the cup that was manipulated last when
two manipulations were performed, even when thelydsen the food being removed from
underneath the second cup. This resulted in tlis lsinoosing the baited cup significantly
more often in the TS condition than in the ST ctodi(SNK: P < 0.05). Consequently, as
the last manipulation appeared to be crucial, goifscant difference was found between
condition S and TS (SNK: P > 0.05) and betweend %ih (SNK: P > 0.05). Furthermore, the
birds’ performance was significantly better in 8ieondition than in the ST condition (SNK:

P < 0.05) and significantly worse in the T thatha TS condition (SNK: P < 0.05).

When combining the data of all four conditions, thews chose the last (or only) handled
cup significantly more often than the first (or omthed) cup (paired t-test: N =7, t = 3.395,

df = 6, P = 0.015, Fig.3h).
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Discussion
In contrast to our predictions, the birds did noda@se the baited cup reliably in all conditions.
They were highly affected by the manipulation tigioshe experimenter, and preferred the
last (or only) handled cup even if the food hadnoeenoved from there. This preference for
the ultimate object manipulated in a sequence afipudations is known as recency effect
(Pineno and Miller 2005) and has been found, anathers, in monkeys (Wright et al. 1985),
pigeons (Wright et al. 1985) as well as humans @€iher 1999). Although experiment 2 was
easier to solve than the previous experiment, @ottation of the food was never concealed,
the impulse to choose the last manipulated cupsivasger than the knowledge about the
food location itself. Interestingly, all individwsailvere equally affected and not only those two
individuals who had shown a strong effect of laa@hancement in experiment 1.

Since enhancement had such a strong effect in iexpetr 2, we suggest that

enhancement cues may have prevented the birdsctioosing by exclusion in the first
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experiment, i.e. in experiment 1 the birds may hew@erienced a conflict between making a
choice according to the observed action (enhancgroethe observed absence of the food
(exclusion); such a masking effect has been destipibeviously for dogs in a very similar
experiment (Erdéhegyi et al. 2007). These authagd to control for the movement of the
cups in a follow-up experiment, in which they pmsied a smaller, opaque cup covering the
food underneath one of the cups. Thereby, bothrreadteups could be lifted while the food
remained hidden. In this case, the dogs choseattieat cup when they had the choice
between nothing (underneath the empty cup) andchteenal cup (with the food underneath).
However, this setup does not exclude that the dugshave chosen the cup itself (i.e., as a
toy) rather than because it contained the foodo fdskdaws showed a strong susceptibility
to local enhancement in a similar setup; to corftbol possible preference for the cup (as in
the study on dogs), here two internal cups (onesparent, one opaque) were used (Schloegl
2011). Therefore in our next experiment, we repéidahis experiment to control for the
movement of the cups. In detail, two additional kenaups, transparent and opaque, were
used underneath the normal cups. Then, alwaysdxwéinnal cups were lifted and the amount
of information available in each condition was domsted through the combination (opaque
or transparent) of the smaller cups. We predidtatithe crows should base their choice on

exclusion, if their failure in experiment 1 had ésdl been due to a masking effect.

Experiment 3: cup-lifting with inner cups

Methods

Subjects

Six out of seven birds from experiment 1 and 2igigdted in this task. One bird, Mate,

refused to complete this task and was thereforkiéa&d from the analyses.
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Material

The birds were tested in the same test compartarehtvith the same test platform as in
experiment 1 and 2. In addition to the two cupsifexperiment 1 (external cups), four
smaller plastic cups (4 cm in diameter and 4 cimeiight), two of them laminated with dark

tape to make them opaque, were used in this test.

Procedure
The third experiment was conducted in direct susioesof experiment 2 again without any
further training trials. The procedure was the sa the first experiment with the
exception that under the external cups always twaller cups were placed and that both
external cups were lifted (and returned to the thpar each condition. The information about
the food location was given to the bird through¢benbination of the smaller cups used in
each condition. According to experiment 1, condisiovere performed as follows:

Both Two small transparent cups were used with a rewkacked under one of them.

Baited A small transparent and a small opaque cup werd, wgith a reward placed
under the transparent cup.

Un-baited As before, but with the exception that the rewaes hidden underneath
the small opaque cup.

Control Two small opaque cups were used with a rewardemdohderneath one of
them.
The crows received eight sessions with eight tpalssession, consisting of two trials of each
condition in randomized order; we reduced the nurobéials per condition because we

were interested in a spontaneous change in chettaviour.
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Data analysis

The birds’ choice was defined in the same way dkamrevious experiments. To test for
differences between conditions we used a one-wasated measures ANOVA. For post-hoc
analysis we used the Student-Newman-Keuls (SNKhatktTo compare the performances in
experiments 1 and 3, we used a two-way repeateduresaANOVA (excluding the subject

that participated in experiment 1 only) and Holnde tests (HS) for post-hoc analyses.

Results

The performance differed between the conditiong{@ay repeated measures ANOVAk
= 28.529; P < 0.001). Post-hoc analyses showedthiait experiment 1, the birds chose the
baited cup significantly more often in the both amthe baited condition than in the control
condition. (SNK: both vs. control: P < 0.05; baited control: P < 0.05). Importantly and in
contrast to experiment 1, the birds also seledtedorrect cup significantly more often in the
un-baited condition than in the control conditi@NK: un-baited vs. control: P < 0.05; Fig.
2). We found no significant difference betweenllbéh and the baited condition (SNK: both
vs. baited: P > 0.05), but the birds were more ss&ftil in the baited and in the both
condition than in the un-baited condition (SNK:ets. un-baited: P < 0.05; baited vs. un-
baited: P < 0.05). Overall, there was no changeatigble in the birds’ performance over the
course of the experiment in any condition (comarisf first and second half of the
experiment: both and baited-condition: Wilcoxors B.371; un-baited and control: paired t-
test: P> 0.638).

On an individual level all crows had a significanéference for the baited cup in the
both condition (Binomial-test: P < 0.004) and fmat of six birds had this preference also in
the baited condition (Binomial-test: for these fhieds, all P < 0.004, the sixth bird, P =
0.210). The crow with a significant preferencetfog baited cup in the un-baited condition in

experiment 1 kept its preference in experimenti@dBial-test: P = 0.004). Those two crows
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with a significant preference for the un-baited aughe un-baited condition of experiment 1
now switched to a preference for the baited cupdBiial-test: P = 0.004 and P = 0.077,
respectively), whereas those crows that where anaghlevel in experiment 1 continued to
do so in experiment 3 (Binomial-test: P > 0.210).chows performed on chance level in the
control condition (Binomial-test: all: P > 0.454af.1).

To compare the performance of the birds betweeerraxent 1 and 3, a two-way
repeated measures ANOVA was conducted. A signifiddference between the conditions
(Fs.47=45.447; P < 0.001), but neither between expearirhieand 3 (F47= 3.154, P = 0.136)
nor an interaction of both factorss(f; = 1.747, P = 0.200) could be found. Post-hoc aesly
(Holm-Sidak tests) revealed similar results as tbumexperiment 1, with no significant
difference between the both and the baited comd{tit5s: both vs. baited: P = 0.950; Fig. 2),
but these two conditions differed significantlyrfradhe control and the un-baited condition
(HS: both vs. control: P < 0.001; both vs. un-t@ife < 0.001; baited vs. control: P < 0.001;
baited vs. un-baited: P < 0.001; Fig. 2). In costireéhe control condition and the un-baited

condition did not differ significantly (HS: un-bad vs. control: P > 0.163; Fig. 2).

Discussion

In this third experiment, the birds again perforna¢d high level in the both and in the baited
condition. Although we found no significant diffeiee between experiment 1 and 3, the
birds’ performance in the un-baited condition iraged. This is mostly due to the
improvement of those two birds that had been imiteel the most by local enhancement in
the first experiment. Now, these two birds choselthited cup when the food was hidden
underneath the opaque cup and only the empty taamsipcup was visible. Additionally, we
could show that the improvement in the un-baitetdd@n was most likely not influenced by
learning, as we could not find a change betweeffitsteand the second half of the

experiment. Though, it seems as if local enhancéhmehovershadowed the crows’ ability to
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choose by exclusion in experiment 1. In comparisahe ravens, the carrion crows showed a

similar ability to choose by exclusion, but seerteele more sensitive to local enhancement.

General discussion
We here show that similar to ravens, jackdaws aa kalso carrion crows easily find hidden
food in a two-choice task if they had seen it befibrey made their choice (Schloegl et al.
2009b; Schloegl 2011). When only the informationwtithe empty cup was provided and
subjects would have to choose by exclusion, ong/lard went for the baited cup
spontaneously. This is in contrast to our findimggavens (Schloegl et al. 2009b), and in
contrast to our predictions. However, two othedbishowed a preference for the lifted, un-
baited cup; when we controlled for the movemerthefcups in experiment 3 they reversed
their preference and chose the correct, baitedTu.allowed the birds as a group to be
successful in the un-baited condition of experingruch a reversal was not found in a
previous study in jackdaws (Schloegl 2011); thdicgates that jackdaws and carrion crows
were both distracted by the manipulations, but ¢éxatusion abilities were masked in crows
only. While absence of evidence should not be réstdor evidence of absence, it is
nevertheless striking that the jackdaws did notestthe identical tasks that ravens and crows
mastered. At the very least this suggests thatimek — if capable of exclusion — rely less on
this ability than the other two, closely relatepesies.

Surprisingly, the strong enhancement effect was @vere pronounced in experiment
2, in which most birds were unable to inhibit thempulse to choose the cup handled last or
only, even if they had seen that nothing was urestim This strong effect of the
manipulation of the cups in experiment 2 is mdsalii to be explained by local enhancement
or an associative strategy: instead of associatiogp with the presence or the absence of
food, they may have associated the number of prasems of food with a cup. For instance,

in the T condition, the food was seen once unddnéa correct cup, whereas it was seen
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twice (at first presentation and at removal) atitte®rrect cup (Russell and Thompson 2003).
However, while this may explain the performancéhim S and the T condition, it fails to
explain the performance in the ST and TS conditions

Interestingly, the ravens’ susceptibility to thempaulation of the cups was less strong
than that of the crows (Schloegl et al. 2009b),clvhmhay be due to their prior experimental
experience. For the crows, the experiments desthibes were the first in which they were
directly tested by an experimenter in a two-cho&sk. In contrast, the ravens have
participated in a number of such choice tasks (#adilet al. 2008a, b) and were therefore
more experienced than the crows. For African geayqisPsittacus erithacug is known
that the experimental history of an individual abaffect its performance in a subsequent
experiment (Pepperberg 2007). Thus, different erpartal histories of crows and ravens
may have resulted in a stronger effect of the capipulation in the crows than in the ravens.

Until recently inference was believed to be the na@ism underlying the ability to
choose by exclusion. However, Paukner et al. (2608)Schmitt and Fischer (2009) showed
that other explanations are feasible. While intdeied possible that animals have a mental
representation of the food underneath the baitpdtbey could also use a lower level
cognitive function by simply avoiding the empty owufthout knowing anything about the
other cup. We cannot resolve which mechanismsrthescrelied on to solve the task, but the
high susceptible to low-level enhancement effegtgests that the birds may have been
guided by low-level perceptual mechanisms, thusinga&voidance the most likely
explanation for the successful solution of the t&skthermore, although we did not find a
significant learning effect in the un-baited coratt it was notable that most of the errors
occurred in the first half of the experiments. Thue cannot exclude a rapidly learned
avoidance of the empty cup.

Nevertheless, we can clearly demonstrate thatoracriows are capable of EP and

even though their performance was somewhat webkerthose of ravens and more strongly
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influenced by local enhancement, they performetebétan the keas and jackdaws. Taking
all these findings in consideration (Schloegl e2809b; Schloegl 2011), our results are in
line with the “adaptive specialisation hypotheg@@ Kort and Clayton 2006; Kamil 1987),
suggesting that different feeding ecologies mayelshaped the different performances in the
EP task. In contrast to jackdaws and keas, raveth€@ws are regularly faced with social
interactions related to caching including pilferiaagd re-caching (Bugnyar and Kotrschal
2002). This could also have led to an increasedvatoinal and attentional state during food-
finding experiments. Similarly, it has been progb#®at caching and non-caching species
may value and interpret information about the absai food differently and non-cachers
may be more inclined to return to empty cache sdese if the food had been replenished
(Gould-Beierle 2000). Thus, it appears likely tfesding ecology plays an important role for
the ability to choose by exclusion and more prégissaching might be a key for EP in
corvids.

However, another possible explanation for EP invsris the close phylogenetic
relationship to ravens. Exclusion abilities maydawmerged in corvids first after the split of
the ancestor of present day jackdaws from the émcekpresent-day ravens and crows. To
shed light on this issue, future studies needwestigate EP in other caching corvid species
that are more distantly related to crows and rawagewk in particular, of the only other non-
caching species beside jackdaws, the white-thraasegpie-jayCalocitta formosdde Kort
and Clayton 2006). Furthermore, future studies megrporate additional parrot species to
elucidate whether the performance of keas is reptatve for parrots.

We should keep in mind that apart from food-cacluogyids, also some non-caching
mammals like chimpanzees (Call 2004), dolphins ifiréem et al. 1984) and sea lions (Kastak
and Schustermann 2002) are able to use exclushurs, There need to be alternative
explanations why these animals possess these wegskills. Therefore caching as a key for

exclusion could only be conceivable in corvids@o f
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Abstract

Being attentive to the behaviour of others maydheaatageous to gain important information
e.g., on the location of food. Often, this is agbig through simple local enhancement.
However, this is not always beneficial, as it magmide cognitive abilities, with negative
consequences. Grey parrots and ravens have alsaadged in exclusion tasks, but carrion
crows do so only when controlling for local enhaneat, and jackdaws fail entirely.
Presently, we tested whether jackdaws would stiliffluenced by local enhancement in a
simple choice-task. We compared their performanitie those of Grey parrots. Since these
birds did not respond to enhancement in the exatusisk, we expected them also to be less
susceptible to enhancement here. In our taskspigaes of food were visibly hidden under
two cups. Then one cup was lifted, the reward vasva to the bird and was either laid back
underneath the cup or was removed. Alternativadh lbnanipulations were combined with
the first reward being shown to the bird and theoad one being removed or vice versa.
Surprisingly, both species had a preference fotasiehandled cup, irrespective of whether it
contained food or not. However, if the birds hadviot for ten seconds after the presentation,
the jackdaws performed better than the Grey parfatditionally, the delay improved the
performance of both species in conditions in whihreward was removed last and

deteriorated their performance in conditions inchhthe item was shown last.

Keywords

African grey parrots, jackdaws, local enhancemigvd;choice task, delay

* This abstract has been used for the applicatfaranous scientific conferences and might be pitdd in the

internet and/or the abstract book of the respeciivderences.
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Introduction
The term “enhancement” is commonly used to des@ibanimal’s attention to a site or an
object elicited by the presence of a conspecifitiigtsite or the manipulation of an object by
a demonstrator (Heyes et al. 2000). In the casecaf enhancement the animal is attracted
only to the object contacted by the demonstraterk@l 1995) whereas in the case of
stimulus enhancement attention is directed tolgéas of the same physical appearance
(Fritz et al. 2000). Enhancement is a powerful,syeiple social learning mechanism and may
facilitate the access to food resources (e.g.,Brtk Kotrschal 1999; Krueger et al. 2011;
Coleman and Mellgren 1997). This effect has bdastiiated repeatedly in studies on rats in
different contexts; Terkel (1995) found that youngck ratsRattus rattudearned to feed on
pine cones through local enhancement, as the yaisdollowed adults and continue to
gnaw on half- stripped cones that had been lethbgn. Similarly, Norway ratRattus
norvegicuspreferred food sites at which conspecifics hadrepteviously (Laland and
Plotkin 1991). Noteworthy, the enhanced attracessnof a specific location due to the
activity of a model is not restricted to intra-sgednteractions; for instance, several studies
showed that in a two-way object-choice task animaéd the experimenter’s touch of an
object as a reliable hint to choose that particatgect (Itakura and Tanaka 1998; Byrnit
2004; McKinley and Sambrook 2000; Tornick et al1@pD

However, local enhancement may not always be ba&akfas it may overshadow
advanced cognitive abilities. Such a masking effiect been detected in an exclusion
performance experiment conducted with dGgsis familiaris(Erdéhegyi et al. 2007) and
carrion crowsCorvus corone coron@Mikolasch et al. 2012): Here, food was hiddenme of
two boxes and the animals had to choose the blatte@fter an experimenter had lifted the
other box to show that it is empty. Surprisinghg tdogs and a subset of the crows
preferentially chose the manipulated but un-baitexl However, when controlling for the

manipulation of the boxes in a follow-up experim#rg animals were able to choose by
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exclusion. Erd6hegyi et al. argued that a set@fanchically ordered choice rules described
the dogs’ behaviour best, suggesting that reasdsyrexclusion is a lower-ranking strategy
than responding to the social cue (touching ofattre); similarly, we had suggested that local
enhancement had masked the crows’ ability to chbgsexclusion.

In contrast to crows and dogs, jackda®m@vus monedulavere not able to choose by
exclusion even under controlled test conditions vere similarly susceptible to the
manipulation of a cup (Schloegl 2011). In contrather species did not show a local
enhancement effect in similar exclusion performagqeeriments (chimpanzeBsan
troglodytes(Call 2004; Hill et al. 2011), bonob&an paniscusBornean orang-utari¥ongo
pygmaeugCall 2004), Sumatran orang-utadsngo abelii(Hill et al. 2011), capuchin
monkeysCebus apelldHeimbauer et al. 2012; Paukner et al. 2009; Sablzand Visalberghi
2008), olive baboonBapio hamadryas anub{&chmitt and Fischer 2009), ravebsrvus
corax keasNestor notabiligSchloegl et al. 2009), African grey parrétsittacus erithacus
(Schmidt et al. unpubl. data) and childiéomo sapiengHill et al. 2012)).

In the crow study mentioned above (Mikolasch eR@l2), we also investigated if
their reliance on local enhancement was a conseguathe cognitive burdens associated
with the exclusion performance task. To do so, wadacted a simple “object manipulation”
task in which the birds always received full infatmon about the location of the food; we
argued that if the crows had switched to an enharoéresponse because the task was (too)
complicated, they should now rely on the visuailgilable information about the presence of
the food instead. Here two cups were baited invighv of the birds; after the initial baiting,
one or both cups were manipulated by the experienevith one manipulation consisting of
again showing the food reward to the bird and lgyifback under the cup and the other
manipulation consisting of showing the reward ® Itird and taking it away. Surprisingly,
not only those individuals that were affected by thanipulation in the exclusion

performance test were influenced by local enhanogmet all individuals preferred the only
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or last handled cup, even if they had witnesseddh®val of the reward from this cup. Thus,
in this simple “object manipulation” task in whittre full information about the food location
was always provided, it was even more difficulttioe birds to inhibit the impulse to choose

the last manipulated cup.

Due to the surprising performance of the crowdig task, we were interested how
jackdaws, which were not able to solve the exclupierformance task and showed a strong
preference for the manipulated cup, and Grey parvatich evidently did not succumb to
local enhancement, would fare in the “object malaipon” task. In a follow-up experiment
we tested if the insertion of a time delay betweaa presentation and choice would have an
influence on the bird’s performance. This ideadsdd on the observation that a delay
between stimulus presentation and choice induagebpsColumba livig rhesus monkeys
Macaca mulatteand humans to switch from remembering the last itea serial list best to
remembering the first item in the list best (Wrightal. 1985). In consequence, a delay may
help our subjects in a similar way to inhibit artiad impulse to respond to the last object
manipulated.

Based on the results of the exclusion performaasistand the findings from the crow
study (Mikolasch et al., 2012), we predicted tin&t iost likely outcome of our first
experiment would be that, similar to their perfonoas in the exclusion performance tasks,
the jackdaws, but not the Grey parrots, would seaptible to the manipulation of the cups.
Alternatively, the Grey parrots may perform similartthe carrion crows and will -
independent of their behaviour in the exclusiorfqgrerance task and like the jackdaws -
succumb to the manipulation of the cups. For tlverse experiment, we predicted that the
incorporation of a delay between cup manipulatioth ehoice would allow the birds to

overcome their enhancement bias.
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Experiment 1. object manipulation

Methods

Subjects

Five hand-raised jackdaws (three males, two fefhalkethe age of two years participated in
this experiment. All birds had participated in theclusion performance experiment of
Schloegl (2011), in which the majority of them skeaina high susceptibility to local
enhancement. They were housed in a 6@atdoor aviary at the Konrad Lorenz Research
Station in Grinau im Almtal, Austria. The aviarynststed of two outdoor sections and five
smaller testing compartments, in which the subjeotdd be tested in visual isolation from
the other birds. Except for testing, the birds wiese to enter all sections of the aviary. The
two outdoor compartments contained natural gragetaéion, feeding platforms, nest boxes
and some perches. The indoor section had a gremehd and was equipped with some
perches. The main indoor compartment (approx. 3 and one of the smaller neighbouring
compartments (approx. 1.5m x 1m) were both equippddwooden platforms (approx. 40 x
70 cm and 30 x 60 cm, respectively; 1.5 m aboverd on which the tests took place. Both
platforms were adjacent to each other and conneistedgh a wire sliding door (open during
the entire experiment). When being tested, thewas sitting on the test platform in the main
compartment whereas the experimenter (E; S.M.)stagling in the neighbouring
compartment presenting the test on the correspgnadatform. The birds were fed in the
morning and in the afternoon with various kindgraits, grain, milk products and vegetables.
The jackdaws were tested in September 2009.

Additionally, seven Grey parrots (four males, thiemales), with different and often
not fully known histories and between approx. 7 ahd/ears old, were tested. Previously,
three of the birds had participated in a exclugierformance task, in which they showed no
susceptibility to local enhancement (Schmidt euapubl. data). They were all housed in an

indoor-outdoor aviary (3 x 5 m each) at a parretue centre in Vienna, Austria. The aviary
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was enriched with several perches, platforms aysl tbhe birds were fed with fruits in the
morning and seeds in the afternoon. For testirgptids were separated in a test
compartment (120 x 70 cm with 210 cm height) witthia aviary, in which the subjects were
visually isolated from the other birds through opagurtains. In this compartment they could
sit on a wooden platform (60 x 35 cm at a height23 cm) in front of a movable, wooden
platform (40 x 23 cm), which was hanging from tleding at the same height. The test setup
was presented on the movable platform. The Greyp{sawere tested between March and

June 2010.

Training

To ensure that the birds were aware that they teawsake a choice we placed one piece of
food (in case of the jackdaws a piece of dry catfdor the Grey parrots a piece of walnut or
a seed) visibly on the test platform (left/righbtdamized). Then two identical opaque plastic
cups (Grey parrots: 9 cm height and 8 cm diamgekdaws: 7.5 cm height and 6.5 cm
diameter) were placed simultaneously on the platf@pprox. 20 cm away from each other)
with one cup covering the reward. In the jackdavs,bird was allowed to approach the cups
as soon as E had removed her hands from the twbirtls themselves turned the cups and
retrieved the food. In the Grey parrots the movatdéform was pushed forward to allow the
bird to touch one cup with its beak, which was thi#¢ad by E so that the bird was able to eat
the food if choosing correctly. If a bird choseanectly, it was prevented from approaching
the second cup and the remaining food item was vethim view of the bird. The cups
remained on the board the whole time and the migktwas conducted in direct succession of
the previous one. All birds received one sessiaordpg with 10 trials each; to reach the test

phase they had to choose the baited cup in at8daistls in each of two consecutive sessions.
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Testing procedure

Two rewards were placed visibly and simultaneooslyhe wooden test platform and were
covered with the two opaque cups, so that eacwagpbaited. Then, one of the following
manipulations was performed, which were identioghbse described in Mikolasch et
al.(2012):

Show With one hand E lifted one of the cups to a hegjtdpprox. 20 cm and with the
other hand she took the reward between her firggeaind clearly showed it to the bird. After
this, she returned the reward back to the sameiosis before and covered it with the cup.

Take As above, with the exception that the reward wkertaway and put in E’s
pocket after having been shown to the bird.

Show & Take Now, both cups were lifted sequentially. The rewamderneath the
first cup was shown to the bird (identical3bowmanipulation), and the reward underneath
the second cup was lifted and put in E’'s pockedr(ictal toTakemanipulation).

Take & Show As above, but the two manipulations were condutedversed order.
Each manipulation was performed slowly (approxe&)sand E made sure that the bird was
attentive from the start of the manipulation anwtighout the procedure, meaning that the
bird looked at the set-up and the manipulationg dhoice procedure of the cups was
identical to the procedure in the training phase the location (left or right) and the order of
the manipulations were randomized. Each bird reckonly one session per day. In the
jackdaws each session consisted of six trials @onthhof nine sessions were given to the
birds. Initially, we expected different response3 aketrials, Showtrials and trials in which
both presentations would be presented. Howevediavaot expect different responses to
Take & ShowandShow & Takarials. Thus, we designed the task originally @sststing of
three conditions, and presenfBake & ShowandShow & Takérials to randomize the order
of manipulations within one condition. However vas found significant differences between

theTake & ShowandShow & Takerials (see below) in our initial tests with jaekuas, we
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changed the setup for the subsequent testing @stbg parrots. Thus, the Grey parrots
received nine sessions consisting of eight triatbw&ith each of the four conditions being

presented twice.

Analysis

All tests were videotaped for behaviour codingrate Given that in th&€howcondition both
cups were baited and therefore both cups would beea correct, we scored whether the
birds chose the manipulated cup. In all other comas we scored if the birds chose the baited
cup. A second observer, who was blind to the pwpdshe study, coded 10% of all trials to
calculate an inter-observer reliability using Cokdappa. Both coders agreed in 100% of the
trials (Cohen'sk = 1.0). As the data of the training phase didmeget the requirements for
parametric testing we used a Mann-Whitney-U testixk for differences between the
species. Test performance data (i.e. choice ofdu@pulated or baited cup, respectively)
were normally distributed and we compared the perémce in the different conditions and in
the two species by running a two-way repeated nmmeaANOVA, usingconditionas within-
subject factor andpeciesas between-subject factor. For post hoc analysessed the Holm-
Sidak test. For each condition we tested the peidioce against the hypothetical chance level
of 50% using a one-sample t-test. To see how dlfteirds chose the only or last
manipulated cup compared to the not or first maaied one, we combined the data of all
four conditions and calculated another one-samtsstt All tests were conducted two-tailed

with a = .05.
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Results

The jackdaws needed an average of 21.7 ti&ils<4.5; range = 20 to 30) and the Grey
parrots an average of 30.0 triaB(= 15.3; range = 20 to 60) to reach the trainintgigon,
which is not significant different from each othktann-Whitney test, U(7, 5) = 27.p=
A432.

In the test phase, the jackdaws chose the mangolutatp in conditiolshow t(4) =
12.67,p < .001, and the baited cup in conditibake & Showt(4) = 16.74p < .001,
significantly more often than expected by chandggn@as in conditiofiakethey chose the
un-baited cup significantly above chant{d) = -2.92 p = .043, and in conditioBhow &
Takethey did not prefer any cuf{d) = -1.47p = .216, (Figure 1). Similarly, the Grey parrots
also preferred the manipulated or the baited cuparconditionsShow t(6) = 10.84p < .001,
andTake & Showt(6) = 16.97p < .001; again like the jackdaws, they did not have
preference for any cup in conditi®@now & Taket(6) = -0.81,p = .448, but in contrast to
them, their preference for the un-baited cup indition Takefailed to reach significancgg)

=-2.06,p = .085, (see supplementary Table 1 for indivicaeaformance).
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Figure 1:Performance in percentage of correct choices irex@nt 1 across all four conditions. Grey bars
indicate the performance of the Grey parrots anilendars the performance of the jackdaws. Notelibét
cups were baited in tHghowcondition and we therefore plotted the choicehefinanipulated cup, whereas in
all other conditions we plotted the choice of tlaétdd cup. Significant differences between the @ (data
for both species pooled) are indicated by diffetetiers below the bars (post hoc Holm-Sidak ang)lys
Asterisks above the bars indicate a significarfediince from chance level (illustrated by the hamial line)
according to a one-sample t-test. The box plotsvdhe median and quartile. The whiskers represé#i and

90% range; dots indicate 5% and 95% range.

A two-way repeated measures ANOVA found a signiftadifference between tleonditions

F (3,30) = 65.10p < .001 (Figure 1, Table 1), but not between thespeciesF (1,30) =
0.016,p = .903, nor an interaction of both factdfs(3,30) = 0.65p = .592. Post-hoc analyses
showed that because of their preference for thapukated cup in th&akecondition, the

birds chose the reward in conditidakeless frequently than in conditié®how(p < .001),

even though in both conditions they had seen wloar@ was available. When two
manipulations were performedigke & ShowandShow & Takgthe birds preferred the cup
that was manipulated last, resulting in a signiftbabetter performance in thieake & Show
condition, in which the last action was showing fived, than in th&how & Takecondition,
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in which the food was taken away from the secomm(pw .001). As a consequence, the
birds also obtained a reward less frequently irctiritionShow & Takehan in the
conditionShow(p < .001) and they were significantly better in Trake & Shovthan in the
Takecondition p < .001). However, we found no significant diffeces between conditions
TakeandShow & Takdp = .122) and between the conditidBisowandTake & Showp =
.989). When combining the data of all four condipwe found that the jackdaw§}) =
8.38,p = .001, as well as the Grey parrd{s) = 9.22,p < .001, chose the only or last

manipulated cup significantly more often than tingt for untouched cup (Figure 2).

Table 1: Effect sizes and confidence interval fatistical comparisons of

experiment 1

95% CI
Effect sizer LL UL
Show — Take 0.91 43.71 73.87
Show — Show & Take 0.88 35.46 63.62
Show — Take & Show 0.02 -6.34 7.27
Take — Show & Take 0.26 -18.57 0.70
Take — Take & Show 0.86 -70.03 -46.62
Show & Take — Take & Show 0.83 -61.48 -36.67

Note:  CI = confidence interval; LL = lower limiJL = upper limit
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Figure 2: Percentage of choices for the only drri@nipulated cup or the not or first manipulatag across all
four conditions in experiment 1 (left panel) anghestment 2 (right panel). The grey bars show tivéopmance
of the Grey parrots and the white bars the perfoceaf the jackdaws. Asterisks above the bars atelia
significant difference from chance level (illustrdtby the horizontal line) according to a one-sanjést. The
box plots show the median and quartile. The whiskepresent 10% and 90% range; dots indicate 5989%%d

range.

Discussion

Both species were highly susceptible to the maaipn of the cups, and we found no clear
performance differences between Grey parrots arkdigvs. Moreover, our results match
those found in carrion crows, which also prefettelmanipulated cup, even if it did not
contain any food (Mikolasch et al. 2012). In sunrgrein our presumably simple
discriminatory task, local enhancement seems @ \mry potent trigger, so that the birds
were not able to abstain from choosing the manipdlaup. Therefore, it seems as if their
inhibitory control, which is the capability to supgs an immediate response in order to

permit a later response (Anderson 2003), was wehkerthe impulse to choose the
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manipulated cup. Whereas such a bias was expetthd jackdaws, it is surprising to find a
strong susceptibility in the Grey parrots.

Whereas the preference for the manipulated culparconditionsShowandTakecan
be explained by local enhancement alone, thissisfiitient to explain the birds’ choices in
theTake & ShowandShow & Takecondition, given that here both cups were mantgdla
However, the preference for the cup that had besmmpulated last is in accordance with a
recency effect (Pineno and Miller 2005) as foundtirdies of list learning (Shettleworth
2010). Here, subjects are most accurate in remengpiire last item of a list if they have to
recall the list shortly after its initial presentat. This effect, however, disappears after longer
intervals between presentation and recall and naagy &urn into a primacy effect, i.e. a most
accurate performance in remembering the first iiéthe list. Such effects have been found
in humans (Cornell and Bergstrom 1983; Knoedler9188right et al. 1985), rhesus monkeys
and pigeons (Wright et al. 1985).

The time delay required to shift away from a regegitect differed between the
species and ranged from ten seconds in pigeor® $e®nds in monkeys and 100 seconds in
humans (Wright et al. 1985). Thus, we reasonedaliabe delay between the end of
presentation and time of choice could allow the$io overcome the recency effect and may
even strengthen their inhibitory control to incrediseir choice accuracy. To test this, we
conducted a second experiment in which the martipukwere identical to those of the first
experiment, but we added a time delay before trashvere allowed to choose a cup. Based
on a previous study demonstrating relatively shtigntion spans in jackdaws (Scheid et al.
2007), we opted to use a ten second delay, whittfteisame that had been used for pigeons.

To make the test comparable, we used the same fbelthe Grey parrots.
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Experiment 2: object manipulation with delay

Methods

Subjects

Four jackdaws from experiment 1 participated. Wik fifth jackdaw refused to work, two
other individuals, which had not participated ie first task but were equally hand-raised and
two years old, started to work in this experimdaot etailed information see supplementary
material Table 1). Therefore, six jackdaws (thredes, three females) were tested in this

second experiment. The same seven Grey parrotséxperiment 1 participated.

Training
Only the two jackdaws that had not participateexperiment 1 were trained to choose
between the two cups; the training procedure wasstidal to the procedure used in

experiment 1.

Testing procedure

The procedure and conditions were the same agifirth experiment with the exception that
after the manipulations had been executed, E asedino touch both cups for ten seconds
while looking straight ahead. After this delay Eweved her hands and the birds were again

allowed to choose one cup.

Analysis

The inter-observer reliability of two coders for%a®f the trials was again at 100% agreement
(Cohen’sk = 1.0). The principal analysis was identical tpexment 1. In addition and to
compare the performances in the first and in ticersg experiment, we fitted a GLMM using
the GENLINMIXED procedure in SPSS 19™. The mode$ wanstructed with the binomial

variablechoiceas the response variate and identity of the stbgtandom term to account
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for repeated measurements. It contaioeadition speciesanddelayas fixed terms.
Additionally, we incorporated all possible two-wiayeractions and a three wagecies x
condition x delayinteraction. According to standard stepwise moe@uction procedures,
we sequentially deleted fixed terms in order ofrdasing significance, whereby the least
significant term was determined after each remetep (Galwey 2006; Garamszegi et al.
2009). Deletion of fixed terms continued until otdyms with a significance value below .1
remained. This was then considered the final mdgletluded terms were re-entered one by
one into the final model to confirm that they diat explain a significant part of the variation.
For each factor remaining in the final model, wkegkated pairwise post-hoc comparisons

using the sequential Sidak-procedure; terms welseregarded as being significantpf< .05.

Results

Experiment 2

The two new jackdaws both needed the minimum ofgeasions (20 trials) only to reach the
training criterion. Their test performance did detwiate from the other birds (see
supplementary material Table 1 for individual periance data), arguing against carry-over
or learning effects from experiment 1. Therefore,poled their data with those of the other
birds for the subsequent analysis.

As in the test phase of experiment 1, the jackdawese the manipulated cup in
conditionShow t(5) = 6.33,p <.001, and the baited cup in conditibake & Showt(5) =
7.68,p <.001, significantly more often than expectecchgnce. In contrast to experiment 1,
the jackdaws now chose the baited cup significaatilyve chance in conditi®dhow & Take
t(5) = 2.70,p = .043, and they chose at chance level in conditake t(5) = 1.17,p = 0.296,
(Figure 3). The Grey parrots showed a pattern ambd the jackdaws and were significantly
above chance in the conditioBlowt(6) = 3.65,p = .011,Take & Showt(6) = 4.36,p =

.005, andShow & Taket(6) = 4.80,p = .003, (Figure 3), and they were at chance levidle
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conditionTaket(6) = 0.11,p = .916, (see supplementary Table 1 for individual

performances).
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Figure 3: Performance in percentage of correctag®in experiment 2 across all four conditions.yGrars
indicate the performance of the Grey parrots anileidars the performance of the jackdaws. Notelib#t
cups were baited in tHghowcondition and we therefore plotted the choicehefinanipulated cup, whereas in
all other conditions we plotted the choice of tlaétdd cup. Significant differences between the @ (data
for both species pooled) are indicated by diffetetiers below the bars (post hoc Holm-Sidak anslys
Asterisks above the bars indicate a significarfedéince from chance level (illustrated by the hamial line)

according to a one-sample t-test. The box plotsvdhe median and quartile. The whiskers represé#i and

90% range; dots indicate 5% and 95% range.

As in experiment 1, a two-way repeated measures YA @vealed significant differences
between theonditions F (3,33) = 10.17p < .001, but now also between the tsgecies
with the jackdaws outperforming the Grey parrét$l,33) = 5.35p = .041 (Figure 3, Table
2). The interaction between both factors was ngniicant,F (3,33) = 1.44p = .248. Post
hoc analyses revealed that the birds chose thepuoiated cup in conditioBhow
significantly more often than the baited cup indition Take(p < .001), but there was no
difference compared to the conditidBlsow & Takdp = .083) andlake & Showp = .182).
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Additionally, the birds chose the baited cup sigaiftly more often in the conditiohake &
Showthan in the condition$ake(p < .001) andShow & Takdp = .003). Due to the
adjustment for multiple testing no difference wasedtable between conditidimkeand
Show & Takdp = .048). When combining the data of all four caiodis, we again found a
significant preference for the only or last mangtetl cup in the jackdawgb) = 4.33p <

.007, but not in the Grey parrot§) = 1.53,p =.172, (Figure 2).

Table 2: Effect sizes and confidence interval fatistical comparisons of

experiment 2

95% CI
Effect sizer LL UL
Show — Take 0.60 7.88 34.34
Show — Show & Take 0.38 0.46 19.58
Show — Take & Show 0.23 -17.15 3.29
Take — Show & Take 0.41 -25.06 1.96
Take — Take & Show 0.66 -42.06 -14.01
Show & Take — Take & Show 0.52 -27.94 -5.05

Note:  CI = confidence interval; LL = lower limitJL = upper limit

Comparison between experiment 1 and 2

The final model of the GLMM containembndition speciesas well as @ondition x delayand
acondition x speciemteraction (Table 3). The post-hoc analysis lfar fiactorcondition
revealed that no performance difference was ddikctetween the conditiofghowand

Take & Showp = .092), but the birds were more successful isglenditions than in the
conditionsTakeandShow & Takdall ps< .001); the lowest success rate was detectalthein

conditionTake in which the birds were even less successful ihdme conditiorShow &
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Take(p = .023). The jackdaws were more successful thaiGtiey parrots, even though the
factorspeciegnarginally failed to reach significance. As thespboc analysis of the
condition x specieteraction revealed, the superiority of the jaakd is mainly based on
their higher success rate in the condifi@ke & Showp < .001), whereas no species
difference could be found in any of the other ctinds (allps> .403). It seems that the
introduction of the delay did not alter the perfamoe of the birds (non-significance of the
factordelay), but the significantondition x delayinteraction and subsequent post-hoc
analysis show that a change in performance occuexesh though not uniformly in all
conditions; the delay improved the performanceathlspecies in the conditioshow &
TakeandTake(bothps< .001), but decreased the performance in theitonsl Show(p <
.001) andlake & Show{p =.001), and this decline in the conditibake & Showvas
particularly pronounced in the Grey parrots (FigyeEven though théelay x species
interaction was dropped from the final model, #rss worth to mention that the introduction
of the delay led to a drop in the overall succass of the Grey parrots from 71% in the first
experiment to 65% in the second experiment; inresitthe jackdaws’ performance

remained relatively stable (74% and 75%, respedglive
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Table 3: Full and final model of the GLMM to illuate the performance

differences in experiment 1 and 2.

Fixed terms df F p
Full model
Delay 1 0.383 0.536
Condition 3 58.509 <0.001
Species 1 2.880 0.090
Condition x delay 3 16.032 <0.001
Condition x species 3 2.801 0.039
Delay x species 1 0.913 0.340
Condition x delay x species 3 0.006 0.999
Final model
Condition 3 61.095 <0.001
Species 1 3.810 0.051
Condition x delay 3 15.832 <0.001
Condition x species 3 3.597 0.013

Discussion

In this experiment we found a difference betweentito species, with the jackdaws

outperforming the Grey parrots. On the first vidistis surprising given that the jackdaws are

still biased towards choosing the last manipulatgal whereas this bias disappeared in the

Grey parrots. However, the jackdaws were in padrcoore successful than the Grey parrots

in choosing the baited cup in the condititeke & Showwhich led to the higher overall

success rate of the jackdaws.
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Importantly, even though the jackdaws were moreeasgful than the Grey parrots,
this was not due to a performance increase afeeinthoduction of the delay on side of the
jackdaws, but to a marginal performance drop dfterdelay in the Grey parrots.
Furthermore, it becomes evident that the introductif the ten second delay led to a decrease
of the strength of the recency effect, which isdewiced by the finding that the success rate
increased in those conditions in which the lashseanipulation was a removal of the food
(conditionsTakeandShow & Takg However, at the same time, the birds’ preferdocéhe
only or last manipulated cup dropped in those domas in which the reward was only shown

or in which showing was the last manipulation s@emditionShowandTake & Show

General discussion

Even in our cognitively less demanding task, inaktthe full information about the food
location was always available, the birds were @file to choose the baited cup reliably in
some conditions. These findings support the restilkidikolasch et al. (2012), who found a
similar pattern in carrion crows, and the reporgohloegl (2011), who found that jackdaws
are highly susceptible to local enhancement. Againsprediction, we found a similar
influence of local enhancement in African grey p&srIn previous studies, Grey parrots
solved exclusion performance tasks without beistraicted by the manipulation of the cups
(Schmidt et al. unpubl. data; Mikolasch et al. 20&hd thus, we expected them to be more
successful than the jackdaws in the present task.

Additionally, we found a decline in the birds’ paminance in our second experiment
when a ten second delay was introduced, but irtteghg this effect was not equally
distributed across the conditions. While the bidse more likely to choose the not or first
manipulated cup in the conditio®howandTake & Showwhich led to a worse performance
in the latter condition, their performances in doaditionsTakeandShow & Take

significantly increased in the second experimergsémably, the delay strengthened the
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birds’ inhibitory control and thereby also choiazaracy, even though the jackdaws still
remained susceptible to local enhancement. Theafisengthened inhibitory control
facilitating the birds to choose the baited cumiaccordance not only with the results of the
Takeand theShow & Takecondition, but also with the decreased preferdocthe
manipulated cup in thBhowcondition after the introduction of the delay; ntiat in this
particular condition, both cups were baited anti@ae of the non-manipulated cup did not
have negative consequences. Furthermore, a siraalianncrease in distraction may have
played a role, which may also explain why the penfince decreased in tihake & Show
condition, particularly in the Grey parrots. We ktbabserve that in contrast to the jackdaws,
which remained focused on the cups during the dslaye of the Grey parrots apparently
lost attention and began to manipulate the woodkifiopm or one of the separation curtains.
Other birds tried to grab the correct, but stilt otireach cup during the delay, but then chose
the other cup once they were allowed to chooses iEhin line with recent findings from a
delay-of-gratification task, in which Grey parralisl not wait for up to five seconds to gain a
larger reward (Vick et al. 2010), but opted fomaad#ler, immediately available reward. An
alternative explanation for the birds’ change infgenance whether for the better or for the
worse, would be a weakened memory of the lastragtiioduced by the experimenter. This
may either be due to the delay itself or due tadliehing of both cups by the experimenter
during the delay. However, to achieve their inceglasuccess in theakeandShow & Take
conditions, the birds had to rely on the informatibey obtained during the manipulations
(i.e. the removal of the food). Thus, to apply #&ngument of a weakened memory, one needs
to assume that the birds remembered where theréondined and where not, but forgot the
order in which the experimenter’s actions occurfieaken together and given that Grey
parrots possess advanced cognitive abilities (Rbppe 1999, 2006; Mikolasch et al. 2011)

and reach stage 5 — object permanence (Peppeittar 897), it seems unlikely that their
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relatively weak performance in experiment 2 wastam an incapability to solve the task,
but rather on decreasing interest or attentiontdulee delay.

Interestingly, the influence of local enhancementle Grey parrots was more
pronounced in this presumably cognitively less daaiireg task than in the previous exclusion
performance tests (Schmidt et al. unpubl. datag. mhin difference between the tasks is the
visibility of the food during the cup-manipulatiolm. the exclusion performance test, the food
was hidden out of sight and the birds had not seeffood at all (when confronted with an
empty cup) or had seen it only once before theyatlaéir choice. Here, however, they saw
the food twice in each condition (during hiding atdhe second presentation). From an
associative point of view, it may be more diffictdtinhibit the choice of a pilfered cup than
to inhibit the choice of a cup that had always bespty. This is because the pilfered cup had
been associated with food before, whereas no ssdtition had been formed for the empty
cup. For instance, Russell and Thompson (2003)ddat 14-17 month old children, who
witnessed two toys being placed in two boxes, waoee likely to choose the box where an
experimenter removed the toy afterwards, insteatlebox that still contained a toy.
Additionally, this preference weakened over tingetheeir performance was significantly
better when they were asked to find the toy aflen@urs. The authors argued that this may
be due to an associative strategy, in which thiel @sisociated the box from which the toy
was removed with the availability of toys.

Taken all these findings together, we suggesthbtt species, jackdaws and Grey
parrots, were highly susceptible to the manipufatibthe cups. Similar to carrion crows
(Mikolasch et al. 2012), they chose the cup thatleen manipulated last, even if the food
had been removed from there. In contrast to thkusimn performance tasks, which were
solved successfully only by the Grey parrots andoydhe jackdaws (Schmidt et al. unpubl.
data; Schloegl 2011), we found only minor differenbetween both species in our object

manipulation task. However, we found that jackd@edormed better than the Grey parrots
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when they had to wait for ten seconds before cimgosine cup, which is mostly due to their
better performance in the conditidake & ShowBased on our observations of the Grey
parrots’ behaviour during the delay (see above)thivék that this difference is mainly
attributable to a decrease in interest or attergicdhe Grey parrots.

From a comparative point of view, it is interestiognote that the carrion crows
(Mikolasch et al. 2012) and the Grey parrots bottcambed to local enhancement in the
object manipulation task, whereas only the carcimws were similarly distracted by such
cues in the exclusion performance task (Mikolagdd.€2012; Schmidt et al. unpubl. data).
Thus, in the exclusion performance task, bottonpugezesses influenced the choices of Grey
parrots and carrion crows differently. In conseqagiow-level, bottom-up interferences may
have a larger impact on cognitive tests than preshoconsidered.

In summary, our study provides evidence for strand unexpected effects of presumably
cognitively simple mechanisms on test performamnvemeén large-brained, cognitively
advanced species and highlights the importancemsdidering low-level mechanisms during
experimental planning and analysis. Being attertovidis, negative results in cognitive tasks,
that are not due to an incapability of a specidddiis enhancement to local stimuli, may be

avoided.
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Supplementary material:

Table 1: Individual performances in percentageasfect choices in experiment 1 and 2 of jackdaws@rey

parrots (j = jackdaw; gp = Grey parrot; m = male;female).

Show Take Show & Take Take & Show

Individual Species  Sex

Exp.1 Exp.2  Exp.l Exp.2 Exp.1 Exp.2 Exp.1 Exp.2
Hollo ] f 100.0 80.0 27.8 60.0 55.6 80.0 100.0 000.
Leechmilk j m 83.3 80.0 27.8 50.0 33.3 70.0 100.0 0.07
Collins i m 88.9 60.0 50.0 70.0 33.3 70.0 100.0 .@00
Bengi j m 88.9 80.0 38.9 40.0 55.6 50.0 88.9 100.0
Udo i f 100.0 - 111 - 111 - 88.9 -
Ahab ] f - 70.0 - 60.0 - 50.0 - 80.0
Nincs j f - 90.0 - 50.0 - 60.0 - 100.0
Awisa ap f 100.0 66.7 16.7 44 .4 44.4 72.2 83.3 66.7
Kasi ap f 100.0 77.8 0.0 16.7 22.2 77.8 94.4 88.9
Rocky gp m 77.8 50.0 38.9 61.1 66.7 55.6 77.8 77.8
Leo ap m 88.9 94.4 38.9 72.2 38.9 55.6 88.9 77.8
Cocohan ap m 94.4 72.2 33.3 38.9 33.3 61.1 88.9 1 61.
Moritz ap m 77.8 55.6 61.1 66.7 61.1 66.7 94.4 50.0
Maja ap f 100.0 83.3 50.0 55.6 50.0 66.7 88.9 77.8
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Abstract

Exclusion allows the detection of hidden food wieenfronted with the choice between an
empty and a potentially baited food location. Hoareexclusion may be based on avoidance
of the empty location without drawing inferencesuithe presence of the food in the baited
location. So far, such inferences have been dematedtin the Great Apes only: after seeing
an experimenter eating one of two food types, wbiath had been hidden previously in two
boxes, the apes were able to choose the box tthabsttained the other food type. African
grey parrots are capable of exclusion, and we &esessed if they are capable of inference by
exclusion. In our task, two different but equalheferred food items were hidden in full view
of the bird under two opaque cups. Then, an exparier secretly removed one food type and
showed it to the bird. Similarly to the apes, onea seven parrots significantly preferred the
baited cup; control conditions rule out that it®icle was based on associative learning or the
use of olfactory cues. Thus, we conclude thate-tile apes — some grey parrots are able to

infer the location of a hidden food reward.

Keywords

African grey parrots, inference by exclusion, rewsg
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Introduction

Choice by exclusion is defined as “the ability &b the choice of a target on the rejection of
potential alternatives” (Schloegl 2011); for instapapes (Call 2004), monkeys (Hill et al.
2011; Sabbatini and Visalberghi 2008; Schmitt aisgter 2009; Petit et al. 2005), dogs
(Aust et al. 2008; Brauer et al. 2006; Erdohegylef007) and ravens (Schloegl et al. 2009)
selected the baited box in a two-choice procediitte two opaque boxes after they received
information about the empty box only. However, tiaisk can be solved by an avoidance of
the empty box rather than an inference about tvanekin the baited box. Only in a
chimpanzee study by Premack and Premack (1994itwassible to rule out avoidance of
the incorrect alternative. First, the experimehidran apple and a banana in two different
boxes in full view of the ape; subsequently themgfanzee was allowed to witness the
experimenter eating one of the fruits, which hadrbemoved secretly, and was thereupon
allowed to choose one box. Only one out of fivevitials was reliably able to choose the
still-baited box. This task was then replicatedwétl great ape species by Call (2006), who
found a similar degree of inter-individual diffecss. Thus, in general, great apes are able to
draw inferences by exclusion, but it seems to demaanding, not easy-to-solve task.
Nothing is known about “true” inferential reasoningsuch a food-finding task beyond the
great apes, as it has never been replicated witineape species. Recent data indicate that
African grey parrotsKsittacus erithacys who are well-known for their advanced cognitive
abilities (Pepperberg 1999), are able to choosexiclusion in the visible as well as in the
acoustic domain (Schmidt et al.). Therefore, weshested whether African grey parrots are
capable of ape-like true inferential reasoning,clitwill be important for our understanding

of the cognitive evolution of mammals and birds.
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Material and methods

The subjects were seven grey parrots (four mahesjsed in a parrot rescue centre in Vienna,
Austria. The birds were of different and often fiidly known history and were between
approx. 7 and 25 years old. They were housed tegeitith other not tested individuals in an
indoor — outdoor aviary (3 m x 5 m each) that wasched with several perches and toys.
Birds were fed with fruits in the morning and seadthe evening. Testing was conducted
between 9:00 and 13:00 h and each bird was testédual isolation (testing compartment:
120 cm x 70 cm and 210 cm height) on a fixed ptatf@60 cm x 35 cm at a height of 130
cm). The experimental setup consisted of two idahtbpaque cups (9 cm height and 8 cm
diameter) on a wooden, movable platform (40 cm xr23 hanging from the ceiling at the
same height but 15 cm away from the fixed platf¢sse Figure S1 in supplementary
material). Therefore, while the birds were posiidon the fixed platform, the experimenter
could present the setup out of their reach on tbealle platform and could push it within

their reach to allow them to choose.

Pre-tests

Choice training

This test was introduced to ensure that the bireievaware that they would have to make a
choice. One piece of food (e.g. a seed or a piesalmut, depending on known preferences
of the birds) was placed on the movable platforih @vered with an opaque cup.
Simultaneously, the second cup was placed on the g#atform at a distance of approx. 20
cm. Then, the platform was pushed forward to alloevbird to make a choice by touching a
cup with its beak and retrieve a food item if cotré®©ne session consisted of ten trials; the
training criterion to reach the next step was Gédtet correct on at least eight trials in two

consecutive sessions.
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Preference test

This test was introduced to ensure that the tedvymeance would not be influenced by food
preferences. We visibly placed two different fotains (the same as in the training)
simultaneously on the movable platform and covénedh with the two cups. Then, the bird
was allowed to choose and retrieve one food iteme. @osition of the food types was semi-
randomized with the stipulation that the same fype@ was not placed on the same side for
more than three consecutive trials. Two sessioms w@nducted, each consisting of ten trials.
Birds were advanced to the test if they did notxshgreference for one food type, i.e. did

not select one item more than 13 times over thes@gsions.

Tests
In the test phase these two equally preferred fieods were then placed simultaneously on

the movable platform and covered with the two cups:

Visible condition

Standing equidistantly between the cups and inviellv of the subjects, the experimenter
looked straight ahead, lifted the left cup, mar@ped the food, returned the cup, lifted the
right cup, manipulated the food and returned the @ne manipulation consisted of taking
the food, showing it to the bird and putting it kan the board. The other manipulation
consisted of taking the food, showing it to thelland removing it. The order of
manipulations was randomized, but no food type neagoved more than three times in a row
and no side remained baited in more than threeecoitise trials. Afterwards the bird was

allowed to make a choice and received the rewardritect or saw the empty cup if not.
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Invisible condition

This condition was identical to the visible conaiitj with the exception that after covering the
rewards with the cups an opaque barrier was plaeedeen the bird and the cups and the two
manipulations were performed behind this barriéen, the barrier was removed and the
experimenter showed the item she had taken awapuaritlinto her pocket. The birds first
received either the visible or the invisible comatit If the birds showed a significant
preference for the baited cup in the invisible d¢bad, two control conditions were

conducted.

Olfaction control
Behind the barrier, the experimenter hid one p@deod (per trial one of the two food types)
underneath one of the cups. Without any informagibout the food location the bird was

then allowed to choose one cup.

Association control

To test if the birds used the associative rule &tsvchoose the cup with the food type not
having been shown” we visibly placed the two fotinis on the board, covered them with
the cups and then took — in full view of the subjeane piece of food (of the same type as
one of the food items being hidden) out of the expenters’ pocket, showed it to the bird
and put it back in the pocket. Afterwards the buak allowed to choose. In all conditions, the
birds received three sessions with ten trials pssisn for a total of thirty trials in each
condition. Birds received only one session per tfagy bird left the testing area during

testing, the session was continued on the followlag (see supplementary material).
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Results

The parrots received 22.9 + 4.8 £ SD, range 20-30) trials of choice training. In the
preference test, no bird chose one food type niane 12 times (Binomial-tests:>P0.503).
In the test, the birds significantly preferred bated cup in the visible (One-Sample t-test: N

=7,df=6,t=7.772, P <0.001), but not in tim@sible condition (t = 1.430, P = 0.203;

Figure 1).
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Figure 1: Percentage of correct choices in théohsand invisible condition. The horizontal linalicates the

chance level. The box plot shows median and geartirhe whiskers represent 10% and 90% range, dots

indicates 5% and 95% range.

On an individual level, all birds selected the éditup in the majority of the trials in the
visible condition and three birds were significgrdbove chance level €0.043; Table 1
and supplementary results). In the invisible caadibne out of seven birds was significantly
above chance (Binomial-test: P = 0.005; all othees0.200; Table 1). The successful bird (a

female of approx. 13 years) chose at chance levéle olfaction and in the association
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control (Binomial-test: P = 0.856 in both caseshe& comparing her performance in the first
and last fifteen trials, we found no differencehe visible condition (McNemar-Test: N = 15,
P > 0.999) or in the olfaction (P = 0.625) and aggmn control (P = 0.508), but a significant

improvement in the invisible condition (P = 0.016).

Table 1: Individual performances given as percentsfgcorrect choices. Significant performances ¢aetiag to

a Binomial-test) are highlighted in bold (f = femaim = male).

individual sex visible invisible olfaction assoatat
Awisa f 70.0 76.7 46.7 56.7
Cocohan m 63.3 50.0 - -

Kasi f 63.3 60.0 - -

Leo m 60.0 53.3 - -

Maja f 76.7 46.7 - -

Moritz m 733 63.3 - -

Rocky m 66.7 43.3 - -
Discussion

Our study shows that African grey parrots can wséa information about the removed food
item not only to choose by exclusion based on armaid, but that they are capable of true
inferential reasoning. However, whereas severgkestdsolved the task when they could see
the experimenter’s actions, only one individual \ahte to solve the task when it had to infer
the outcome of the experimenter’s actions; stigse findings are in line with the inter-
individual differences found in the great apes (@804; Premack and Premack 1994). The
birds were clearly motivated to obtain the rewanten though side biases occurred (see
supplementary data). As they were highly atterdging never refrained from making a choice,
we are confident that the success of only a sibgtein the invisible condition is not due to
motivational issues; rather, it supports the assiomphat these inference tasks are not trivial

but cognitively demanding. Again, this result destoates substantial inter-individual
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differences in grey parrot cognitive performancegferberg 2007) and that the level of
performance depends on subtle differences betvests (Pepperberg 1999; Giret et al.
2010).

Importantly, the successful bird significantly inoped her performance only within
the invisible condition. This improvement does netessarily point to associative learning,
as the bird performed at chance level in the aationi control. We suggest that the
improvement is due to the fact that the bird ditla@mmprehend the relevance of the food
presentation in the beginning of the test. Thiglasisible in particular because this bird was
first tested in the invisible condition. Probaltlye bird needed a few trials to become
acquainted with the test. Thus, we suggest thatdind’s performance was not based on
learninginsteadof reasoning, but rather that the biedrned to reasomabout the

experimenter’s action to solve the task.
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Supplementary material:

Figure S1: Test-set-up

Material and methods

Subjects

Three of the birds (Awisa, Kasi and Leo) had pgéited previously in a visible and acoustic
exclusion task, in which only indirect informatiabout the location of a food reward was
provided.

Procedure

The experiment was conducted between Septenib&080 and Decembel"92010 and the
birds were tested five days a week (from Mondalyrtday), but not each bird participated on
each day.

During testing, the birds were free to leave thgeexnental area at any time. If a bird did so,
the session was terminated and continued on axfisitpday. However, this occurred only in

two sessions with two birds.
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During testing, the birds first received either Wble or the invisible condition first, and the
other condition second. The order in which eact t@ceived these conditions is shown in

Table S1. The control conditions were conducted las

Table S1: Order of test conditions for each subject

individual first condition second condition
Awisa invisible visible
Cocohan invisible visible

Kasi invisible visible

Leo visible invisible

Maja visible invisible

Moritz invisible visible

Rocky visible invisible
Results

The performance of the birds in the visible anditivésible condition cannot be explained by
a newly developed preference for any of the twalftypes as none of the birds chose one of
the two food types significantly above chance (€&2). However, two of the seven birds
showed a significant side bias in the visible ctadiand four of the seven birds showed a

significant bias in the invisible condition (Tal8&).

Table S2: Preference for one of the two food typehle two test conditions in percentage.

individual visible condition invisible condition
Awisa 60,0 46,7
Cocohan 53,3 50,0
Kasi 60,0 50,0
Leo 56,7 63,3
Maja 46,7 53,3
Moritz 46,7 50,0
Rocky 63,3 60,0
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Table S3: Percentage of trials each bird choséetheup (from the experimenters’ point of view)thre two test

conditions. Significant biases (according to a Bina-test) are highlighted in bold.

individual visible condition invisible condition
Awisa 40,0 66,7

Cocohan 40,0 6,7

Kasi 80,0 83,3

Leo 90,0 56,7

Maja 60,0 90,0

Moritz 50,0 73,3

Rocky 56,7 46,7
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Abstract

Transitive inference (TI) refers to the cognitivalidy to derive a hierarchical relationship
between items that have never been presented &ydetfore. Tl could be a useful tool for
individuals living in large social groups, as th@se confronted with an increasing number of
possible dyadic relationships between group membéreugh T, one could potentially
infer rank relationships between group membersthackby avoid costly direct agonistic
interactions. Jackdaws seem ideal candidatesttforethe ability of TI as they live in
relatively complex groups, in which such skills tbhe useful. We presently report the
results of jackdaws in a touch screen experimemted individuals were trained to memorise
an hierarchically ordered sequence of five difflsecoloured squares (A-E), which were
presented in four pairs consisting of two adjacehburs each (A/B, B/C, C/D, D/E). After
reaching the pre-defined criteria in each singlewopair in a time comparable to other
species, they were confronted with an unknown @iaiwo non-adjacent colours (e.g. B/D).
The birds were able to infer the relationship adoay to the previously learnt hierarchical

order by preferring B over D.

Keywords

corvids; hierarchy; jackdaws; touch screen; trarsinference

* This abstract has been used for the applicatfaranous scientific conferences and might be pitdd in the

internet and/or the abstract book of the respeciivderences.
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Introduction

Transitive inference (TI) refers to the abilityderive a hierarchical relationship between
items that have never been presented togetherebgfarareva and Wasserman 2006). For
instance, after learning that A is faster than B Bris faster than C, transitivity would be
demonstrated by inferring that A is faster tha s ability was regarded as a hallmark of
human cognition (Vasconcelos 2008), and had beggested to be based on logical
deductions (i.e. reasoning); furthermore it hadhbegued that language may be a necessary
requirement for TIl. This changed when Bryant anabaésso (1971) discovered that children
under the age of seven are capable of Tl in a mobaV test, whereas previous results of
verbal tests had indicated that Tl develops atraatdbe age of seven (Riley and Trabasso
1974). This suggests that language does not sebmadmecessary requirement for Tl. This
view was supported when McGonigle and Chalmers{)L8i&t showed Tl in a non-human
animals, the squirrel monkegaimiri sciureusFurther studies indicated that TI may be
based on simpler mechanisms than logical reasdpiggassociative strength models, for a
review see: Vasconcelos 2008). Today, two geneddilgrent types of models are used to
explain Tl. Relational models postulate that sulisjéarm a spatial array in which each item
has his own ordinal position (D'Amato 1991) andsThased on a comparison of the positions
of the stimuli. In contrast, associative modelstplage that Tl is based on a comparison of the
associative strengths of each of the two stimuligaompared (Terrace and McGonigle
1994; Wynne 1995). These associative strengthaayared when learning the hierarchy.

In non-verbal testing procedures, subjects arellyswained to a set of at least four
simultaneous discriminations presented as folldawd3, B>C, C>D and D>E, where X>Y
means that when both stimuli appear together ¥wsarded while Y is not. After having
learned the different pairs, even when presentedixed order, subjects are given a choice
between a novel pair B/D, which is then labelled bgair (Shettleworth 2010). Since the

inaugural study on squirrel monkeys, various offumially living species, such as rhesus
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monkeysMacaca mulattgTreichler and Van Tilburg 1996), chimpanz&as troglodytes
(Gillan 1981), ring-tailed lemursemur catta mongoose lemuiSulemur mongogMaclean,
Merritt, and Brannon 2008), raRattus norvegicu@Davis 1992; Roberts and Phelps 1994),
pigeonsColumba livia(Lazareva and Wasserman 2006; Steirn, WeaverZanthll 1995;
von Fersen, Wynne, and Delius 1991; Wynne 1997inZpKalinina, and Markina 1996),
hooded crow€orvus cornixLazareva et al. 2004; Zorina, Kalinina, and MagiL996),
pinyon jaysGymnorhinus cyanocephal@@ond, Kamil, and Balda 2003; Bond, Wei, and
Kamil 2010; Paz-y-Mino et al. 2004), western sgays Aphelocoma californicéBond,
Kamil, and Balda 2003; Bond, Wei, and Kamil 20X0ark’s nutcrackerdlucifraga
columbiana azure-winged magpi€3yanopica cyanu@Bond, Wei, and Kamil 2010), greylag
geeseéAnser ansefWeil3, Kehmeier, and Schloegl 2010), domestickc@iallus gallus
(Daisley, Vallortigara, and Regolin 2010) and didHish Astatotilapia burton{Grosenick,
Clement, and Fernald 200®ere shown to be able of Tl. However, whereasgelaumber
of species is actually capable of TI, there arted#hces in how fast they learn a linear
hierarchy and how complex (i.e. how many item®iitains) the hierarchy may be (for a
review see Vasconcelos 2008).

Tl may be a crucial cognitive tool for sociallyilng species. This idea is expressed in
the “social complexity hypothesis”, which predithtat living in large, social groups favours
the evolution of cognitive abilities (de Waal angatk 2003; Jolly 1966; Balda and Kamil
1989). Animals that live in such societies are taegh a variety of information about others
(e.g. about age, reproductive status, dominande,rasmich may change over time and needs
frequent updates. For determining one’s own placesocial network, an individual can
directly interact with all other members of the gpr just observe interactions among others
and draw conclusions from this and its own expeeenith a few of these individuals,
allowing to infer ones’ own position to others et of being forced to explore it repeatedly.

This may be achieved through TI (Seyfarth and Ch&0®3; Bond, Kamil, and Balda 2003).
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Paz-y-Mino and co-workers (2004) showed that pingys use Tl to predict their social rank
in relation to opponents after having observedratiions between these individuals only.
Similarly, cichlid fish are able to learn the rawmikfive neighbour fish (A-E) by only
observing encounters between them (Grosenick, Glerard Fernald 2007). Due to the
proposed linkage between Tl and sociality, Bond @ittagues (2003) compared pinyon
jays, which are highly social, with relatively nsoe€ial western scrub jays. Although both
species showed the capability of Tl, the pinyorsj@arned dyadic relationships more rapidly
and more accurately and showed a more robust mischa TI than the scrub jays.
Similarly, Maclean and colleagues (2008) found thghly social ring-tailed lemurs
outperformed the less social mongoose lemurs tasKs.

The jackdawCorvus monedul& one of the most social corvid species, whicadiin
colonies throughout their whole life and establ@ig-term pair bonds (Roell 1978;
Henderson, Hart, and Burke 2000). However, flock siaries seasonally and is mostly
dependent on food availability and quality (R6&V8). Therefore, jackdaws live within a
dynamic fission-fusion social system, where indinits may leave or join a group. Thus, Tl
should be of high value for jackdaws, making theeai candidates for such tests.

To do so, we decided to use a computerized tougles@rocedure and trained the
birds to a hierarchical sequence of five differgetbloured stimuli (A-E), similar to the
training procedure used by Lazareva and WasserB@f6). As test pair we used B/D,
because this is the only pair of non-adjacent dtimwvhich both stimuli have been equally
rewarded and not rewarded during training. Usingspavolving the first and last item in the
series (e.g. A and E in the current example) wowlidbe informative about Tl, as these
stimuli have always or never been rewarded duraiging and therefore could easily be
solved by the total number of responses ("end-aneffiect” Bryant and Trabasso 1971).
Based on the knowledge about Tl in other non-huamamals and the fact that it seems to be

linked to sociality, we would expect the jackdawhjch are known as highly social, to
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master this task and to be able to transitivelgritiie relationship between the two stimuli
according to their position in the previously lezdtrorder. Additionally, we expect the
jackdaws to learn the hierarchical list in a conapée time to other socially living species that

were tested under similar training conditions.

Methods
Subjects
Three hand-raised, female jackdaws (named Bruce,ddd Pronto) participated in this
experiment. At the beginning of testing, the bindse between one and two years old and
lived together with 15 other jackdaws at the Kontadenz Research Station in Griinau im
Almtal, Austria. Originally, ten jackdaws took pamtthe experiment, but seven of them
stopped to participate during the course of theystAll jackdaws were housed in a 66 m
outdoor aviary consisting of two outdoor sectiond five smaller indoor compartments,
which could be isolated visually from the othertpalhe outdoor parts had natural grass
vegetation, nest boxes, feeding platforms and gsrolihereas the indoor sections had gravel
stones on the ground and some perches. In theintiior compartment (approx. 3 X 2 m)
the computergchneider A4F@ninicomputer) was located and hidden behind a seathat
only the screen (15” infrared touch monitor: 30.83xcm) was accessible for the birds. They
could sit on a perch (54 cm long at a height o€ in a distance of approximately 10 cm to
the touch screen; dried cat food was used as reyatdch were gained from a small bowl
situated below the screen, between the perch ansictieen so that the birds had to lower their
heads to reach the reward.

Each bird received one session per day which |dstegeen approximately three and
15 minutes depending on the bird’s motivation. Bivgere tested in the morning before they
were fed with various kinds of fruits, grain, mpkoducts and vegetables. Water was

available ad libitum. The experiment was condutietdveen September 2008 and October
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2010. For logistical reasons, the three test ardsthree not tested birds were relocated to a
new aviary (3 m x 5 m) at the University of Viendastria in October 2009. The other
jackdaws were released to the wild. Test conditinriee new aviary, including the computer
box and touch screen, were comparable to the sef@pinau. Testing in Vienna was

resumed four months after the relocation and fallituation to the new environment.

Procedure
Initially, the birds were trained in groups of seendividuals to approach the touch screen
and peck once at the correct position on the sdregain a food reward. When a bird was
reliably pecking on the screen, further training &esting procedures took place in visual
isolation from the other individuals: after an midual was separated in the main indoor
compartment, the experimenter (E; S.M.) startegptbgram at the computer and moved
back to the rearmost corner of the compartmenlidavdahe test subject to approach the touch
screen. The bird was free to stop working on tlhiehoscreen at any time and to roam freely
in the compartment. When the bird did not touchsttreen for five minutes the session was
terminated, the bird was released to the othersaarelv session was started the next day.
When a bird had finished its session the screeretublack and the bird was also released to
the group. In the beginning of the experiment,ss®® consisted of 32 trials. During the
breeding seasons in 2009 and 2010, the birdsHestrmotivation nearly completely and
testing was paused for a few weeks. After the bngeskeason 2009, we started with sessions
of only eight trials to avoid over-taxing the birdsit already after two weeks we increased
the number to 16 trials. As this number of tria@sms to be optimal for the jackdaws we kept
this session length until the end of testing.

For the analysis, we always plotted 16 trials bkak, independent of the number of
trials within a session, to analyse whether thdsoreached the predefined criteria (see

below). When a session was terminated by the bitltimthe first few trials, we assumed that
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the birds are not motivated and the scores weraled; performance data was included in

the analysis only if at least eight trials had beempleted.

Training

In the training phase the birds were trained teeaainchical sequence of five different
coloured squares (A-E) (for a comparable testimggadure, see Lazareva & Wasserman
2006). For this purpose, two squares (each 6 cram)dwvere presented simultaneously as a
pair (e.g. A/B, B/C, C/D, D/E) on the screen. Ogaase was located on the left side of the
screen (from the left lower corner: 10 cm to thgitiand 11 cm to the upper edge) and the
other one on the right side (from the left lowerns: 20 cm to the right and 11 cm to the
upper edge) of the screen so that the two squaess Gvcm apart. As colours we chose blue
(RGB:0;0;255), red (RGB:255;0;0), green (RGB:0;295¢cyan (RGB:0;255;255), magenta
(RGB:255;0;255), yellow (RGB:255;255;0) and greys{®165;165;165) to have a maximal
discrimination for the human eye. To avoid an iaflae of the sequence of colours, we
assigned a unique colour sequence to each indiviflbe training was separated into four
different phases. In the first phase the individwaére confronted with the first pair (A/B)
only. Pecking A would be rewarded automatically aftdr an inter trial interval (ITI) of
three seconds the next trial begun. When the iacbatimulus B was pecked the screen
turned black, and the bird had to wait for thresosels before a correction trial begun. The
correction trials were repeated as long as thedardinued to peck the wrong stimulus.
When it pecked the correct one, the bird was agauarded and the next trial begun. In July
2009 the ITI for incorrect trials was extendeditoseconds and an acoustic feedback was
introduced in order to alleviate the training. Tbeation of the correct stimulus (left / right)
was randomized. Only in a correction trial the silinvere presented on the same side until
the bird chose correct. The bird had to be coiireat least 13/16 trials without requiring a

correction trial over four consecutive blocks ts@m that the bird reliably pecked the correct
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stimulus. Then the bird was transferred to the pasise in which two pairs (A/B; B/C) were
then presented equally often and in a randomizeérpwith no pair being presented more
than three times in a row. This randomization was adopted in the following phases. In the
second phase, the bird had to learn that stimu)wghi2h was incorrect when presented
together with A, was correct when presented togetitb C. Again the criterion to reach the
next training step was to be correct in 13/16dr@ler four consecutive blocks with the
addition that the birds needed to be correct in@&fals within each pair over the last two
blocks, to ensure that not all errors occurredrnly one pair. In the third phase the third pair
was added, so that a block consisted of pairs Bf B/C and C/D. Criteria to reach the next
phase remained the same as in phase two. In thehlase, the fourth pair was added and the
birds were confronted with four different pairs BAB/C, C/D, D/E) within each block.

Again, the choice accuracy criterion was set td @ 2icross four consecutive blocks and

13/16 within each single colour pair across thekdo

Correction training

As new pairs were not trained separately but wdded to the already trained repertoire, we
introduced correction training (CT) from the secqmése onwards to simplify learning. A
bird was given CT when its choice accuracy in dieelbof the training was less than 50%
correct within a pair. A block of CT consisted @ ttials; in phase Il and 1ll, 75% (12 trials)
of the trials presented the low-performance paiphase 1V, 81.25% (13 trials) consisted of
this pair. The remaining 25% (4 trials) in phasand 11l and 18.75% (3 trials) in phase IV
presented the other pairs. From phase Il on, th@wer-represented pairs were equally often
presented in one block. A bird returned to the radrimaining procedure when its
performance in the low-performance pair was attl88%o correct across two consecutive
blocks (phase Il and Ill: 19/24; phase IV: 21/ZB)e CT was not considered for reaching the

criteria to advance to the next phase.
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Pre-test

When the birds mastered the criterion of trainingge 1V they were advanced to the pre-test
phase. This phase was conducted to acquaint ttie Wwith unrewarded trials, which became
necessary in the test (see below), and avoid aidrperformance. Therefore, the birds
received blocks of 16 trials in which four triatgye of each colour pair, were not rewarded
when pecking correctly. The required choice acoguta@dvance to the test was set to 75%
(12/16) correct over five consecutive blocks. Aatdtially, the birds needed to be correct in
15/20 trials (75%) within each single colour pairass the last five blocks. When not

reaching these criteria, the birds received furgitertesting.

Test

After passing the criteria of the pre-test the $incere advanced to the test phase. Here, the
birds received eight blocks of 16 trials, which sisted of 14 training trials and two test trials.
Training trials consisted of the four training [gafA/B, B/C, C/D, D/E), which were equally
distributed across the eight test blocks. Randaimizand feedback was the same as in the
training. The two test trials consisted of the fest (B/D) and were presented with at least
four and at most ten training pairs in betweercdntrast to the training trials the test trials
were unrewarded regardless of the birds’ choicerd@kwas neither a positive nor a negative

feedback for those trials.

Analysis

On an individual level, we first tested for diffaces between the different training phases by
using chi square tests; for each colour pair, vesl lBinomial tests to test for deviations from
chance level. As the data were normally distribuveel used one-sample t-tests to test if the

birds as a group deviated in their performance fobiance. To assess if the birds’
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performance changed during testing, we ran a Peaxsoelation. To evaluate the relative
associative strength of the stimuli B and D we @ialied the reward/non-reward ratiq By
dividing the number of trials a stimulus was reveatdN) through the number of trials a
stimulus was non-rewarded {\Nincluding all correction trials, correction tn&g and the
pre-test (Lazareva and Wasserman 2006). All teste wonducted two-tailed and alpha was

set to 0.05. Data analysis was conducted using &Rjiot 11.0.

Results

Training

The birds needed a mean of 7.33 £ 2.52 trainingksl@X + SD, range 5-10) to reach the
criterion in phase |, 20.33 + 6.35 blocks£ SD, range 13-24) in phase Il, 61.67 + 51.87
blocks (X = SD, range 18-119) in phase Il and 56.00 + 28.58k8d& + SD, range 39-89)

in phase IV. A Chi-square test revealed a signitichfference between the four phases for
each individual (Brucey” = 148.792, df = 3, P < 0.001; Udg:= 113.977, df = 3, P < 0.001;
Pronto:y” = 25.562, df = 3, P < 0.001, Fig. 1). There wasowsistent pattern in the number
of blocks the three birds needed to reach thermtten the different phases. All three birds at
least tended to learn the second pair slower thafirst pair ¢ tests: P< 0.059). In phase |l|
Bruce and Udo needed significantly longer thantiage Il to reach the criteriogf tests: B<
0.001), while there was no difference for Pronttween the two phasegz(test: P =0.355).

In phase IV finally, it was Udo and Pronto, whiakeded significantly more blocks than in
phase Ill to reach the criteriogf (tests: P< 0.004), whereas Bruce needed significantly less

blocks in phase IV than in phase Kf test: P < 0.001, Fig. 1).
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Figure 1: The number of blocks needed per birgé&zh criterion in each training phase.

Correction training

Within phase Il only Pronto needed a correctioming of seven blocks, while in phase llI
all three birds received a CT (Bruce: 14 blockspl8b blocks; Pronto: 31 blocks). In phase
IV again Udo and Pronto needed additional traimhthe new pair (Udo: 15 blocks; Pronto:

7 blocks).

Pre-test

All three jackdaws needed only the minimum of folecks to reach the criterion for the pre-
test phase. Within each block and in each colourgeaoss all blocks they were correct in at
least 75% of the trials (range: blocks: 12-16 $ri@ut of 16); colour pairs: 15-19 trials (out of

20)).
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Test

All three birds chose colour B significantly moriéem than colour D in the test phase
(Binomial test: Bruce: P < 0.021; Udo: P < 0.00grRo: P < 0.001, Fig. 2) so that the birds’
choice within the TI pair differed significantlydm chance (one-sample t-test: t = 7.201, df =
2, P =0.019). Pronto was correct on all 16 tesistrwhile Bruce made an error each in block
1, 2 and 7, and Udo made an error each in bloakd®8aln the non-transitive pairs, the birds
were significantly above chance in the end-anctening pairs across all eight test blocks
(one-sample t-test: A/B: t = 12.873, df =2, P 60®&; D/E: t = 7.133, df = 2, P = 0.019) while
they performed at chance level in the middle trajrpairs (one-sample t-test: B/C: t = 1.893,
df =2, P =0.199; C/D: t = 3.047, df = 2, P = B0Big.2). The deterioration in pair B/C is
due to the fact that Bruce and Udo did not perfeigmificantly above chance level (Binomial
test: both: P> 0.185, Pronto: P < 0.001). Failure to reach sigaifce in pair C/D is a
consequence of the individual performance of Udagcivwas again not significantly above
chance (Binomial test: P = 0.185, all others; ®036). However, Bruce and Udo were still
correct in more than 50% of the trials within eaetir. Also, the mean performance of the
birds did not increase or decrease over the cair®sting (Pearson: N =8, r=-0.338, P =
0.413). Finally, we calculated the reward/non-redvatio (R = N//Np) for stimulus B and D.
For all three birds, Rwas larger than R(Rg:Rp: Bruce: 3.24:0.54; Udo: 3.43:1.21; Pronto:

5.00:0.45).
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Discussion
Our study shows that the three tested jackdaws al@ecto infer the relationship of two non-
adjacent stimuli, which had never been presentgether before. As other socially living
animals, it seems that jackdaws possess the capabitransitively infer unknown
relationships. The subjects of several other stuldael been trained on the same five item
series, but comparisons are difficult because féémint training criteria and small differences
in the daily training regime (Gillan 1981; Weil3, teeier, and Schloegl 2010; Lazareva et al.
2004; Lazareva and Wasserman 2006). In the mospa@hle study, rhesus monkeys
(Treichler and van Tilburg 1996) learned the segaeamly slightly faster than the jackdaws.
Due to the non-reinforcement of the Tl trials dgrthe test, it is unlikely that the task
was solved via a rapid learning mechanism. Addéilyn Pronto was correct in 100% of the
test trials and Udo was error-free until block sewehile Bruce made an error each in the

first two blocks. Thus, the birds solved the tasitantaneously. Generally, our data support
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the assumption that Tl is a ubiquitous ability atisl animals and seems to be wide-spread in
the animal kingdom. Furthermore, performance sderbe linked to the degree of social
complexity, as the studies by Bond et al. (2003;@&nd Maclean et al. (2008) found that
the accuracy and robustness of Tl correlated Wwighdiegree of sociality. Additionally, Weil3

et al. (2010) found that the early social environtrid goslings seemed to have influenced
their performance in a Tl task; in this study, gog that grew up in smaller families required
less training to learn the artificial hierarchy geated in the test than goslings in larger
families. The authors argued that small familiesraore involved in interactions with flock
members and therefore, goslings of smaller famitiag have more opportunities to learn
about dyadic relationships than goslings with neibéings. Accordingly, it seems as if the
link between social complexity and Tl is existent wwhether it is dependent on group size,
structure or the number of interactions within aialsystem is still unclear. However, the
claim that Tl is linked to social complexity depsrgb far on correlative data only, as non-
social animals have not been tested. It is notéwdhat recent studies on a solitary living
tortoise species indicate that despite their sgliifestyle they possess socio-cognitive skills
such as gaze following (Wilkinson, Mandl, et all@Pand social learning (Wilkinson,
Kuenstner, et al. 2010) and an exploration of Tthiese or other solitary living species seems
worthwhile.

In addition to the question of which animals arpatde of Tl, the underlying
mechanisms are not yet fully understood. To answemuestion longer hierarchical
sequences which contain more than one Tl pairérardageous, because then pairs with
different number of stimuli in between are avaiaplsymbolic distance effect” Moyer and
Bayer 1976) and more possibilities to clarify tielarlying mechanisms of Tl are given
(Bond, Wei, and Kamil 2010). Unfortunately, we werdy able to test a five item series due
to logistical reasons and the already very longrtggrocedure of two years. In consequence,

we are restricted in our possibilities to assesstignitive mechanism the jackdaws relied on.
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Nevertheless, we were able to calculate the rewardfeward ratio Rfor the different

stimuli of a Tl pair. Similar to other studies (leaeva et al. 2004; Lazareva and Wasserman
2006; Zorina, Kalinina, and Markina 1996), for thitee jackdaws was this ratio biased
towards B, thus suggesting the possibility thattiinds solved the task associatively.
Lazareva and colleagues (2006) tested pigeonsgesigned the experiment in the way that
for some pigeons, &> Ry and in others it was vice versa witg R Ry. However,
independent of the relative associative strengtB, @il pigeons preferred B over D in the Tl
test. Thus, it is only suggestive and not conckishat our jackdaws solved the TI test
according to an associative model and not to doeka one. In conclusion our study shows
that jackdaws are capable of Tl, but the underlyimeghanisms they used to solve the task

are still unclear.
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Chapter 6: Conclusion

The present dissertation supports the notion thabis are capable of reasoning. One African
grey parroPsittacus erithacubas demonstrated the ability of inference by esioly, which
has so far only been shown in Great apes (Call Rd@@refore, the results support the
convergent evolution hypothesis (Emery and Clag@®4) which suggests that similar levels
and expressions of intelligence have developedialiel in birds and mammals.

As shown in Chapter 4, one Grey parrot succeedad inference by exclusion task.
The possibility that this success was based orcedbe learning mechanisms was controlled
and tested for and was rejected as a valid exptantdr the bird’s behaviour. It is, therefore,
concluded that the bird had formed a mental reptatien of the contents of the cup. The
result contradicts Penn and Povinelli’s (2007a;dclusion that insight and reasoning is not
expressed in non-human animals and supports tihenrtbiat non-human animals are capable
of this complex form of reasoning (Bird and Eme®@Q; Call 2004, 2006; Emery and
Clayton 2004; Pepperberg 1999; Taylor et al. 2008 fact that only one animal succeeded
in the inference by exclusion task might leavedat open to criticism. However, the
successful performance of this one animal showsttieacognitive skill tested for lies within
the general capabilities of the species. In fhetrd is evidence suggesting that individual
differences in performance levels, such as somealsisucceeding while others do not,
might give a deeper insight into the nature ofdbgnitive processes underlying a specific
task (Plomin 2001). Such differences can, for eXapige explained by differences in general
intelligence, pre-experience, or personality.

Species with high general intelligence are pronange individual differences on
complex tasks, while easy tasks produce relativeBnimous results (Plomin 2001). Thus,
within a species some individuals can sport maengly expressed cognitive abilities than
others. Colloquially said, some individuals witlirspecies might just be smarter or

differently motivated than others. Intra-speciegalality within the more complex tasks as
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compared to the simple tasks is exactly what haa Baown in the present dissertation. No
individual differences were found in a simple objeanipulation task performed by carrion
crowsCorvus corone corongackdawsCorvus moneduleaand African grey parrots in
Chapter 2 and 3 where the birds were tested foeffieets of a simple low-level mechanism,
local enhancement. In contrast, large differenceeviound in the more difficult exclusion
task in the crows in Chapter 2, where the birdsewequired to choose one target based on
the knowledge about another target. Similarly, Gvagrots showed great intra-specific
variability in a highly complex inference by exdlms task described in Chapter 4, in which
the parrots were prevented from using any low-levethanisms in their choice of the correct
target. Interestingly, there also seem to be diffees between individuals within the same
species of how enhancement affects their abilityolge higher order problems. While some
birds are unable to solve a problem due to overshiand) from low-level mechanisms, others
appear unaffected.

While the individual differences may be explainethim the general intelligence
framework, it is also possible that the birds’ poex experiences and histories, which are
sometimes not fully known, are responsible fordtiterences in performance. Supporting
this assumption a study by Pepperberg (2007) fol@idGrey parrots varied in the methods
with which they tried to master a means-end undedihg task. Even though her study
offered the inequality of the language training imels had received as a possible explanation
for the individual differences, the author statest different personalities cannot be excluded
as an explanation.

The possibility that differences between individuate biologically meaningful
variations has in the past often been neglectetsvil998), but now it is generally accepted
that animals have different personality types wlappear to be closely linked to those of
humans (Carere and Eens 2005; Carere and Locutth.ZDhe effects of personality on

fitness (Dingemanse and Réale 2005), learning l@étiet al. 2012), and the ability to form
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sets of routine (Groothuis and Carere 2005) haweady been established, while there is little
empirical evidence linking personality traits wither cognitive abilities. For a personality
trait to be established as such, it is paramouptdweide, besides trait linkage, evidence of
behavioural consistency over time and across cistamces in a large number of animals.
However, the present thesis was not designed tdaiegersonality differences in birds. In
reverse though, differences in personality coulalanr the large individual differences found
in Chapter 2 and 4. Furthermore, it appears tinaitasi to the notion of general intelligence,
personality differences are only reflected in diffi tasks (Titulaer et al. 2012), again
reflecting the data presented above.

A promising avenue for future studies would beetst for personality differences in a
large number of birds and to link these to a witalttery of cognitive tasks, including tests of
various different cognitive domains. A compreheastegnitive test battery has already been
established for human children and Great apes bgntden (2007) and adapted by Schmitt
and colleagues (2012) for the use with monkeyis.nibw time for an equivalent test battery
for the use with birds. Testing the effect of peaady differences on cognitive performance
would be particularly interesting in a long-termay providing a closely controlled
environment for all subjects from fledgling on, shavoiding any differences in prior
experience. Additionally, it would be worthwhile attend to differences in motivation and
distractibility within and between species as thiastors could also lead to individual
differences in cognitive tasks.

Besides the interesting intra-specific differentespresent thesis has also revealed
meaningful inter-specific differences. Various sésdof the project ‘reasoning in birds’ of
our study group have found that rav&w@vus coraX{Schloegl et al. 2009), African grey
parrots (Schmidt et al. unpubl.), and carrion cr¢@isapter 2) were able to show successful
exclusion performance in a cup-lifting experimenijle jackdaws (Schloegl 2011) and keas

Nestor notabiligSchloegl et al. 2009) were unsuccessfully indém@e setup. It has been
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suggested that, at least in corvids, caching &slinight be a key to solving this task
(Schloegl et al. 2009; Schloegl 2011; Chapter 2 h@h ravens and carrion crows are
caching species and jackdaws are not. Howeverddas not explain the differential
performance of the parrots. Although the keas ffailight well be due to an overshadowing
effect of their extreme neophilia (O'Hara et all2)) no obvious explanation appears to fit in
the successful performance of the Grey parrots.

However, it is possible that the dissimilarities ¢ee explained with differences in
general intelligence levels of the different spsecieérey parrots, for example, might possess a
high level of general intelligence and might, thoes,able to solve tasks which are not
immediately ecologically relevant for them. Simijaiit is possible that the jackdaws have a
lower level of general intelligence than the otbervid species that have been tested on the
same task, thus, failing the exclusion task whigbears to be of little ecological relevance
for them.

The adaptive specialization hypothesis (de Kort@lyton 2006; Kamil 1987),
however, would be in favour of the aforementionddpive qualities of the task. As
jackdaws do not cache food they might have lesmigly expressed physical cognition
abilities. Nonetheless, jackdaws are very socralshihat have been shown to be sensitive to
social cues and social learning (Scheid et al. 28@Fwab et al. 2008). Chapter 5 describes a
task which is believed to experimentally reflectogial network — transitive inference. The
results show that jackdaws were able to solvetéisis successfully. However, at present it is
not possible to determine with reasonable certaimtich mechanism the birds used to solve
the task, mental representations or associativaiteg To find out which of the two possible
mechanisms was used, future studies should inteodissociation between the two targets by
artificially increasing the value of one stimulugaist the direction expected by the mental
representation of the target list, as was donedrateva (2006) with pigeo@olumba livia

However, the results point to the notion that tekglaws’ ecology might influence their
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abilities and, thus, lend support to the adaptpecglization hypothesis. To further
investigate this issue, future studies shouldttesperformance of the only other non-caching
corvid species, the white-throated magpiegajositta formosa

In contrast to the adaptive specialization hypa#)dke general process view states
that closely related species with different ecatsgihould not show large differences in their
cognitive abilities (Bolhuis and Macphail 2001). ssch high cognitive performances
amongst birds would be expected in the parrot andd families. Overall, high cognitive
performance has been found in all the tested spéGieuld-Beierle 2000; Pepperberg 1999;
Wascher et al. 2012; Chapter 2-5). However, sigaifi differences within the families have
also been noted (Schloegl et al. 2009; Schloegl 2CGhapter 2-5). At present, it is
impossible to know whether these differences asedban a true inability of some species to
succeed in the given tasks or whether they arelgidyg to the experimental design and
execution of the tasks.

To date only little information is available on apgssible interactions between the
different models integrating, for example, genartelligence with the adaptive specialization
hypothesis (Reader et al. 2011). Based on thetsgstdsented in the present thesis it appears
possible that the importance of adaptive speci@inas dependent on the level of general
intelligence. Thus, for those animals that possebscomparatively low general intelligence
areas of adaptive value might be of great impodambey might show outstanding
performances in one particular area which is egfigaelevant to their ecological situation
while not being very advanced in performing tasktsiole their ecological niche. Those
animals that sport high general intelligence, haavemight be able to succeed in a whole
range of complex tasks, independent of whetheethes of immediate adaptive value to
them. General intelligence might originally haveban adaptive trait because it increased
flexibility, but through its development it mighave freed the species possessing this trait

from the immediate adaptive pressures of theiiqad#r niche.
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Thus, assuming that African grey parrots have igieral intelligence, this
combined model would explain their impressive penfance on the inference by exclusion
task which might not be of great adaptive valua tmn-caching species. Similarly, assuming
comparatively low general intelligence in jackdati®® model would explain their good
performance in the transitive inference task wfalkng in tasks of a similar level of
complexity in a different cognitive domain, whichght be less adaptive to their social but
non-caching nature.

To clarify the respective importance of ecologieévance and general intelligence
future studies should test ecologically irreleviasks as part of a large cognitive test battery
which approaches each species’ general intelligangess domains. For example, tests on
tool-use related abilities in non-tool-using speaee likely to provide a clearer idea of a
species’ general intelligence (Bird and Emery 200hbich et al. 2007), given that the
species’ physical abilities are taken into accobntthermore, additional investigations of
transitive inference in non-social species are eé¢d determine whether this mechanism,
which is generally accepted as social throughaatitarature (Bond et al. 2003; Bond et al.
2010; Maclean et al. 2008), is indeed only foundanial animals. Here it would be
particularly interesting to test species whichtanéy solitary from hatching onwards and
have never received any parental care, such a@®oted tortoise§&seochelone carbonariar
octopusOctopus vulgarisThus, a detailed comparison of the performancecmtogically
relevant and irrelevant tasks in both closely esldiird species and those of distantly related
families is called for at this stage.

In conclusion, the results of the present dissertaupport convergent evolution, as
different bird species have been proven proficier@omplex cognitive tasks. In particular,
inference by exclusion has been shown in an Afrgray parrot, which is the first
demonstration of this ability outside of great aped humans (Call 2006). Furthermore, the

results suggest that the cognitive abilities oflbimight be best explained by a model
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combining the notion of general intelligence witie adaptive specialization hypothesis. As
such, it is suggested that Grey parrots have adegleral intelligence level allowing them to
readily solve even adaptively irrelevant taskscdntrast, jackdaws are suggested to possess
low general intelligence in comparison with othendds, therefore, excelling only in tasks
that are ecologically relevant to them. Interedtinpw-level mechanisms such as local
enhancement affected all tested species, suggéktihthese are basic traits which are
independent of the level of general intelligence adaptive relevance. Finally, my present
results show that reasoning does not only exieumans, but also in non-human animals and

might help bridge the gap between general intalligeand adaptive specialization.

129



References

Bird CD, Emery NJ (2009) Insightful problem solviagd creative tool modification by
captive nontool-using rooks. PNAS 106 (25):1037678

Bolhuis JJ, Macphail EM (2001) A critique of theun@ecology of learning and memory.
Trends in Cognitive Sciences 5:426-433

Bond AB, Kamil AC, Balda RP (2003) Social complexdind transitive inference in corvids.
Anim Behav 65:479 - 487

Bond AB, Wei CA, Kamil AC (2010) Cognitive represation in transitive inference: A
comparison of four corvid species. Behav Proce85gx33-292

Call J (2004) Inferences about the location of foothe great ape#an paniscus, Pan
troglodytes, Gorilla gorillaandPongo pygmaegsJ Comp Psychol 118 (2):232-241

Call J (2006) Inference by exclusion in the greasa the effect of age and species. Anim
Cogn 9:393-403

Carere C, Eens M (2005) Unravelling animal perstaal how and why individuals
consistently differ. Behaviour 142:1149-1157

Carere C, Locurto C (2011) Interaction between ahjmersonality and animal cognition.
Current Zoology 57 (4):491-498

de Kort SR, Clayton NS (2006) An evolutionary pexgpre on caching by corvids. Proc R
Soc B 273:417-423

Dingemanse NJ, Réale D (2005) Natural selectionaaial personality. Behaviour 142
(9):1159-1184

Emery NJ, Clayton NS (2004) The mentality of cro®@snvergent evolution of intelligence
in corvids and apes. Science 306:1903-1907

Gould-Beierle K (2000) A comparison of four conggecies in a working and reference

memory task using a radial maze. J Comp Psychol(4)1347-356

130



Groothuis TGG, Carere C (2005) Avian personalitedsracterization and epigenesis.
Neurosci Biobehav Rev 29:137-150

Herrmann E, Call J, Hernandez-Lloreda MV, Hare 8mnasello M (2007) Humans have
evolved specialized skills of social cognition: thétural intelligence hypothesis.
Science 317:1360-1366

Kamil AC (1987) A synthetic approach to the studiyaoimal intelligence. Nebr Symp Motiv
35:257-308

Lazareva OF, Wasserman EE (2006) Effect of stimaidsrability and reinforcement history
on transitive responding in pigeons. Behav Proceg2el61-172

Maclean EL, Merritt DJ, Brannon EM (2008) Sociafrgaexity predicts transitive reasoning
in prosimian primates. Anim Behav 76 (2):479-486

O'Hara MCA, Gajdon GK, Huber L (2012) Kea logicevhthese birds solve difficult
problems and outsmart researchers. In: Watanabd)3.¢gic and sensibility. Keio
University Press,

Penn DC, Povinelli DJ (2007a) Causal cognitionumian and nonhuman animals: a
comparative, critical review. Annu Rev Psychol 581948

Penn DC, Povinelli DJ (2007b) On the lack of evickethat non-human animals possess
anything remotely resembling a 'theory of mindil Frans R Soc B 362:731-744

Pepperberg IM (1999) The Alex Studies: Cognitivd @omunicative Abilities in Grey
Parrots. Harvard University Press, Cambridge

Pepperberg IM (2007) Individual differences in Gpayrots Psittacus erithacys effects of
training. J Ornithol 148:161-168

Plomin R (2001) The genetics of g in human and raoNsiture Reviews Neuroscience
2:136-141

Reader SM, Hager Y, Laland KN (2011) The evolutbprimate general and cultural

intelligence. Phil Trans R Soc B 366:1017-1027

131



Scheid C, Range F, Bugnyar T (2007) When, what vaman to watch? Quantifying
attention in ravensJorvus cora¥ and jackdawsGorvus monedu)aJ Comp Psychol
121 (4):380-386

Schloegl C (2011) What you see is what you geloaded: Can jackdaw€£6rvus monedula
find hidden food through exclusion? J Comp Psydi28l (2):162-174

Schloegl C, Dierks A, Gajdon GK, Huber L, KotrscKalBugnyar T (2009) What you see is
what you get? Exclusion performances in ravenskead. PLoS ONE 4 (8):1-12

Schmidt J, Kotrschal K, Schloegl C Exclusion ala$itin African grey parrotdGittacus
erithacug. unpubl. data

Schmitt V, Pankau B, Fischer J (2012) Old world keys compare to apes in the primate
cognition test battery. PLoS ONE 7 (4):1-10

Schwab C, Bugnyar T, Kotrschal K (2008) Preferdmgiarning from non-affiliated
individuals in jackdawsGorvus monedula Behav Processes 79:148-155

Taylor AH, Hunt GR, Medina FS, Gray RD (2009) Dow€aledonian crows solve physical
problems through causal reasoning? Proc R Soc R27&54

Tebbich S, Seed AM, Emery NJ, Clayton NS (2007) #&mi-using rooksCorvus
frugilegus solve the trap-tube problem. Anim Cogn 10:225-231

Titulaer M, van Oers K, Naguib M (2012) Personadiffects learning performances in
difficult tasks in a sex-dependent way. Anim BeB&v723-730

Wascher CAF, Dufour V, Bugnyar T (2012) Carrionvesacannot overcome impulsive
choice in a quantitative exchange task. FrontreiRsychology.
doi:10.3389/fpsyg.2012.00118

Wilson DS (1998) Adaptive individual differencesthin single populations. Phil Trans R

Soc B 353:199-205

132



Curriculum vitae

Personal information

Sandra Denise Mikolasch
Ameisenkamp 39

22523 Hamburg
Germany

Telephone: +49 (0) 40 57 95 66
Mobile phone: +49 (0) 177 89 35 111

E-Mail: sandra.mikolasch@klf.ac.at
Nationality: German
Date of birth: 04.11.1981

Education

05/2008 — 08/2012 PhD position at the Universitymnna / Konrad Lorenz
Research Station
FWEF-Project: “Cognition in birds” [P20538-B17]
Title: “Cognitive abilities in corvids and parrdts

06/2007 Final degree diploma at the UniversitiHafmburg
Grade: 1,0

10/2001 — 06/2007 Diploma thesis: Male choice iecsacled parrotlet§-orpus
conspicillatus)
Main subject of study: Zoology (Behavioural Bigig
Minor subjects: Bioinformatics

Microbiology

08/1992 — 06/2001 Secondary education: GymnaBidmsweg (Hamburg)

Grade: 2,1

133



Publications

Mikolasch, S., Kotrschal, K. & Schloegl, C. Transitive infereniogackdaws Corvus
moneduld, submitted for publication

Mikolasch, S., Kotrschal, K. & Schloegl, C. (2012) The influenafdocal
enhancement on choice performances in African gaesots Psittacus erithacysand
jackdaws Corvus monedu)aJournal of Comparative Psycholggpy press

Mikolasch, S., Kotrschal, K. & Schloegl, C. (2012) Is caching tkey to exclusion in
corvids? The case of carrion croviofvus corone coroneAnimal Cognition 15,
73-82; d0i:10.1007/s10071-011-0434-1

Mikolasch, S., Kotrschal, K. & Schloegl, C. (2011) African grpgrrots Psittacus
erithacug use inference by exclusion to locate hidden f@adlogy Letters6, 875-
877; doi:10.1098/rsbl.2011.0500

Weil3, B.M., Kehmeier, SMikolasch, S. & Schloegl, C. (2009) Transitive inference
in greylag geese; Primate Report, Special Issugp@dished abstract)

Congress contributions

Poster

Poster

Talk

Talk

Talk

Poster

Talk

Mikolasch, S., Kotrschal, K., Schloegl, C.: “Tsdtive inference in jackdaws
(Corvus moneduld ASAB summer conference in St. Andrews, Scotland;
August 2011

Mikolasch, S., Kotrschal, K., Schloegl, C.: "Afais grey parrotsHsittacus
erithacug use inference by exclusion to find hidden foodih@pcog
Conference in Prague, Czech Republic; May 2011

Mikolasch, S., Kotrschal, K., Schloegl, C.: “Magithe best of a bad job:
African grey parrots use inference by exclusiofirtd hidden food”
Ethological Society meeting in Zurich, Switzerlaf@bruary 2011

Mikolasch, S., Kotrschal, K., Schloegl, C.: ‘$thard to see food go: do grey
parrots and jackdaws rely on causal or social médion to find hidden food?”
ECBB — European Conference on Behavioural Biold@y/2in Ferrara, Italy;
July 2010

Mikolasch, S., Kotrschal, K., Schloegl, C.: “Calknowledge vs. local
enhancement: How do crows find their food?” ASABtea meeting 2010 in
Exeter, Great Britain; April 2010

Mikolasch, S., Kotrschal, K., Schloegl, C.:” Dmws use causal reasoning or
social information to locate hidden food?” 5. Thetagung der Ethologischen
Gesellschaft in Berlin, Germany; February 2010

Mikolasch, S., Kotrschal, K., Schloegl, C.:” Do er®use inference to locate
hidden food?” Graduiertentreffen Verhaltensbiolagi&eewiesen”, Germany;
November 2009

134



Talk Mikolasch, S., Kotrschal, K., Schloegl, C.: ,Kalss Wissen vs. lokale
Verstarkung: Wie finden Dohlen und Kréahen ihr FrtitteNachwuchstagung —
Ornithologie in Seewiesen, Germany; November 2009

Poster Mikolasch, S., Dierks, A., Kotrschal, K., Schl4e@.: “Do ravens and

jackdaws differ in the time they need to perceiMerimation?” IEC conference
in Renne, France; August 2009

Additional research experience

11/2007 — 12/2007 Internship at the Loro Parqueetiée
Assisting a PhD student
Computer based behavioural observations
Taking faecal samples on different parrot species

09/2007 — 10/2007 Internship at the Karolinskaituatg in Stockholm
Department of Bioscience and Nutrition
Getting familiar with keeping and rearing of thémefish
Microscopic selection of fish embryos
In situ hybridation

Additional information

* Language skills German native speaker
English fluent, written and spoken
Latin basic knowledge

e Technical skills MS Office advanced knowledge
Latex good knowledge
SPSS, SigmaPlot good knowledge
Linux, Perl, C basic knowledge

* Memberships “Ethologische Gesellschaft”

“The Association of the Study of Animal Behavio(ASAB)

» Driving licence Class B

135



