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Introduction

Since the foundation of ethology as a scientific field, researchers have been fascinated by the
emergenceof nt el |l i gence across ani mal t axa. I nt el
the speed and success of how animals, including huMam® sapienssolve problems to
survive in their nat (Roth& Dickey 2005%Itascstillaifficuleta vi r onr
characterize intelligence preelg among all different species due to radical differences in

ani mal sé ecology but it 1 mplies behavioral f
itself to new constraints, including problems to solve or changes in its environment. Some
researchis even defend the existence of emotional intelligence, which suggest that emotion
related and empathic abilities are seen as a particular type of intellectual ability that should
overlap with cognitive abilities to some extéhtartin-Raugh et al., 2016)hese adaptations

are resulting in a high survival rate and fithess of individ(ldisnphrey, 1976)Some of the

animals classified as the most clever ones are able to perform well in very specific and rare
tasks implying the use of Theorywiind, i.e the ability to infer mental states to others such as
intention and knowledgéPremack & Woodruff, 1978Call & Tomasello, 2008) social

learning (Templeton, Kamil, & Blla, 1999) tooluse (Matsuzawa, 2008pr even cultural
transmission(Whiten & van Schaik, 2007)Most of these sophisticated behaviors appear

within complex social groups and the presence of other conspecifics in close proximity may
play an important role in the emergence okitide strategies. Animals have to cooperate, to

act prosocial or to avoid competition to maintain good relationships with their partners.
Consequently, it is crucial for them to develop strategies directed to others and to pay
attenti on t ontetionk @and/@ émotiorat statean Recent evidences revealed that
social partners and the degree of affiliation shared between individuals play an important role

in the social group structures and may be a predictor of intelligence. However, the question

still remains: what are the selective pressures at the origin of animal intelligence? Why do
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some species seem to outperform others? And are emotions and affiliation between partners

involved in these processes?

I) The emergence of intelligence: socialitwins

Most of the first studies on animal intelligence focused onmonan primates, because
studying the complex organizations and behaviors of these animals gives us fascinating and
meaningful insights of the emergence of intelligence in our own sp&tasover, primates

are also characterized by unusually large brain for their body size. Many studies focused on
the analysis of a precise part of the primate brain to measure intelligence: the neocortex. It is
usually considered as being involved in cdoigei processes associated with reasoning and
consciousnesgDunbar, 1998) Most of the literature used thelative neocortex size (i.e
relative to overall brain size) as the main variable and predictor of intelligence in primates
(Dunbar, 2009)Of course, brain sizes scale allometrically with body &leeison, 1970but

some animals exhibit larger brains that predicted. And since having a big brain costs a lot of
energy to produce and maintain, it is very likely that these big brains are adapfatests

2014)

1) Ecological hypothesis of the emergence of intelligence

Several hypothesis were proposed to explain the emergence of intelligence and consequently
the increase in brain size in primat@ainbar, 1992)and in other animal taxa such as rodents
(Mace, Harvey, & CluttorBrock, 1981) bats (Eisenberg & Wilson, 1978)carnivores
(Dunbar & Bever, 1998)ungulates(Shultz & Dunbar, 2006)Firstly, several ecological
hypotheses suggested that diet, the activity timing and the way animals obtain food could
influence the neocortex size. Indeed, some primate species need to adapt their foraging

strategies degnding on if they eat leaves or seasonal fruits, which are ephemeral resources
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that need to be geographically localized and memorized. Several studies showed that
frugivorous primates displayed a relative bigger brain compared to their body size than
folivores (Clutton-Brock & Harvey, 1980 Milton, 1988) A more recent study which
investigated more than 140 primate speciesievgued that only diet could be relevant to
explain the increase in brain sifPeCasien, Williams, & Higam, 2017) In bats, the
frugivorous species exhibit the biggest relative brain size compared to insec{iissgoerg

& Wilson, 1978) Anot her ecol ogi cal hypothesis call ed
postulated that brain size would increase if the individual need to use special techniques or
tools to obtain a food, like for example cracking a nut open or to use stick to fishnfidese

(Van LawickGoodall, 1966) Besides, hunting could also imply brain power, especially in
cooperative cases whestwrategies and synchrony are observed in individigdsesch, 1994)
Indeed, a predator, which needs to hunt and take into accourd pot ent i al prey
would not need the same cognitive abilities as herbivores (Gibson, 1986). Another alternative
ecological explanation for the emergence of intelligence was the activity timing. The fact to
be diurnal or nocturnal could have mfluence over the development of the brain size and the
cognitive abilities. In small mammals including soricidae (shrews), sciuridae (squirrels) and
bathyergidae (mole rats), relative neocortex size is larger in nocturnal than in diurnal lineages
(Mace et al., 1981)In primates, studies dasbed contrasting results: neocortex has been
found larger in diurnal primates than nocturnal prim@aaston, 1996hereas naignificant
differences has been found in another previous s(@lytton-Brock & Harvey, 1980Q)
However, it seems that a large portion of the primate neocortex is involved in visual
processing, and not in true cognitive functions. Even if a continuity exists betweenavidual
cognitive processing, results should be analyzed cautiously and a clear distinction between

sensory specializations would be hard to investifadeton, 1996Joffe & Dunbar]1997)
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2) The Social Intelligence Hypothesis

One of the first popular explanation of the increase of brain size and complex cognition in
primates resulted from the complexity of social organization: the Social Intelligence
Hypothesis (SIH). One of the firstudies ever published investigated lemurs and other
monkeys social troops and highlighted the f a
t he nature of p(dollymEO66¢ Anothert stubyl arggesl nhate ezological
constaints could not be powerful enough to explain the superior abilities of primates over
other species, whereas sociality would Hemphrey, 1976)And some skills like toelise to

obtain food (illustrating the extractive foraging hypothesis) are most of the time acquired by
mimicking others, suggesting that the social environment plays an important role anyhow.
Twenty years later, atieer famous hypothesis integrated in the SIH, emerged and tried to
define more precisely the i mpact of soci al.i
Intelligence Hypothesis (MIH{Byrne & Whiten, 1988) Even if living in groups present
advantages such as reducing the predation riskadae increase of vigilance by the different
members of the troop, it also represents high costs like resources competition. The
Machiavellian Intelligence Hypothesis is inspired by the principles detailed by Niccolo
Machiavelli in his bookThe Princepublished in 1513: politicians need to lie, to be dishonest
and to socially manipulate others for their own pr¢Byrne & Bates, 2007)The MIH
postulates that the brain of primates increased in siz&uke of competition and tactics used

by animals to maximize their own success such as deception, manipulation, alliance
formation, exploitation of the expertise of others to steal food, etc. This success over others is
transformed into reproductive sucseselecting for larger and more complex brg(aavrilets

& Vose, 2006)
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a) Neocortex size correlates with group size in primates
The first quantitative evidences valioeg the Social Intelligence Hypothesis (SIH) were
materialized by a positive correlation between the relative neocortex size and the size of
social groups in primatg®unbar, 1992)Strikingly, neocortex size did not correlate with any
index of the ecological hypotheses but did with social group(Bigebar, 1998)On the other
hand, some studies proposed other explanations than sociality to explain this increase of brain
size like diet in primate¢DeCasien et al., 2010r the development of areas dedicated in
perception and provoking brain size incre@3arton, 1996)Nevertheless, these explanations
only worked with relative brain size and not with the measure of neocortex. However, it is
likely that neocortex has beethe subject of different type of selection pressures, both
ecological and socigDunbar & Shultz, 2008). Even if these results are highlglzhted, the
SIH is still very popular and represents a very satisfying explanatory possibility of the

emergence of intelligence.

b) Social intelligence is not uniquely found in primates
After focusing on our closest relatives for years, researchers founhdhthaexact same
correlation between the relative neocortex size and the mean size of social groups exists in
other taxa too. Indeed, several other species exhibit complex societies coupled with
cooperative actions or high rate of problem solv{BgnsorAmram, Dantzer, Stricker,
Swanson, & Holekamp, 2016First investigations focused on mammals and showed a
correlation between group size and neocortex ratio in carnivores and insectivores such as
mustelids, ursids, canids and fel{@@nbar & Bever, 1998)The same correlation is observed
in cooperative hunters like spotted hyet@&®cuta crocuta(Holekamp & BensoAmram,
2017) dolphins(Marino, 2002 Connor, 207), bats(Pitnick, Jones, & Wilkinson, 200&nd
ungulates(PérezBarberia, Shultz, & Dunbar, 200PérezBarberia & Gordon, 2005pr

sciuridae (squirrelsjMace et al., 1981)Even if the correlation had not been tested, some
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evidence suggest thatlephants would be good candidates to illustrate the link between
neocortex size and sociality since they are {lwed and have a very complex and rich social

life (Shoshani, 1988Shoshani, Kupsky & Marchant, 2006ome recent findings even
described that absolute brain size (not relative brain size) increased with sociality in ground

squirrels, exhibiting several levels of socialityMat Nj T et al ., 2016)

3) A refinement of SIH

a) Social commxity instead of group size as a predictor of brain size
Interestingly, several studies found results matching the brain size to the social complexity,
instead of the group size. Indeed, in primates, the relative neocortex size does not only
correlate wih the social group sizé&sawaguchi & Kudo, 1990)ut also with other factors
suggesting social complexity in primates such as the size of the gahgue (Kudo &
Dunbar, 2001)the rateof social learning and innovatidiReader, 2003)the rate of social
play (Montgomery, 2014)or the frequency of tactical deceptigByrne & Corp, 2004)
Consequently, a refinement of the SIH examines the complexity rather than the number of
relations to handle, favomgnthe quality over the quantity. Groups being socially complex
have been usually defined as those in which individuals form-tkmmg pair bonds and/or
maintained longerm reciprocal relationshig®unbar & Shultz, 2003).
Multiple species displaying these correlations between brain size and soujalexity seem
to live in fissionfusion groups. In these dynamic groups, big social group split into smaller
subgroups. Subgroups merge again when all animals spend the night in the same place, for
example. Being part of a big social group over a loegog of time implies to take others
into account and to remember past interactions. It is especially the case in thesdusssion
groups, where group composition is dynamic: frequently splitting and merging in smaller

subgroups has been proposed as ohthe aspects of social complex{&ueur al., 2011b)
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These fissioffusion dynamics have been observed in some of the specasddsabove,
whose relatively big brains could be explained by the social brain hypothesis (elephants
Loxodonta africanaCouzin, 2006 chimpanzee®an troglodytesSueur et al., 20t Amici,

Aureli, & Call, 2008 orangutans Pongo pygmaeusvan Schaik, 1999 dolphins
Lagenorhynchus obscuruBearson, 20Q%ats,Kerth & Konig, 1999 Willis & Brigham,

2004 corvids,Bugnyar, 2013 Consequently, in these dynamic groups, individuals modify
the persistence of associations with certain others, and sometimes smaller social associatio
emerge like small family groups constituted of parents and their offspring or mated pairs.

In birds, correlation between relative brain size and group size could not beer(Baolard

& Westneat, 2016) Moreover, previous investigationgiled to show any relationship
between relative brain size and social association (cooperative breeders versus non
cooperative breedersyaniuk & Arnold, 2004)and propensity to flock in birdBeauchamp

& Fernandezluricic, 2004) Consequently, it has been proposed that the relative brain size in
birds is correlated with the strength of plaands rather than to group size and other sociality
index (Shultz & Dunbar, 2010)indeed, the pair is the more common and stronger social unit
in birds (Emery et al.,, 2007)This assumption has been validated by a recent finding
suggesting that brain size correlates with social monogamy (but not genetic monogamy) in

birds(West, 2014)

b) Social monogamy at the core of social complexity
Forming exclusive paibonds, even if it represents the simplest social aggregation, at the core
of social complexity, is a highly cognitive demanding type of association and may tw@a m
robust predictor of brain size than group gEeery et al., 2007)Social monogamy appears
in several species of mammals such like Ethiopan wdBasss simensjsNorth American

beaversCastor canadensjBBornean gibbonglylobates mueller{Cohas & Allainé, 2009pr
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Prairie volesMicrotus ochrogastenWilliams et al., 1992) but it is considerably more
widespread awng avian species.

Many birds may form lasting pabonds with their partners, and not in stable social groups as

it is commonly observed in parrdtSpoon et al., 2007¢orvids(Baeyens, 1981Emery et al.,

2007) or geesdBlack, 2001) Contrary to primates and other mammals which are rarely
sharing an exclusive sexual bond with a preferred paf@lettonBrock, 1989 Kleiman,

1977) birds are involved in monogamous relationships 90% of the (fiuaek, 1940 Lack,

1968.

The definition of monogamy can be plural and
a prolonged association and essentially exclusive mating relationship between one male and
one femaledo which imply that robonddosnotcmegatd c oV
the existence of monogan{Wittenberger & Tilson, 1980) Monogamy i s al so
recognized in the field and in captivity by a variety of less stringent characteristics, including

(1) the ontinual close proximity of an adult opposgex pair both during and outside periods

of reproduction (2) mating preferences, and (3) an absence of adult unrelated conspecifics
from the pairés home range, t er mairtincarfamilyor ne s
group also supports t lKéeimans I®bralb birtlsj theyconcept mo n o
covers both species with long term relationships and species in which the pair bond is only
maintained wih the female after mating and during the rearing of offsp(iragk, 1968)

Previousy, Lack (1940) also exposed another older classification of monogamy based on the
length of the pairing bon@Heinroth, 1928) He distinguished different groups including

partners meeting only for copulation, partners staying together for a few days, for a complete
breeding season or for life. The two last categories are the most interesting ones because they
imply a real investment in the partner over a long period of time and the emergence of a rich

social life.
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Even if most birds are described as monogamous and forabgais, a clear distinction

needs to be made between social and genetic monogamg.dagé of social monogamy, the

two partners cooperate to raise offspring and stay together even if some extra pair copulations
occurr whereas in genetic monogamy, the mating events only happen inside the mated pair.
Contrary to the first studies on monogam bird (Lack, 1968) it is now commonly accepted

that socially monogamous speciesvé an average frequency of extra pair offspring being
11.1% of offspring and 18.7% of broods. True genetic monogamy with no-paitra
copulations has been found in less than 25% of socially monogamous bird species studied to
date(Griffith, Owens, & Thuman, 2002)

The function of social monogamy seems to be centered around exclusive access to a mate but
it also appears that it enhances the ability of the mated partners to gain more access to
resources for breeay and survivalsee Mock & Fujioka, 1990 for reviewMoreover, the
pair-bond is a perfect illustration of cooperative behav{@ack, 1996) parents work as a

team to construct the nest, to incubate the eggs and to take care of the chicks. Sextsl partne
in birds cooperate and synchronize behaviors during and sometimes outside the breeding
season, in both reproductive and freproductive contexgBlack, 1996) they spend time in
proximity even outside breeding season (magpies picg Birkhead, 1979) synchronize

their actions(jackdawsColoeus monedujaRoell, 1978) defend the nest conjointly against
predators (great titBarus major Regelmann & Curio, 1986}jhey form coalitions and assist

each other by joining in aggressive encounters and by inhibiting other birdshireatening

their mates (Bewick swan€ygnus coumbiangsScott, 1980) Partners also spend an
important amount of time at preening each other and it has been demonstrated that preening is
not only involved in strengthening social bonds but also in increasingditimecommon
guillemots while reducing parasitésewis et al., 2007)Mated pairs are involved in object

joint manipulation(jackdaws; von Bayern et al., 200 €pfeeding(jackdaws; de Kort et al.,
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2006)and sing in duet (tropical boubdaniarius major Grafe & Bitz, 2004 canarywinged
parakeet Brotogeris versicolurus Arrowood, 1988 barheaded geeséAnser indicus
Lamprecht et al., 1985Consequently, social monogamy provides many advantages to both
partners even outside the reproductive context.

Long-term mormgamy is so demanding that it could be one of the main drivers of complex
cognition and brain size increase, especially in biEeery, 2006 West, 2014) Indeed, it
involvesa considerable degree of tolerance towards a single conspecific over a long period of
time, a high level of synchrony and cooperation and usually outside the context of mating

(Kleiman, 1977)

II) Prosociality: benefiting others

Monogamous birds display a high level of cooperation to build nest, feed their partners during
the incubation, and raise nestlings. These edireccted behaviors are prosocial behaviors. As
defined byBatson& Powell, 2003 Aprosoci al behavior covers
intended to benefit one or more people other than oneself, behaviors such as helping,
comforting, sharing and cooperatid®rosocial behaviors imply benefitfor the recipient and
somaimes acostf or t he donor . I n this | gBatsomrl99t)as e, Vv
Prosocial behaviors are not exclusively found between monogamous matestsphcinare

also often observed between affiliates and familiar individuals in social g(oepsvaal,

2008 de Waal & Suchak, 2010)

Interestingly, prosocial behaviors appear in a wide range of taxa and in different contexts:
cooperative problem solving (primatddirata & Fuwa, 2007 parrots,Péron et al., 201t
canids,Dale et al., 2015 food-sharing via or without token exchanges (primakés;ner et

al., 2011;Claidiére et al., 2015de Waal & Suchak, 201JackdawsColoeus monedujavon

Bayern et al., 20Q7/Schwab et al., 2032avensCorvus coraxLambert et al., 201, 7azured
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winged magpie€yanopica cyanysHorn et al., 2016 rodents, Hernanddzallement et al.,
2015), reciprocal atigrooming and allopreening (impalAspyceros melampuslart & Hart
1992 barn owlsTyto albg Roulin et al., 201pand helping and rescue belms (rodents,

BenAmi Bartal et al., 20112014).

1) Why acting prosocial?

Providing assistance has a function and is a result of a particular sitUd&gertheless, as
previously said by de Waé2008)and as it was also suggested by Tri@B@02)it is crucial

to distinguish the motivational impulse at the origin of the prosocial behavior from
evolutionary considerations that maintained it over time. In the present thesis, | present on one
side, some models explaining the maintenance of prosocalilyhow this behavior was
selected because of Ilts consequences on ind
side, | describe the main driver of prosociality as an internal motivational mechanism
(proximate causes), which refers to the immedsteation that triggers behavior. Some
motivational terms | i ke Aselfishd or Aunself
misused. One could think that when an individual acts prosocial and that this action has some
consequences on its owriniess, the animal is selfishly calculating benefits, which is not
plausible. Evolutionary analyses may be kept separated from motivational impulses.

Concerning ultimate causes, the main theories explaining the emergence and maintenance of
prosociality ove time are: kiaselection, mate provisioning, reciprocity, status enhancement

and avoidance of aggression. These explanations are not exclusive from each other and, for
example, reciprocity can occur between both kin andkiomdividuals.

On the other &nd, proximal causes driving prosociality, many options remain. Batson &
Shaw explained that the altruistic motivations at the origin of prosociality in humans are

mostly selfdirected: while helping others, the actor will receive material rewards, public
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praise and a good reputatigBatson & Shaw, 1991)Even in the absence of an obvious

reward, acting prosocial could be a way to avoid the distress felt while seeing another person

in need. Helping the other would be actually done forulienate goal of relieving its own

distress. It could be also used to feel good about oneself, while helping others. One of the
most popular explanation for prosociality in humans is empathy. Following the empathy
altruism hypothesis, and as writtenbfBaon & Shaw (1991) dempathi
altruistic motivation, motivation with an ultimate goal of benefiting not the self but the person

for whom empathy is felto, a rdidectedtbehaviers may g ge st
exist in otheanimals todde Waal, 2008Decety et al., 2016)

Consequently, empathy would be the main proximal motivation for prosociality, which would
have as an wultimate goal to i mprove the sul

selection, reciprocity, or status enhancement.

2) Ultimate explanations for prosociality

a) Kin selection
Prosociality between closely related individuals, such as parentsfipding or between
siblings, can be easily explained by kin select{éfamilton, 1964) While helping kin,
individuals promote the survival and the transmission of their own genes. For example, in
primates,the large majority of foodharing exchanges occur between a mother and her
offspring (Silk, 1978 Jaeggi & Schaik, 2011aeggi et al., 2008 Another study in the wild
with chimpanzees described that 86% of the instances of banana distribution observed
occurred between motheffspring but also between sibling, uneciephew and grandmother
grandchild (Feistner & McGrew, 1989)Cooperative hunting and the sharing of the prey
mainly happen in social carnivores groups tituted of family members like in killewhales

Orcinus orca (Guinet et al., 2000)r lions Panthera leo(Grinnell et al.,, 1995) The
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communal care of the young in cooperatbreeders such as bird€ockburn, 1998)
primates(Cronin et al., 2009and social mammals like lions, band®adngoosesviugos

mungo and meerkatsSuricata surcatta (see Clutton-Brock, 2006 for review)is another

example of prosociality mediated by kin selection. The classical view of cooperative breeding
suggests that some individuals stay at their
their younger siblings. Consequently they maximize the dispedditimeir own genes since

they share genetic proximity with their siblinBergmiuiller et al., 2007)Howe\er, even if

young birds may have indirect fitness benefits or delayed benefits while gaining experience to
improve their own reproductive success, they do not breed independently and competition
may emerge between relatives, which represent a(basthwell, 2009) Also, some recent

studies revealed that helpers are less related to the breeders than has been previously thought.
In these cases, the direct bftseof this cooperative behavior have been underestimated since
benefits would be strong enough to maintain helping even between unrelated individuals
Helpers can indeed increase their direct fithess by raising their survival while staying in large
groups they can also improve their mating success and their ability to rear offspring while

being trained at rearing the nestlings of other hi@latton-Brock, 2002)

b) Mate-provisioning
Being prosocial can also help to find a mate and improve its own fitness. A receninstudy
humans investigated the relationships between the willingness to donate the winning of $100
CAD to charity (used as a behavioural measure of altruism) and their mating success (having
more sexual partners and more sexual intercourses within relatishdRgsults showed that
altruists have higher mating success thanaltnuists(Arnocky et al, 2017) Another study,
still conducted in humans, showed that men contributed more to charity when observed by a
female, than by a male or when non observed, whereas female charity donations did not vary

across the three ¢ on dgenerosaymsght havaeiayalvedsas a coglly t h at
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mating signal(lredale et al., 2008)In numerous species of inse¥ahed, 1998) birds

(Lack, 1940apnd mammalgKuroda, 1984)males act prosocially to find a partner and offer
food to females either before, during or after copulat{@tevens & Gilby, 2004)
Consequently, the exchange of food could serve mate attraction and a positive correlation has
been observed between courtship feedings and copulation ratessinikeédn common terns

(Go n z §5blgy Bokolov, & Becker, 2001). In corvids, some studies suggested that food
sharing between individuals during the juvenile period could be used as a signal to choose a

reliable partnefvon Bayern et al., 20QTClayton & Emery, 2007)

c) Reciprocity
One of the most important evolutionary explanations for food sharing, especially between non
kin, is reciprocity. Acting prosocially in this case would be influenced on expected future
reward or support, which may be assessed from past interactions. We can distinguish direct
reciprocity, where subject A helps subject B because B has helped A beforendlioeat
reciprocity, where A helps B because B has helped C before. To observe the emergence of
direct reciprocity, an animal should potentially be able to remember past interactions, and the
individuals with which he interacted to make the decisiorct@eosocially. Whereas indirect
reciprocity is based on reputation: an individual will choose to help or not depending on past
prosocial actions of the partner. Both direct and indirect reciprocity may require developped
cognitive abilities(Rutte & Taborsky, 2007)ndirect and strong reciprocity have been found
only in humans so far. Less cognitively demanding reciprotsty exists and no recognition
of cooperative partners is required. In this case, an individual will help if he previously
received help from anonymous partners. This mechanism is called generalized reciprocity and
requires no specific knowledge about tlagtper. Only the previous social experience would
influence the propensity to help others. Generalized reciprocity could be at the origin of

cooperation among unfamiliar nonrelatifgaitte & Taborsky, 2007)
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Reciprocity represents a high cost, esgbciahen the benefits are delayed. The most iconic
example of higkcost reciprocity in which the survival of both individuals is involved, is the
food-sharing of blood by vampire bafg/ilkinson, 1984) Vampirebats Desmodus rotundjis

often regurgitate blood to roestates that failed to feed and risk to die of starvation quickly
(Wilkinson, 1988) Indeed, these bats cannot survive longer than three days without a blood
meal, so giving a blood portion to another indivatlis extremely costly. Interestingly, it has

been shown that the reciprocity of food exchanges was the best predictor of food given across
the dyad, more than relatedness between individuals or harassment, since the donors initiated
more the exchange thaeceivergCarter & Wilkinson, 2013)In this particular situation, the

donor will be rewarded for its costly gift because the initial receiver will return the favor later,
whichis in line with the reciprocal altruism hypothe@&arter & Wilkinson, 2013)

Low-cost reciprocity can also occur when animals exchange goods: food for food, or food for
other ®cial trading currencies such as grooming/allopree(degWaal, 199&, 1997h Carter

& Wilkinson, 2015)or support in conflict situations, while forming alliancgeyfarth &
Cheney, 1984)which is common in primates. For example, a correlation was observed
between grooming and agonistic support imgiailed macaquesMacaca fascicularis

support was related to previous groomfrigmelrijk, 1994)

However, examples of reciprocity are scarce in-homan animals since longitudinal
observations are needed to record and keep tracks of the chronology of interactions between
membes of the group. Moreover, it is difficult to compare benefits when the exchanged

currencies are differeiiBrosnan & Waal, 2002)

d) Statusenhancement
Since being prosocial may be costly, like in charity giving, cooperative actions or food
sharing events, ihas been argued via the prestige hypothesis that prosociality, and more

specifically helping behaviors may be used as a signal which would give information about an
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ani mal 6s soci al status. Being more gamdrbéesus,
reputation and status in the group and provide benefits, like finding a mate and/or a
cooperative partngiZahavi, 1995) Another study in cooperatiMareeder birds, the Arabian

babblers Turdoides squamicepsevealed that highanking individuals allofed lowanking

individuals and this exchange was almost always unidirectional. Consequently, the costly
signal of foodsharing would be seen as a display of dominé&deéshov et al., 2005)

Another classical model of giving defined as aamseof signaling income in humans is blood
donation. Many explanations have been proposed to explain this costly altruistic behavior
directed towards unrelated, and even, unknown others. Some argued that it could be driven by
the satisfaction that come®fm t he act of giving (called the
al so be done to i ncr e a(slabaugh &£998jinpthat lattericgse, 06 o f
giving may be perceived positively by others, and the donor would benefit if their donations

are made public. It has been even argued that monetary reward fomddnlabd might

crowd out the supply of blood donors, because, while receiving a monetary compensation,
donors would lose the social esteem associated with the dor(@itomuss, 197Q) An
experimental study tried to test emgally this theory and proposed to assess the number of
subjects accepting to become blood donors while receiving a money compensation or doing it

for free. Results showed that more subjects agreed to become blood donors without any
payment than when relweng money, and there was a significant effect of crowding out in
women: female blood donors dropped from 52% to 30% when the compensation was

introducedMellstrom & Johannesson, 2008)

e) Avoidance of aggression
A very different explanation puts forward that donors may act prosocially in order to avoid
conflicts and aggresve social manipulation. Some individuals may share food to stop

beggars from harassing thgi@ilby, 2006) A study in chimpanzees and squirrels monkey
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(Saimiri boliviensi} investgated the effects of harassment on fesbaring. Food divisibility
permitted to control the ability of the own
harass. Results demonstrated that when harassment by beggars increased due to the absence
of patition, foodsharing by owners increased too in both species, suggesting that donors
share to avoid the cost of being harag&tdvens, 2004)

Animals can also cooperate because there is a cost when they refuse to participate. They can
be punished when they deceive partners, be forced to cooperate or just lose benefits while
avoiding acting prosocially. A cooperative huntingdy in Tai chimpanzees showed that
bystanders and latecomers have access to less meat when they do not hunt, when compared to
huntergBoesch, 1994)

Another study in birds demonstrated that dominants can force subordinated to cooperate. The
experiment tested keaBléstor notabilis)which had to cooperate in an instrumental task to

obtain a reward and only one of the two cooperatiingsbwvas rewarded. Dominants birds
obtained the rewards most of the time and they even aggressively manipulated their respective
subordinate partner to cooperdfebbichet al, 1996) However, this latter experimental

design didnot give equal rewards to partners and may have triggered the aggressive

tendencies of dominant birds.

3) Empathy as the main driver of prosociality

There is no doubt that in human beings, empathy plays an important role irdioticgzd
behaviors(Eisenberg & Miler, 1987 Decety et al., 2016and is the most widely assumed
motivation for altruism and prosocialifdatson, 1991)Even if a growing interest have arisen
for this qlestion these last twenty yeafde Waal, 2008 Panksepp, 20Q4Panksepp &
Panksepp, 2013)the existence of empathy in animals is still intensively discussed

(Vasconcelos et al., 2012)
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However, de Waal argued that some behaviors observed in animals, are so costly than no
other motivatiorthan empathy could be strong enough to elicit them. In his bhekage of

empathy de Waal describes many anecdotal events usually observed in captive animals, in
which animals are in real danger and their partners take all the risks and are payingnimport

costs to save or protect theoe Waal, 2010) He quoted Jane Goodal |l 6
reportedmany incidents involving water in captive chimpanzé@sodall, 2010) Indeed
chimpanzees cannot swim, and in many zoos, apes enclosures are surrounded-idied/ater

moats. A male chimpanzee jumped in the water to raadnfant who had been dropped by

an incompetent mother and he lost his life while trying to save the baby. Another anecdote
described an incident which happened to Washoe, the lantraawsd chimpanzee. Another

female was in distress, into the water.dNae raced across two electric wires that normally
contained the apes to reach the victim who was widely trashing about. Washoe then grab the
femal ebs arms and pulled her to safety. Of
artificially creating tese dangerous and stressful conditions in controlled conditions are
fortunately not permitted, these anecdotal events are unique demonstrations-ocbshigh
prosocial acts. de Waal argued that no explanations in terms of mental calculations (like
futurere i procity) work to explain these costly
chimpanzee jumps in the water while he cannot swim, reciprocity looks like a shaky
prediction, which is not worth taking the risk to lose its life.

Empathy has been deéid as the capacity to (i) be affected by and share the emotional state of
anot her (e.g emotional contagion), (i) ass
identify with the other, adopting his or her perspective. This definition of empathyilub=ss

three level of growing complexitygle Waal, 2008)

The | owest | evel of empathy i s c-ike épeadingie mot i

of emotions from individual to another. Emotional contagion is observed when an intlividua
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yawns while seeing another individual yawn{iiRgalagi et al., 2014)when a flock of birds fly

awgy at the same time because one of them heard a threateningMdige 1991)or when a

room full of human newbas bursts out crying because one of them started tHofyman,

1975) There is no proof of any understanding
evidence of quick dispersion of emotions among individuals.

The second | evel is fAsympat hetalcentagionnracdghen 6 an
apprai sal of the otherdés situation and atter
The best example and most documented example of sympathetic concern is consolations,
which is defined as reassurance provided by an uniaddbystander to one of the individuals

involved in a previous fighfde Waal & van Roosmalen, 1973his behavior is easy to spot

and observe: a third party goes over to the loser of a fight, which is ushallyng distress,

and gently puts an arm around his or her shoulders. Consolation has been shown to reduce
anxiety in the distressed victim. These observations are numerous, with hundreds of
consolation events recorded in chimpanzgesWaal & Aureli, 1996Romero, Castellanos,

& Waal, 2010 Clay & Waal, 2013)More recently, atudy showed that consolation via third

party affiliation can be observed in ravef®ed et al., 2007 raser & Bugnyar, 2010a)

prairie volegBurkett et al., 2016and wolveCanis lupugPalagi & Cordoni, 2009)

The third and higher | evel o f-t aeknmipnagtoh,y whsi ccha |
summarizing by the gxr essi on fAputting yourself in othe
able to understand the other and adopt its point of view. The most compelling evidence of this
high level of empathy is targeted hétfe Waal, 1996)In this situation the animal is able to

identfy t he otherds needs and intentions, whi c
Theory of mind(Call & Tomasello, 2008)and can provide a specific help so that its partner

can obtain what he desired. Aslping others is included in the broad range of prosocial

actions, it can be difficult to distinguish the empathic impulse to help from its behavioral
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manifestation which is the action to help the partner. Nevertheless, many studies in primates
revealed tht our closest relatives are willing to h€iamamoto et al., 2002012 Warneken

& Tomasello, 2006apnd area bl e t o i1 dentify other Gareeneeds
Call, & Tomasello, 2001)

Not all altruistic behviors require empathy, though. For example, when an individual vocally
attracts others to discover food, or alerts others to an outside threat, the actor is barely taking
others into account, which are usually out of sight or not even close to thenscdkibee by

de Waal , Aithe role of empathy is i mited
comforting, behavior directed (deWaah&Suchakdi vi d
2010)

Most experimental studies investigating empathy involve negative situations like stressful
situations and conflicts in which pain, tlesss or fear are induced. Many experiments
investigate emotional contagion, which is the simplest level to test and evaluate empathy. In
rodents, both ratfAtsak et al. 2011, Kim, Kim, Covey, & Kim, 2010)and mce (Jeon et al.,

2010) expressed increased freezing behaviors when seing a social partner in distress,
suggesting the emotional contagion of fear. Another study investigated the behavioral
responses of domestic her@aflus gallus domesticysvith their chcks when exposed to a
stressful situation involving air puffs. Behavioral responses of the hens were recorded when
animals were either exposed to control condition (with no air puff), with air puff directed to

the chicks, to the hen or another controlwainly the noise of the air puff. Hens responded

more intensively to the two conditions with air puffs, but the increase of heart rate and
maternal vocalization only occurred when the chicks where exposed to the aversive situation.
These responses suggdbat adult female birds possess at least some of the essential
underpinnings of empath{Edgar et al., 2012)in graylag geeseAfiser anser bystanérs

who observed a conflict involving either their mated partner or a family member experienced
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an increase in heart rate, suggesting an increase of distress in the observer and indicated an
empathic respong@Vascher et al., 2008b)

Many paradigms may be used to investigate empathy in animals. In the present thesis, | will
test emotional contagion, the transmissionrabgonal statesrom oneindividual to another

through two specific contexts: the broadcasting of distress calls, and the exploration of novel

object in neophobic animals, which automatically prowdiear in the subjects.

a) Testing emotional contagion vilstress calls playback
Many experiments investigate emotional contagion, which isldkhest level and less
cognitively demanding form oémpathy(de Waal, 2008Preston & de Waal, 2002 he
transmission of emotional states from one individual to another may manifedterad
sensory, motor, and physiological states of others (i.e. increase in heart rate, locomotion or
cortisol level) (Hatfield et al, 1993) Emotional contagion is closely linked to automatic
mimicry, the tendency to imitatand synchronize with the movements of otl{eérechazkova
& Kret 2017) Most studies have focused on mimicry of facial expressions or on body
postures, but there are also emotional processes that involve more subtle reactions and
synchronous behavioursx h as attuning to othersd heart
transmission of crying or yawning ret 2015) Some studies report not only that playback of
human yawning sounds sufficed to provoke yawning in human receivers, but that it even
elicited yawning in dogs (and that regardless of the familiarity of the yawning p&fSibrg
et al, 2012)
This latter study that described the transmission of yawning via playback suggests that
acoustic communication may be a useful medium to investigate emotional contagion.
Vocalizations can indeed encode a broad range of information about the emitter such as

identity, age, weight(Reby & McComb, 2003) sex, kinship(Rendall et al.,1996) or
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dominance statugMathevon et al.2010) including emotional statederez et al., 2012
Briefer, 2012 Briefer et al, 201%). Per cei vi ng i nf or mati on about
potentially induce the same emotional state in a receiver or may simply increase its emotional
arousal(Briefer et al., 2017)Certain types of calls such as alarm or distress calls might have
intense emotional salience and may elicit interspecific panic and flight responses in receivers
(Aubin & Brénond, 1989)

Distress calls are very specific loud harsh calls emitted when an animal is in a situation of
extreme distress such as when sized by a predator or restrained with no possibility to escape
(Neudorf & Sealy, 2002and could be a useful tool to investigate emotional contagioey

are characterized by a complex structure, numerous harmonics, slow modultemuency

and amplitude and several repetitigAsibin & Brémond, 1989Aubin, 1991) In birds, the
vocalizations of many species show parallels in acoustic structure and often elicit interspecific
responsegMathevonet al, 1997) In line with this observation, it was found that playback of
simplified synthetic calls pwvoked similar behavioural responses in receivers of different
species, e.g in Herring gullEdrus argentatusand starlings§turnus vulgaristhe standard
response was to approach the sound source first and thefAtibimm & Brémond, 1989)
Another study that tested five different species of birds, reported that the animals responded
significantly better to conspecifics distress calls than to those of more distantly related
speci es, however they stil | (Baxtereetal.#89) The ot he
exact function of distress calls are still hypothetical and may serve different purposes, e.g. to
warn the others of the presenof a predator, to call for help, to distract predators holding
prey or to mob enemid€onover & Perito, 198Hill, 1986; Neudorf & Sealy, 2002)

The majority of experiments investigating the reaction of animals to conspecific calls use
mammalssuch asgoatsCapra aegagrus hircugBriefer et al., 20156, 2017) horsesEquus

ferus caballugLemasson teal., 2009) pigsSus scrofa domestic@®upjan et al., 2011)3ogs
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Canis familiaris(QuervelChaumette et al., 2016)ats Ratus norvegicugSaito et al., 2016)

or even lizardd.iolaemus chiliensigLabra et al., 2016)In birds, most of the studies on
distress calls focused on structugAubin, 199), and functional aspeci®Neudrf & Sealy,

2002 Conover & Perito, 198]1)but did not take into account the social bonds between
emitters and receivers. Indeed, studies exploring emotional contagion between conspecifics in
birds are scarce. Geese also recruit conspecificeedfdbk by emitting calls indicating their

mood to fly away. Departure was preceded by an increase in the arousal state of flock
memberg(Ramseyer et 312009 Raveling, 1969 Kotrschal, 2012) Most of the studies on

birds about emotional contagion that links to familiarity and social interaction focussed on
psittacids and corvids, the two awi groups that exhibit the biggest brains relative to body
size and the most advanced cognitive abili(Eesery, 2006 Pepperberg, 1990Budgerigars

can fAcatcho t fvdler gtalw20120 2012b;Galue et al, 2015) and birds
stretched more in pairg when they could see a conspecific stretcli@allup et al.,2017)
subadults raves synchronize their playfOsvath & Sima, 2014)and keas join into
conspecificsdo play when(Schwing gt ajh?él3)rParwtp are i f i C
appropriate candidates to investigate responses to conspecifc calls as it has already been
demonstrated in several studies that they possess individual vocal sigr{Beng<t al.,
2011)and are able to recognize others by their voWeanker et al. 1998 BuhrmanDeever

et al., 2008 Berg et al., 2011 Balsby & Scarl, 2008) Spectacled parrotletsF@rpus
conspicillatug, for example may use intardividual variations of six acoustical cues in their
contact calls to encode information about thdividual (Wanker & Fischer, 2001)These

birds are also able to respond differently depending on the emitter of the contact calls, adults
preferring to respond to the contact calls of their mates while subadults reacted to the calls of
their siblings(Wanker et al., 1998)In the @glah Eolophus roseicapillus an Australian

cockatoo, birds responded differently to the same type of calls, depending on the sex of the
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emitter, suggesting thatehvocal signal encode informations about the sex and the identity of
the emitter(Scarl, 2010)Consequent | vy, investigating birds:¢

calls could provide valuable insight on the transmission of negative emotions.

b) Testing emtonal contagion via neophobia
In nature, individuals areoafronted with many dangerous situations throughout their daily
life, when foraging, searching for mates or when simply resting. To avoid predators or
intoxication by new types of food, animals have evolved strategies to reduce the risks, e.g.
related to éraging. One of these strategies is referred to as neophobia, i.e. the aversion of
novel ty. It i s defined as fithe avoidance of
because it has never been experienced and is dissimilar from what hasgeresnead in the
individual 6s past; the concept I's associate
correl at es o {Gredneesgr& Mettkdsofmanm,s2@04)n contrast, neophilia is
defined as fithe spont an ealitesn, patetor object because ito f ar
i s n @ebbidhoFessl, & Blomqvist, 2009Avoiding interactions with potential sources
of danger can increase the survival of individy&errari, McCormick, Meekan, & Chivers,
2015)but at the same time represents a cost because it lowers the level of exploration and as a
consequence constrains the subjectds acqui s
resouces(Greenberg & Mettkdnofmann, 2001)
Several studies on neophobia in birds have focused on their responses to novel objects
(Greggor et al.2015)and have encompassed a wide range of taxa. Most of these investigated
speies, particularly the smaller passes species such as great tRarus major
(Dingemanse et al2002) zebra finched aeniopygia guttatdBeauchamp, 2000)ktarlings
Sturnus vulgaris(Boogert et al. 2006) but also larger passerinesich as corvids, e.g.

jackdawsCodoeus monedula(Katzir, 1982 1983 Schuett et al.2012) ravens and carrion
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crows Corvus corone(Miller et al, 2016) but also galfiormes such as japaregjuails

Coturnix japonica(Turro-Vincent et al. 1995) or parrots(Fox & Millam, 2007) all face

predation in the wild. Consequently, they all have been found to exhibit high levels of
neophobia and escape responses when faced to novel objects.

Many recent studies investigating personailityanimals used exploration and neophobia as
measurable traiteRéal et al. 2007) Most studies have used the latency to approach a novel
object, as the main variable, but because s$hadies often slightly varied in their
methodology, particularly in how the novel stimuli were presented (e.g. whether or not a
reward was presented near the novel object, or if the birds were forced to enter novel
environments, or whether the novel objeovel food was additionally presented in a novel
environment, etc.), the comparability of those variables within and between species studied
often remains weafsee Greggor et alR015 for review)Moreover a clear distinction need to

be made between testing fineophobi ao, when a
when novel objects are introduced and experimenter measure the bird tendency to explore
these objects out of curiosifilettkeeHofmann et al.2002 Tebbich et al., 2009Many such

studies aimed at characterizing explorative and bold individuals objectively. One of the first
hypotheses that arose was that dominance status might play a role in expleehtoror and
neophobia. In zebra finches for example, the level of exploratory activity seems to predict
leadership, the tendency to initiate foraging but not high dominance g¢Bdasichamp,

2000) I n a study on jackdaws, Ainitiatwel so, i
food, were socially mid or low rankinglatzir, 1983) partly complying with another jackdaw

study showing that initiators ranked in the m&ldl o f t he gr (®aelh &8958)Ihi er ar ¢
contrast, in ravengCrvus cora¥, a species of the same genus, social rank did not derrela

with approach behavidiStowe &Kotrschal, 2007)In domestic dogsGanis familiarig high

ranking individuals tended to manipulate novel objects for longer than low ranking ones but
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surprisingly no such difference relating to social rank was found in the closely related wolf
(Canis Iipug, a highly social species in which the social hierarchy plays a predominant role
(Moretti et al, 2015) These results suggest that contrary to previous thoughts, less neophobic
animals are not necessary higimking individuals and exploration and dominance do not
seem to be correlated

Other studies focused on whether the social context may have an effect on subjects exposed to
a threatening new object. Most of these studies, tested the subjects in several conditions, i.e.
alone, with a preferred partner (usually a sibling), and witbrepreferred partner and/or the

entire social group. A comparative study on social groups of dogs and wolves reared under
comparable conditions showed that both species investigated the novel object for longer in the
pair and in the pack conditions thanthe alone condition, suggesting that the presence of
other individuals either elicits the exploratory behavior of animals or reduces their neophobia
(Moretti et al., 2015) Another study showed that ravens manipulated novel objects more
when they were with a partner (dyadic condition) or with the entire group than when they
were done (Stow et al. 2008). More recent work on corvids showed that the presence of
conspecifics (both that of a single conspecdr that of a group) increased the exploration
behavior of both ravens and carrion cro@eifvus corong another corvid species, compared

to a condition in which they were aloMiller et al., 2015) More generally, these different

corvid studies found that individuals were very inconsistent in their behavior, both alone and
in social context§Stoweet al, 200&; Stéwe & Kotrschal, 20QMiller et al., 2016)

Few studies so far have focused the emotional aspect of neophobia, i.e. the underlying
level of stress. The avoidance of novelty is likely to be driven by fear, which often manifests
in observable streselated behaviors. Even if neophobia may be elicited by some sort of
automaticestspe response which may i mprove the ani

underlying emotional state fear, and its transmission from one individual to another
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through emotional contagion, the lowest level of empdtley Waal, 2008xhould not be
nedected. Neophobia is often expressed via-faad stresselated behavior induced by a
potentially threatening object. Several historic studies investigated the link between fear and
social contextin animals and demonstrated that the presence of a aiitspdfectively

reduced the fear response of subjects in(Rawitz & Mason, 1955)cats(Masserman, 1943)

and goatgLiddell, 1950) Other studies on rats also showed that the presence of conspecifics
reduced the behavioural signs of fear: male rats exposed to a stressful noise froze less when in
a group of conspecifics than when alone. The same study also demonstrate@shatastr
increase the desire to interact with other individuals: stressed animals sought the presence of a
conspecific more than nestressed animals, suggesting that social contact may alleviate stress
to some extenfTaylor, 1981)

The emotional aspect of neophobia was barely tested until now and it appédhe tfesar
associated to novel object exploration could be used to measure the transmission of emotional
states from one individual to another. Testing partners sharing a special affiliative bond, could

be even more useful to assess the link between emabtiontagion and affiliatian

4) The implication of social affiliation in prosociality and empathy

Many factors could influence prosocialitguch as the amount of reward obtair®dthe
participantgRange et al., 2009)the effort of the taskMassen et al., 2012ee Cronin, 2012

for review) or the degree of affiliation and familiarity between individutde Waal &
Suchak, 2010)Iin capuchin monkeySOdebus apelly some individuals stopped to parnate

in an experiment if their partner received a more attraceward than themselves for equal
effort. The effect is even amplified if the partner received a better reward without providing
any effort(Brosnan & de Waal, 2003WWhen a negative reaction to an unequal outcome is

observed in the subject, we talk about inequity aversion(f&hr & Schmidt, 1999)
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However, even if IA hasan impact on the motivation to agirosocial, affiliation and
familiarity also seem to play a aial role in the maintenance of prosocialjBrosnanet al,

2005, 2006 de Waal & Suchak, 2010Affiliative relationships are commonly described as
high quality social bnds between individuals that are usually characterized by the exchange
of sociepositive behaviors such as allopreening or allofeeding, as well as by the time spent in
close mutual spatial proximisimpson, 1973Nishida, 1972Mitani et al, 2000) Affiliative
relationships can, but must not necessarily be based on genetic relat@dmasiset al.,

2000) In chimpanzeesRan troglodytes when given the choice of a cooperative partner,
they prefer partners with whom they have a tolerant relatioristeps et al.,2011)and IA is

less pronouncenh a group of captivehimpanzees living together for more than 30 years than

in a similarly housed group of chimpanzees with a much shorter h{&mgnan & de Waal,
2005) Rats help trapped strangers of a different strain only if they have been previously
housedin the same cageith them (BenAmi Bartal et al., 2014)In capuchins, prosocial
tendencies increase with sociabstnesgde Waal et al., 2008)The stronger the affinity
between two monkeys, the more time they spend together in close proximity and the more
they choose the prosocial token twvaed their partnefde Waal et al., @08).

In capuchins, prosocial tendencies increase with social clos@ded¥aal et al.2008) In

keas, when tested in a loesting paradigm Were birds had to cooperatedotain a reward,

birds cmperated more with affiliates and were also more successful when tested with
affiliates than with noraffiliates (Schwing et al.2016) The stronger the affinity between two
monkeys, the more time they spend together in close proximity and the more they choose to
reward their partnefde Waal et al., 2008RRegarding cooperation, familiarity and tolerance
enhance it while inequity damagegde Waal and Suchak 201Brosnan& de Waal 2014 for

review)
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Concerning empathic abilities, thegesn to play a role in the formation and maintenance of
social bondgAnderson & Keltner, 2002and manifestations of empathy such as emotional
contagion or consolation are more likely to happen between socially close individuals, sharing
strong affilative bondsGiven that empathy is mostly observed between affiliated or pair
bonded individuals, it is a reasonable hypothesis that emotional contagion is enhanced
between such affiliated individualreston & de Waal, 200# Waal, 2008)Previous
studies have reportetiat familiarity can play a role in the strength of an emotional reaction

to conspecific behaviour, especially in grdiying social animals. An experiment in horses
showed that they were able to discriminate individuals by their voices, dependingron thei
degree of familiarity. Horses adjusted their behaviour depending on the degree of familiarity
they shared with the emitter. Interestingly, horses exhibited the strongest behavioural
reactions in response to unfamiliar calls, and lowest in responseuip irEMberglL.emasson

et al.,2009) A recent study on dogs revealed a heightened stresssesm subjects exposed

to conspecific whines as opposed to a control sound, but no significant differences were found
between their response to familiar whines compared to those of unfamiliar individuals
(QuervelChaumette et al2016) Another study on mice that used a differeppraach to
investigate emotional contagion showed that the animals froze more often when they saw a
familiar conspecific receiving electric shocks compared to an unfamiliar individual
(GonzalezLiencres et a).2014) Finally, in greylag geese, another study found that the geese
increased their heart rates more when they observed affiliated individuals engaged in an
agonistic interaction than when they saw fighting -affiliated individuals(Wascher et a|.
2008).

Indeed, contagious yawning which is a behavior classified as empathic, is more contagious
between socially close individualn a recenstudy on yawning in bonobd®an paniscus

and humans, reported that yawn contagion was higher between individuals sharing affiliative
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relationships than between naffiliated individuals (Palagi et al. 2014) Similar
observations have been made in gelada bab®basopithecus geladéPalagi et al. 2009)

Another study on bonobos found that yawn contagion increased when individuals were
strongly bonded and when the triggering subject was a fefDal@uru & Palagi, 2012)To

our knowledge, no stly has tested, the impact of affiliative bonds, which should have a much
stronger effect than familiarity, in studies on emotional contagion in anii@etslarly to

humans, chimpanzees, bonobos and gelada balwemsore likely to yawn when a familiar
conspecific yawns, and the closer the social bond between di@ig, the more contagious is

the yawning. The same results were observed in dogs, linked to the affiliation they share with
their owners. The contagious rate of yawning in dogs was higher thibeanimal saw its

owner yawning rather than unfamiliar human models yawiiRgmero et a). 2013) In
chimpanzees, consolation is provided by kin and other valuable partners, usually the own
Afriendso (Kufsukakd & Castlesc2004m After a conflict AfTr]
recipient of aggression offered consolation significantly more often than did friends of the
original aggressor and ndnends (Romero & de Waal, 2010)These results are consistent

with those observed in raverSdrvus cora), in which consolation from bystander to victim

only happens between valuable partners, with which thelyagge preening,itsin contact

and provide agonist support.

Concerning neophobia and novel object exploration, affiliatietween tested partneatso

seems to play a rolen exploratory tendencies of the subjeRavens were tested in a
paradigm, whichexposed the subjects to novel objects or food both alone and in a dyad,
which consisted either of siblings or of unrelated subjects. This study distinguished between

sl ow and fast individuals and found itklrat t he
when alone, than when tested in dyadic con

facilitated by the presence of a fast sibling; they explored novel objects quicker and for longer
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when paired with fast siblings than when alqi$towe & Kotrschal, 2007)A study in
Japanese Black drHolstein heifersBos turug recorded the reaction to a novel object in
groups of animals. Cows were either in dyads or in group of 5 individuals, which were either
familiar or unfamiliar conspecifics respectively. There was a significant effect ofidatyi

When exposed to a novel object, cows spent much more time trying to escape when placed in

an unfamiliar group than when with familiar conspeci(itakeda et al, 2003)

5) Measuring prosodlity in artificial conditions

Testing the motivations wunderlying prosoci al
are very complex and need experimental studies in laboratories under controlled conditions to
precisely assess immediate and deldyedefits of both actors and receivers. It is crucial to
develop paradigms that can be used in artificial conditions to investigate these questions
carefully. | report here several examples of paradigms used to assess prosocial tendencies in
artificial condtion, such as the Prosocial Choice Task (PCT), instrumental help and rescue

tasks and cooperative tasks.

a) The Prosocial Choice Task
The easiest way to assess prosocial tendencies in animals is to test their propensity to provide
food to their partners. Th€rosocial Choice Task (PCT) is the main paradigm used to
measure prosociality in animgISilk et al., 2005Horner et al., 2011)it is a paradigm based
on foodprovisioning where subjects may choose between different options, usually via token
exchanges, or by giving access to a reward to the partner at no supplementary cost. Usually,
the actor has two different choices: either
subj ect only or the Aboth rewardso alternat.
partner Hernanded allement et al.,, 2015) Someti mes a third opti ol
added where no food at all is provided to both participants as a control condition. An
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alternative PCT paradigm has been designed where the actor receives no rewardto order
avoid the distraction of the food, but in this case, the cost for the donor is increased and their
willingness to act prosocial is usually reduddénsen et al., 200&ronin et al., 2009)It
appeared that the presence of visible food disturbed performances of individuals, especially in
chimpanzeegqWarneken et al., 200/which could explain their poor performances on
previous prosocial task€onsequently alternative gzaligms with no visible food have been
designed to avoid this bias.

Several versions of the PCT paradigm exist. The most common one is using token exchanges
(Dufour et al., 2008pr pulling trays(Jensen et al., 20063ome other experimental agis let

the possibility to the actor to provide food to a partner, at no supplementary cost, usually
while pressing a leverLglot et al., n.d)r while opening a baited compartmégB8chwab et

al., 2012)

The PCT showed prosocial tendencies in many primate species: common mafBwgets,

et al., 2007) capuchin monkey&le Waal et al., 200&le Waal, 1997)maca@ues(Massen et

al., 2010)and bonobogPelé et al., 2009)n our closest relatives, conflicting results have
been collected, suggesting that apes like chimpanzees and bonobos were not concerned by
ot her s(@anetalk @XE5SIilk et al., 2005Jensen et al., 2006lndeed, chimpanzees

have been seen for years as reluctant altruists until an experimental study showed that they
were able to reward others via tokencleanges. These prosocial choices occurred both
spontaneously without any solicitation and in response to solicitation by the geidneer et

al., 2011)

In birds, some attempts to investigate prosociality while using the PCT revealed contrasting
results. RavensQorvus corax did not demonstrate any prosocial tendencies in a token
exchang€Massen et al., 2015aimilar results have been observed with a modified paradigm

involving trays to pull: birds did not act prosocélid often ceased to participate when they
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did not receive any reward for themselyeambert et al., 2017)Another species of corvids,
jackdaws Coloeus monedu)ahad to open a box which was either bated on both sides (for
both actor and receiver, prosoci aptionoNdat i on)
significant preference for the prosocial option was spotted but actors were more prosocial
when the recipient approached first the box and placed themselves near thg $ewaab et

al.,, 2012) Finally, African grey parrots have been tested with a paradigm involving four
different cups, and could choose to have no reward at all (null) to keep the reward for
themselves (selfish), to share the reward with the partner (share) or to denatsard to the

other (giving). Birds acted differently depended on who can choose tokens first and were not
eager to share or reciprocdferon et al., 2013)n another followingup study, it has been
observed that African grey parrots were able to reciprocate favors with the human

experimater(Péron et al., 2014)

b) Instrumental helping and rescue
Another manner to test prosociality in artificial conditions is to test whether an actor will help
when there is no benefit for itself. There is no strict consensus protocol but in each situation
an ador can help a recipient to do an action that the recipient cannot manage alone: obtain a
valuable item or an otdf-reach tool for example, or open a box to give access to a reward, or
to free a partner. These actions have been labelledaageted help and suggest that the
donor understands the recipientds needs and
Il n most protocol s, actors have access to vi
study tested dyads of chimpanzees in-ts# situabns. Animals were tested in two adjacent
rooms, separated by a grid, and each subject possessed the tool that the other needed to solve
the task. For example a chimpanzee in the sigg situation has access to a straw, while its

partner in a strawase guation was provided with a stick. Researchers observed that partners
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transferred tool to each other, and that the
request (Yamamoto, Humle, & Tanaka, 2009Another studyfrom the same team
demonstrated that a partner was able to choose the tool the recipient needed out of random set
of seven objects. Interestingly, this targeted helping (the selection of the right tool) was only
possible when the helper had avisual agcest o it s partneros situat.
the subject still tries to help but cannot select the right obysahamoto et al., 2012Dlder

studies also revealed that chimpanzees could help other (both conspecifics and humans) at
both lowcost and also in costly conditions requiring climbing and maneuvering to retrieve the
target objec{Warneken & Tonasello, 2006pWarneken et al., 200@nd can help to retrieve

both food and nowdible items(Melis et al., 2011) These experiments suggest that
chimpanzees are willing to help others with and without solicitations and they are also able to
understand their conspecificsd goal s. Howev
needed in otér animal taxa.

Some recent studies investigated rescue behaviors in rats and suggested that helping in these
conditions could also be driven by empa{BgnAmi Bartal et al., 201;1BenAmi Bartal et

al., 2014) In these experiments, a rat was trapped in a small Plexiglas restrainer and a partner,
free n the arena, was previously trained to open the tube and was able to free its cage mate.
Results showed that rats learn quickly to intentionally open the restrainer and free the cage
mate, even if social contacts were prevented with the twoited parters. They opened
significantly less empty restrainers or restrainers containing inanimate objects. And when rats
had the choice between a restrainer containing chocolate reward and the restrainer with their
prisoner cage mate, they usually opened the aiestr with the reward, then freed their
partners and shared the food together. The results have been highly debated, and still are

(Vasconcelos et al., 2013ilberberg et al., 2014)
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c) Cooperative tasks and taking the other into account
Cooperation, which is a prosocial behavior because it provides benefits to a partner, aroused
interest from researchers of many different fields, from psycholagnamics, behavioural
ecology and ethology. Consequently, many of them tried to define this phenomenon. The
definition of cooperation kept in this wor
i nteractions or series oWvVeragedbactress!| than,
participants. The term includes all other terms that have been used for mutually rewarding
interactions and relationships: reciprocity, reciprocal altruism, mutualism, symbiosis,
coll ective act i oiobeter dndegstandfthe cognitive éamplications af sleh
behavior and how animals understand the consequences of their actions on themselves and on
the others, a study on cooperative hunting in chimpanzees defined several levels of growing
complexity of @ganization between huntefBoesch & Boesch, 1989%imilarity, where all
individuals do the same action without any spatial or time relation between themmrosync
where all individuals do the same action at the same period of time, coordination where all
individuals concentrate on similar actions
actions and collaboration, where individuals perform different ¢ementary action directed
towards the same common goal.
To investigate cooperation in controlled conditions, two main paradigms have been used: the
Al o®@seing paradigmo on one hand, where ©bot
simultaneously to obtaithe food rewardHirata & Fuwa, 2007)On the other hand, other
studies most tlexclhasmgtehepafftdkgmo where indivi
exchange tokens of different value from one animal to another to obtain a reward and
potentially trigger reciprocit The paradigm is an adaption of the PCT seen afiow®ur et

al., 2008 Pelé et al., 2009
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Even if no understanding of the otherds act.i
like similarity (Visalberghi, Quarantotti, & Tranchida, 200@xking the other into account

seems crucial to coordinate and collaborate efficigi@lyalmeau & Gallo, 1995)To assess

the wunderstanding of the partnerds rol e, S C
communicate with their partners during a cooperative task, especially with an increase of gaze
frequency diected to the other. When confronted to a cooperative pulling task, capuchins
monkeys Cebus apellpglanced significantly more to partners than in a control test in which

an animal could obtain the reward without h@ifendres & de Waal, 2000While using a

similar stingpulling paradigm, spotted hyenasrfcuta crocuta)watched partner at the same

rate during all the study but they looked ae thpparatus more often and showed gaze
alternation only during cooperative te@gea & Carter, 2009)

Some individuals are able to inhibit their pulling response while they have to wait for their
partners to join in a cqerative task, suggesting that they understand the role of the partner
(chimpanzeesMelis et al, 2006 elephantElephas maximyslotnik et al., 2011 wolves

Méslinger et al., 2009dogs Canis familiaris Os't oj i | & T IHewevwero birds 2014
tested while using the loose string paradigm did not delay acting on the ap@aratdid not

wait for their partners before pulling (roo€®rvus frugilegusSeed et al., 200&\frican grey
parrotsPsittacus erithacysPéron et al., 20H). Raven did cooperate efficiently, but only

when intef tolerance levels were high and when both participants received equal rewards
(Massen et al., 2015biKeas spontaneously solved the cooperative tstrégg paradigm with

both human and conspecific partners thaly failed both types of control in the training. They

paid little attention to the presence or actions of the pa(Bawing et al., 2016)A recent

study used a seesaw mechanism wizthredwinged magpiesGyanopica cyang in one of

the situations, one bird had to land on a perch to make the reward available for other members

of the group, but the actor could not obtain food for itself. Results showed that birds generally
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landed firstand then waited for another bird to retrieve the reward, suggesting that birds
clearly understood their role and the fact that the reward was only available for(btbers

et al., 2016)

6) fFeat hered apeso as a model to study pros

Emery & Clayton chose the nickname ffeather
parrots fanilies because they exhibit developed cognitiiiEgmery & Clayton, 2004
Pepperberg, 2009nd social abilitie (Emery et al,, 2008 Bugnyar, 2013)comparable to

those documented in ap@smery, 2006 Seed et al.2009;Clayton et al2007h Van Horik

et al.,2012) Even if theyshow different types of social organization depending on species,
parrots and corvids mostly form fissifusion groups, as in chinpanze@smery, 2016

Juniper & Parr, 1998and are londived species. Consequently they can collect informations
about ot herods relationships and remember pa
ravens demonstrated that they reacted differently to playbacklisf from previous group

members and unfamiliar conspecifics but also discriminated between familiar birds according

to the value of the relationship they had to those subjects up to three years in the past
(Boeckle & Bugnyar, 2012Moreover, individuals have to maintain solid relations with their
valuable partner, since they need each otheflate opponents and for agonistic support
(Fraser & Bugnyar, 2012)n ravensbystanders console victims with whom they share a
valuable relationship, ceu c i n g t h e-confiiccdistresg@raser@dBagnyar, 2010a

Fraser & Bugnyar, 2010bforvids are known both for their complex social lives and the
maintenance of affiliative relationships antlamces within their groups in addition to their

pair bondgFraser & Bugnyar, 2010Bugnyar, 2013Boucherieet al, 2017) They are also

know to be involved in social plapiamond & Bond, 2003 Auersperg et al., 201® 6 Ha r a

& Auersperg, 2017)Several bird groups, e.g. corvids and ptgy live in individualised

societies comparably complex to those of priméksery, 2004 Emery, Clayton, & Frith,
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2007) RooksCorvus frugilegugBoucherie et al., 201&017) jackdawsCooeusmonedula

(von Bayern et aR007), ravensCorvus corax(Bugnyar, 2013)and parrots(Garnetzke
Stollmann & Franck, 1991for example show similar affiliative assiation patterns than
primates, such as sitting in proximity, allopreening and allofeed®ngferential affiliative
associations occur between sexual partfi@mgers & McCulloch, 1981Wechsler, 1989)

since corvid and parrot species but also anatidae like ¢B&sz, 2001)in particularform

strong longterm monogamous pair bon(Smeryet al, 2007) but affiliative relationships are

also observed between siblinggganker et al.1996)and between unrelated individuals of the
same seXFraser & Bugnyar, 201QBoucherie et a) 2017) In corvids(von Bayern et al.,

2007 Lorettoet al, 2012)and parrot§Wanker et al., 1996tamps et al., 199Qievin-Bazin

et al. n.d) juveniles indeed exhibit €ing bonds with their siblingsiowever, vihen becoming
adults, most corvid and parrot species, mature individuals usually pair up with a single mate,
i.e. only maintain a single strong affiliative bond and, hence, their mate becomes their
preferred partne(Emery et al. 2007 Mock & Fujioka, 1990) Such longterm pairbonded

birds show many interactive behaviours exclusively with their mate such as allopreening and
allofeeding(Roell, 1978 von Bayern et al., 200AVechsler, 1989Rogers & McCulloch,

1981)

The latter, i.e. affiliative relationships other than between mates, may be less \Ati#dble.
nonbreeding ravens, for example, typically do not maintain dffféarelationships over a

long period of timg(Braun & Bugnyar, 2012)Such extrgpair affiliative relationships may
serve a strategy to find a new mate, which may be gradually transformed into a stable pair
bond (Boucherie et al., 2017)Forming affiliative associations with mates or rsmxual
partners can be rewarding in many ways. It may provide better access t{Ffasdr &

Bugnyar, 2010b)or support in conflictsituations with other group members/conspecifics
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(Fraser & Bugnyar, 2012Partners may also cooperate through coalition formdtioretto

et al, 2012)or by providingconsolation following stressful situatioriBraser & Bugnyar,
2010a)

Contrary to pimates, which are generally polygamous, corvids and parrots forrtéomg
monogamous pairs and it has been suggested thattdongmonogamy comes with an
attachmentdriven by emotion(Black, 1996) Some previous work evoke a psychological
bond between partners which may result from a common attachimetitory, a familiarity

of each other created after a long period of proximity or something akin to human affection
(Welty & Baptista, 1988)Since pakbonding in monogamousirds can last for a very long
period of time, members ofraated pair share a complex history of interactions, experiences
and emotiongvon Bayern, 2008)Some anecdotal observations dan species involved in
life-long bonding seem to indicate the existence of this emotional part too. For example, some
behavioral displays apparently associated to grieving have been reported in geese after the
death of a lifelong matéLorenz, 1966) Evenif some neurological studies are needed
correlate that kind of behavior to brain structures activation (like hippocampus) and emotions,
these findings arise many questions about partner attachment and the nature of this link.
Corvids and parrots also exhibit developed cognitive abilitiesh Borvids (magpie®ica

pica, Pollok et al., 2000Eurasian jay$arrulus glandariusZucca et al., 2007and parrots
(African grey parrot$’sittacus erithacus parakeetsPepperberg et al., 199Pepperberg &

Funk, 1990aGoffin cockatoosCacatua goffinianaAuersperg et al2014) possess object
permanence and could follow the displacemembwasible objects.

Some corvids like western scrdys Aphelocoma californicgClayton et al. 2007a)and
ravens(Bugnyar, 2007)also possess the abiityo t ake ot hersd ment al
which are higkcognitive abilities associated with Theory of mi(fremack & Woodruff,

1978) and mainly observed in primates. Many of the Theory of Mind studies in corvids
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include foodcaching paradigms. Ravens have been shown to retaathenore often when
observed by a conspecific and are able to infer perceptual access of(Btigngar et al.,

2016) They are also capable of deception and can lead a partner away from a food source
(Bugnyar & Kotrschal, 2004)Ravens are also able to plan for taek and arter with a
human experimenter with delays of up to 17 hours in order to obtain(Keaohdayi &
Osvath, 2017)Western scruppys can remember who wagtching and when, while they
were caching foo@Dally et al, 2006) They are then able to recache depending on the state of
knowledge of their observer, to plan for the future and cache food in prevision aéxhe n
morning(Raby et al., 2007)They are also able to choose food depending on the time the food
was cached: they choose to retrieve-penishable food after a long waiting perieden if it

is the less preferred fog€layton et al., 2003)Some other recent stied in European jays
(Garrulus glandariuy demonstrated that loAgsting sexual partners are also able to infer
mental states and desire of their partner in a -&lwting context. Male were able to
determine the food the female would preferentially egteciding on the food she previously
ate( Ostojil .et al., 2013)

Until now and eve if these results are still highly blgted, only European magpieBica

pica), which are part of the corvids family, did recognize themselves in the mirror and passed
successfully the mirremark test(Prior et al, 2008) These results suggest that these birds
could make the selfther discrimination which is a crucial ability to exhibit empathic
behavior(BischotKohler, 2012) A study in young human children showed that only subject
being able to recauyze their mirror reflection could provide support to experimenter
showing distreséBischofKohler, 1991)

Moreover, some corvids and parrots are very talented to use tools and could even learn to
manufacture them in captivity, while it is not a behavior they express in the wild, like in

ravens(Kabadayi & Osvath, 2017r rooksCorvus frugilegugBird & Emery, 2009) It is
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also the case of Goffin cockatoos who used rmanufactured tools spontaneously in captivity
(Auersperg et al., 2012and can also transmit their tealated knowledge via social
transmissior{Auersperg et al., 208t New Caledonian crow€prvus moneduloidgswhich

are natural toelusers are also able to shape hooks from raw mafeviar et al., 2002and

to construct different type of too{slunt, 1996 Hunt & Gray, 2004)

Until now, many studies havavestigated foogharing in avian smal groups of members of
the corvid family, i.e. jackdaw@le Kort et al., 2006; von Bayern et al., 2QQ3hyon jays
Gymnorhinus cyanocephaly®uque & Stevens, 2016yavens(Boeckle et al. 2012)and
rooks(Scheid et al., 20Q8oucherie, 2016)A much less studied group of birds, the order of
Psittaciformesincluding parrots and parads, shares several life history characteristics with
corvids and they appear to exhibit comparable cognitive capaEtsssith et a).2014)

These numerous evidences suggest that corvids and psittacids are especially good candidates

to investig&e the link between social relationships,gwaality and empathy.

1) Biological models: general presentation

In this Thesis, both corvids and parrots were involved in this work: five species of parrots and
parakeets and one species of corvids have bgerimentally tested. All birds studied were
captive: all psittacids were birds born in captivity while jackdaws were wild born, have been
removed from the nest when they were nestlings and have beenaisadiby humans.

Even if they live in different edogical environment, and have different diets, parrots and
corvids share many similarities. They are long lived, kngeéned, have a long
developmental period before being matured, live in social groups with fissamn dynamic,

form longterm monogmous pair bonds and are already known for their complex cognitive

abilities, their flexible behaviors and abilities to solve complex problems.
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1) Psittacids

a) Cockatiels (Nymphicus hollandicus)

Figurel. From left to right: Viviane, Hermés and Sita, three cockatiels from Nanterr

colony. Photo: G. Huet des Aunay

Cockatiels are small nomadic paesks endemic to Australia. They are living in arid and
semtarid areas in pairs or flocks up to 100 birds and are forming-llsiong pairbonds
(Juniper & Parr, 1998)They feed mainly on seeds. Even though they are one of the most
familiar pet parrots and a common cagebird all arotnedvtorld (since the end of the th8
century), they have not been much studied as biological models of avian cognition yet. To our
knowledge, the only behavioral studies on cockatiels until now focused on reproductive
behavior(Myers et al., 1988Mlillam et al, 1988) egg productionéMillam et al., 1996) mate
compatibility (Spoon et al., 2004¥amamoto et al., 198%nd gender effects amggression,
dominance rank and affiliative behaviofSpoon et al., 2004Seibert & CrowelDavis,

2001) A case study investigated if one single indidtof 8 months old possessed an object
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permanence, and was able to retrieve hidden objects and follow object movements, which was
demonstrated in the experiméRepperberg & Funk, 199Q3ome other stlies investigated
taste perception in this speci@gatson et al. 2001) and personality traitspnce again to

maximize reproductive success for breedBox & Millam, 201Q Fox & Millam, 2014)

b) African gey Parrots(Psittacus erithacus)

Figure2 African grey parot during preening.

Photo: Wikipedia creative commons

African grey parrots live in primary and secondary rain equatorial forest and wooded savanna

in Africa (GuineaBissau to Tanzania). They mainly eat fruits and seeds. They are social birds
which also live in&rge flocks, join during mobbing events and form lb&gnm monogamous

pairs (Jones & Tye, 2006) | rene Pepperbergds pioneer wor
parrot provided us some preas insights on these birds developed cognitive abilities

(Pepperberg, 1990yvhich have been since completed by more recent works. Grey parrots are
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known for their functional vocalizations associated with the adgnsof complex concepts
such as same/different, shapes, colors, num{Repperberg, 19811983 1987a) their
numerical abilities (Pepperberg, 1987b1994) and their ability to distinguish several
guantities(Al Ain et al.,2009) They are also able to cooperate in artificial tasks (Péron et al.
2011b), to act prosocial with a conspecific with an human experimenter, depending on this
human behavioural attitud@®éron et al.2013 2014)and to adapt their responses adauy

to the experiment er2@16). i ntentions (P®ron et

c) Bluethroated macaws (Ara glaucogularis)

Figure3. Pair of bluethroated macaws. Photo: Wikipedi

LA
LN

creative commons

Macaws are large birds (8B cm) living in SouthAmerica. Bluethroated macaws are
endemic to small areas of western Amazon b&g¥emashita & de Barros, 2013Yhey
generally live inlongterm pairs andra less gregarious than other parrot speciesy also

mainly eat fruits and seeds. The juveniles stay with their parents only for a brief period of
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time. This is probably why so few family parties are observed together in th€Jwigber &

Parr, 1998)

d) Scarlet macawsAra macad

Figure 4.Scarlet Macaw. Free image from Pixabay

Scarlet macaws arthe most widely distributed (Mexico to Brazil) of the 17 extant macaw
specieqVaughan, Bremer, & Dear, 20Q3heylive in lowland tropical forests and savanna.

They are cavitynesters and form loagrm monogamous pairs. They usually form small
groups, as they are gregarious birds like moshbers of the parrot familyTheir diet is the

sane than other parrots, and they mainly eat fruits and seeds.
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e) Sun conures (Aratinga solstitialis)

Figure5. A pair of sun conures. Photo: Pixabay

Sun conuresire small parakeets, distributed in Negthstern South America. Their habitat is
restricted to dry, sendeciduous forestsThey also eat fruits and seeds, form lbeign

monogamous pairs and live in flocks of up to 30 b{disiper & Parr, 1998)

To our knowledge, no behavioural experimental studies involving these three species of
parrots have been ever publishget. Most publications investigate their protection and
conservation statu®rightsmith et al., 2005Guedes, 2004)yeproductive succegBerkunsky

et al., 2014)genetic analyses for reintroduction and taxondigder et al., 1999Ribas &
Miyaki, 2004 Silveira et al., 2005Lucca, 1984)or veterinary reports of diseagi€erski et

al., 2012) Only one PhD thesis investigated cooperation in a flock of gneéeged macaws

(Ara chloroptera via several lever paradigniSpitzhorn, 2009)

62



2) Jackdaws

—— | =5 | |

Figure6. Jackdaws from the™aviary in the Avian Cognition Lab. Photo: Agathé

Liévin-Bazin

Just like parrots, jackdaws form social dynamic groups called colonies in which several long
term monogamous pairs aggregate tbhge live in proximity and cooperate to mob predators.
Jackdaws are opportunistic, they eat fruits, seeds, eggs and meat (small invertebrates, rodents,
roadkills Lockie, 1955)and are found through all Europe, loving to nest at the top of
buildings, chuches and towers as they are cavigstersJackaws are mall highly social

and longterm monogamous corvids that typically breed in colo(iRégll, 1978)

Contrary to parrots and p&eets whee social and physical cognition have been rarely
studied, jackdaws have been observed since
their linear hierarchical group structure, with paimded birds sharing the same rank
(Lorenz, 1931) Some other recent studiesvestigated dominance, hierarchy and their

consequences in term fithess in jackdaws. Exploration of both novel object and novel space
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seems also linked to the social structure of the group : in each social group, some birds
initiated the approach and @rration of novel space and/or objects but irgengly top

rankng birds did not act as initiators, suggesting that dominants are more conservative
(Katzir, 1982 Katzir, 1983) A more recent study demonstrated that dominands haveow

fithess because it is costly to be on top of the hierarchy. Dominant males produced fewer
nestlings, which had lower chances of survival to 1 year of\&gihulst & Salomons, 2004)
Jackdaws are also especially renowned for their social association and the strength of their
bonds (Kubitza et al, 2015 Wechsler, 1989) Mates form strong associations, are very
competitive for resources with other mated pairs, especially for siest and a strong
cooperation ases between mated partners to protect their nest from intruders during the
breeding seaso(Roell & Bossema, 1982)They are known to form strong, exclusive and
long-lasting monogamous pair bon@&echsler, 1989Hendersoret al.,200Q Kubitzaet al,

2015) in which partners cooperate to monlp® nests and raise nestlin@goell & Bossema,

1982) Like many corvids, jackdaws have been reported to be highly neodatbar, 1982

,1983 Greggor et a).2016)and, appear very sensitive to conspecifaze(von Bayern &
Emery, 2009Davidson et al. 2014) They are also able toecognize different human
individuals and to differentiate a threatening mask from a neutral one and adapt their behavior
accordingly to protect their nest and chi¢ksavidsonet al, 2015)and appear to respond to
humands at t @ontBayerm& Emery, t2@G08Mben tested in a social facilitation

task with objects, juvenile jackdaws seemed to attend more to the objeesdfilaed
conspecifics had interacted with than to those that affiliated indivithaiexplored (Schwab

et al. 2008a

Jackdaws O6te act peosodia Inas §lso been investigafedtudytestedthe ability of
jackdaws to reward a partner in a prosocial task with different reward options: prosocial (both

birds received a reward), altruist (only the receiver had food), selfish (only nioe zeived
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food) or null (no reward). Donors had to open a box which was either baited on both sides (for
both actor and receiver, prosoci al option) ¢
showed that the recipobentds bébaceould ndekdct
prosocial when the recipient approached first the box and placed itself near the reward, than
when actors approached first. And donors were more prosocial or altruist with o{geasite
partnergSchwab et al., 2012Yhe same team also examined the link between social learning
and the relationship between the demonstrator and the observer. Surprisingly, jackdaws did
not learn from anygonspecific or learned fromither norsiblings or norpair partners when
bonded, which suggested that affiliates spend so much time together in proximity that they
learn andexperience the same things at the same moment and do not need to pay even more
attention to each other to igainformation about their foraging strategies. More distant
individuals, experiencing other situations are more likely to provide new infornm{(&wdnvab

et al, 200&)

As other corvids, like ravens, jays or magpies, jackdaws have been suspected to possess
theoryof-mind-like abilities, because their comep social associations involved to always be

in close proximity with other pairs and potential competitors. This meanghay have to

keep tracks of movements and interactions of others to protect their own resources and know
with whom forming alliance. Nevertheless, they did not cache much food in the (Wiahty,

1975)so they could not been tested with the same experimental paradigms involving caching
strategies as ravens and jays. However they seem to be able toertkeptpal states and
intentions in another species: humans. Indeed, a recent study showed theav$asiede able

to distinguish diffeent human individuals and could also differentiate intentions of these
observers, wearing human face mask, dependingeopdsition of these masks. They adapted
their behaviour and responded with defensive behaviour if the gaze cues (the eyes of the

mask) were directed towards their né3avidson et al. 2015) Moreover, jackdaws are able
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to follow a human experimenterods gaze direct

it implies a signaller and a receiver from two different species Bayern & Emery, 2009)
They are also one of the rare bird species which have been testedrfirrtiienark taskput

until now, no sign of mirreself recognition has been shown in this spe¢&ser et al.,
2014)

Jackdaws have also been tested in prosoagkist A study in youg jackdawsshowed that
active giving, as a costly signal, promoted and strengthened bonds between individuals and
also seemed involved in pair bond format{®on Bayern et al., 2007)ndeel, the birds that
shared food during the 3 months period following fledgling, became increasingly selective
until they exclusively shared food with only one partner, who usually became their mate.
Consequently, the pportion of food exchanged and the n@nbf dyads involved in foed
sharng decreased over time, after a peak during tBen®onths period post fledging. The
same pattern of food giving has been observed in another population of captive ja@dealaws
Kort et al., 2006) This decrease over time could indicate the functional aspect otfarthg

in pair bond formation, since young jackdaws choosg# ttielong mate very early in their

life, usually in their first autum¢Lorenz,1931)

All these results suggest that jackdaws possess a corspteal life and that the strong

affiliations between individuals may play an important role in reinforcing and maintaining it

over time.
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IV) _Aim of this Thesis

As described earlier, the soidfic community recently showed a growing interest for
emotional and social life of animals and the cognitive underpinnings of these behaviors.
Recent discoveries also made us understood that other animal taxa, like birds, possess apes
like abilities in managing social complexity and problem solving in a changing environment.
The aim of this Thesis is to investigate the role and implication of social relatedness and
affiliation in prosociality and empathy in
families of birds with the most advanced cognitive abilities presently known. | investigate the
existence (or the absence of evidence) of prosociality in psittacids, since only few studies
have been conducted with these birds. | also evaluate the ematmmactedness between
individuals in both parrots and corvids. | concentrate on the transmission of negative emotions
from one individual to another and the behavioral responses of individuals when put in a
stressful situation with or without their prefedrpartners.

In the first study | report the results of a developmental study on both-$badingand
affiliative behaviorsn young cockatiels over a 3 years period. We investibatether food
sharing, which is a prosocial behavior, could be usea esstly signal to choose a reliable
mate and to form early pdiond affiliations. This experimentasa replication of a paradigm

used with young jackdaws by Auguste von Bayern, my germansBp&rvsor. We stuikd if

similar patterns could be observedthese two evolutionary distant species sharing many
similarities in their ecology and behaviors. The degree of affiliation and the way preferential
links between individuals evolve other timesre also investigatedOur aim was to run a
longitudinal stug of foodsharing in young cockatiels peers over a 3 yparsd of time,

which is longer than previous similar stud{@kheid et al., 20Q8/on Bayern et al., 2007)

We extended the von Bayern et al (2009) study on jackdaws, using thersghusblogy
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even though cockatiels were older than jackdaws when the experiment started. We were
interested to see whether a similar developmentalrpatteuld be observed in cockatiels as

in jackdaws and if the foesharing between juveniles similarly would predict gzond
formation in adults. In this study, the birds were observed at four distinct periods, i.e. from a
young age (around 9 months olidjtil the moment they reached sexual maturity (over 2 years

old) and we focussemh both their fooesharing as well as their affiliative behaviour.

In the second study, | investigdtthe existence of emotional contagion, the simplest level of
empathy in ockatiels and quantify the behavioral responses of birds to a stressful stimulus
(distress calls) depending on the level of affiliation shared between the emitter of the calls and
the receiver of the calls (the subjectthiose to study the behaviouragpenses of cockatiels
(Nymphicus hollandicgs a highly social, longerm monogamous species, belonging to the
cockatoo family, to conspecific distress calls of varying degree of affiliation. Cockatiels
exhibit a rich vocal repertoire and should be capatfleindividual vocal recognition
(Saunders, 1983We exposed individuals to a control sound (white noise) and to two types of
distress calls: the distress call of a partner, a bird with which the subject meadngastrong
affiliative bond, and the distress call of a Auartner, a familiar bird housed in the same
aviary but which shared no particular relations with the subject. Our goal was to investigate
whether the degree of affiliation between individualsuldde reflected in the strength of the
behavioural response of the subjects. We recorded and analysed the behavioural responses of
the birds to the different stimuli described above, before, during and after playback stimuli,
expecting that the birds walishow the strongest response to distress calls by their partners
and would also respond but to a lesser degree to those of other group members. It is, to our
knowledge, the first study investigating emotional contagion towards the response to

conspecificdistress calls depending on affiliation in birddy hypothesis is that subjects
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sharing a strong affiliatiomould react more intensively to the distress calls of their partners,

than to the calls of their nguartners.

In the third study | presentthree experimentdnvestigating prosociality via a Prosocial

Choice Task involving token exchanges in four species of parkodsglaucogularis Ara

macag Aratinga solstitialisand Psittacus erithacudn the first experiment, birds were tested

for their prgensity to reward a partner at no supplementary cost by choosing one object
among a set of the three available items via the PCT paradigm. This experiment investigated

the existence of prosociality in these species by studying whether parrots prefecoedesut

that benefited a partner over outcomes that provided no benefit to it. We selected individuals
sharing preferential bonds to participate in this experiment. Macaws and parakeets were tested
with their mates or their siblings. Each bird had only oreggored partner in testing session,

except in the case of African grey parrots, which were tested with two different partners. In

this case, we expected that the relationship between the birds would influence their behaviour

and preferences. Accordingtieeir tolerance and previous interactions, they could be more or

less willing to reward their partner.In the African grey parrots group two individuals (a male

and a female, Léo and Zoé) were very tolerant to each other, but a third parrot (a male,
Shangolometimes displayed aggressive behaviour toward the female.

In the second experiment, we used the same PCT paradigm than in the first experiment but we
introduced inequity, in order to see if prosociality would be damaged. In this experiment, we
randomlyalternated both control and iniquity condition, in which the partner received a more
attractive reward than the subject when it
seen in primates, we expected t hreewlaorndoor otpot ic

or to stop participating.
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In the third and last experiment, the subject had to choose one token, then transfer it to the
partner, and the partner had to give it to the experimenter to obtain a reward. As in the two
previous experiments, threar t ner only received a reward wl
rewardo option, but i n this <case, the subj
cooperated. |l f the subject chose the fAown re
and if thepartner refuse to cooperate and did not give the token to the experimenter, the donor
would not receive any reward either. The subject was expected to adapt its choice according

to the behaviour of its partner, since the willingness of the partner to ret®peould

influence the rewards the donor could possibly obtain. We hypothesized that the subject
would preferentially choose the prosocial token.

Even if no direct reciprocity could be assessed because birds did not take turns after each trial,

generaltrategy matching within a dyad could emeirgéhe first two studies.

In the fourth and last stugy observedbehavioral responses and exploration of jackdaws
when confronted to scary novel objects and |
on these behavior§he aim ofthis study was to investigate whether the neophobic response

and exploratory behavior of jackdaws exposed to several novel stimuli, differed depending on

the social context, and whether it was affected by the relationshiedshvith a familiar
conspecific. We tested jackdaws in three social contexts, i.e. alone, with their partner (i.e.
mate) or with an opposHgex norpartner, and exposed them to five conditions. In a control
condition, they were presented with a food béilMd with a small quantity of desirable food.

In the four other conditions they faced the bowl and amount of food but also different novel
objects of varying size and averseness: small plush toys, plastic bath toys, moving toys
mimicking the movementdn i nsect, very small plastic to

Assuming that stress may be alleviated by s
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neophobic response (i.e. the approach latencies) may be reduced in the presence of a
conspecific ad f ur t her di mini shed when the conspe:q
concurrently increasing the subjasowantédtgpr open
see if some reassuring behaviors could be observed between partners in this stressful

situation
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Material and methods
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Matherial and methods

Ethical statement

Cockatiels
All the birds were housed in standard conditions approved by the French National authority.
This study complies with French and European legislatiomrfional care and was approved
by the Ethical Committee for Animal Experimentation Charles Darwin (authorization number
2015031616168767 v6 (APAFIS#334)

African grey parrots, conures and macaws
Data collection was carried out in accordance with the UidmAls (Scientific Procedures)
Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal experiments and
the National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications Ne8023, revised 1978).
All the birds were housed in standard conditions approved by the French National authority.
African grey parrots were kept after the experiment in the laboratory at Nanterre university
and participated i n other tests. Then ot her
Zool ogi queo.

Jackdaws
The study was conducted in accordance with national and EU legislation and guidelines for
animal research. According to German law, the study was consideremhvagive and

therefore not classified as an animal experiment.
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Subjects and housing conditions

Cockatiels
Cockatiels Nymphicus hollandicQswvere tested in the first study on fesdaring and in the
third study presented in this thesis, which investigated emotional responses to conspecific
distress calls.
A flock of thirteenyoung cockatielsg females and@ males)wasused in thighesis. Only ten
birds were tested in the foatharing and emotional response studieshmritestedndividals
were different in study 1 and(3able 1).This flock can be divided in thremibgroups that did
not interact much with each other but within which individuals were affiliated: first two sub
groups, seven birds in total, arrived in the laboratory in October 2013. One of them consisted
of siblings (Bahloo, Rama, Merlin, Nephtys anett§ and did not interact much with other
subgroup which was composed of unrelated birds (Wala, Sita, Callisto, Hermes, Viviane).
Three further unrelated birds (Odin, Skadi and Loki) formed the third subgroup that arrived
one year later. This second unteth subgroup did not interact much with the other birds in
the aviary eitherRama died during the first study in August 2014 and could not be tested in
other experiments.
The two first subgroups were brought together in a single colony in February2@&lLthree
last birds (Loki, Skadi, Odinjoined the other two subgroups within the same aviary in
February 2015
All birds hatched in captivity and arrived at the Laboratoire Ethologie Cognition
Développement in Paridanterre University between three andefmonths of ageeither in
October 2013for the 10 first birds) or in September 2014 (for the last three biRig)s
were provided by two different breedethe first subgroupvas composed of siblings, while
the other birds werainrelated birds. Siblgs presented two different colour morphs: three of

them (Nephtys, Seth and Merlin) were Cinnamon pied cockatiels while the two other brothers
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Rama and Bahloo were Silver types. They were frarsd#d by human and were housed with
juveniles of other specidsefore arriving in the lalUnrelated birds were more dissimilar and
presented 5 different colour morphs. Unrelated birds were all issued from different nests and
raise naturally by their parents but were also manipulated by the breeders to habituade them
humans. The sexes of each young bird were assessed by genetic analysis using feather
samples. Each bird was identified by a specific metal ring.

All birds were housed together in an indoor aviary (296 cm x 257 cm x 257cm) equipped with
three stainlessteel tables (155 cm x 55 cm x 84 cm) covered with Kraft paper, two large
perch structures (2 meters long), two triangular bird swings hung from the roof and many
parrot toys. The room was kept on an automated light:dark cycle (time on: 09:00, time off:
19:00) with UV daylight tubes especially designed for birds (Arcadia Bird lamp T8). The
temperature was maintained at 25 C°. Extrudes granNlesiljird G14), anise sand, fresh

fruits, vegetables and water were providedibitum
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Date of arrival

Birds Sex Subgroups Relations in the lab Present in study
Bahloo M 1 Siblings October 2012 1
Rama 1 M 1 Siblings October 2012 1
Merkin M i Siblings October 2012 1
Seth M 1 Siblings October 2012 1&2
Nephtys F 1 Siblings October 2012 1&2
Callisto F 2 Unrelated birds October 2012 1&2
Wala F 2 Usrelated birds October 2012 1&2
Sita F 2 Unrelated birds October 2012 1&2
Viviane F 2 Unrelated birds October 2012 1&2
Hermés M 2 Usrelated birds October 2012 1&2
Loki M 2 Unrelated birds | cptember 2014 2
Odin M 2 Unrelated birds | Scptember 2014 2
Skadi F 2 Unrelated birds | September 2014 2

Tablel. Characteristics of cockatiels used in the experiments of this thesis: names, sex (M: male; F:

female), relations, date of arrival in the lab and participation to st(hpd-sharing)and/or study?

(emotional responses to conspecific distedls) A Cr o s s

i ndicates bird
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Other parrots
Other parrotaasAfrican grey parrots, conures and macaws were used in the second study of
this thesis in order to investigate prosociality in an experimental artificial talsk&se birds.
Nine parrots from four different species were used. On one heand, we tested: three African
grey parrots Rsittacus erithacys housed in the Laboratoire Ethologie Cognition
Développement at Paridanterre university and, on the other hand, thloe-throated
macaws (Ara glaucogularis), tveoin conuregAratinga solstitiali$ andtwo scarlet macaws
(Ara maca9 houseda t the AFerme de <conservation zoo
dedicated to conservation and located in M&ryCher, France.
African grey parrotparticipated to all experiments. Other parrots were only involved in the
first experiment and were exclusively testedgth their sibling or their matelt was
unfortunately impossible to involve them in the two other experiments sinceimhenaction

with experimenters and apparatus were needed.

a) African grey parrots

We tested three hasréared African grey parrots: one female (Zoé, six years old) and two
males (Léo and Shango, six and four years old respectividig) three birds were tesl in

the first two experiments. In the second experiment involving inequity condition, the tested
dyads (with switching roles) were: Za€o (femalemale), and Lé&shango (malenale). The

dyad Shang@oé (malefemale) was not tested because of agonistteractions. This
experiment lasted one month and was conducted just after the last replication of the first
experimentln the last experiment, only the two males have been tested: Shango and Léo. Léo
played the role of the subject, the bird who hadimoco s e t he i tem. We <coul
as initially planned because Shango died only a few weeks after the end of this experiment.

This experiment has been done one year after the end of the second experiment about inequity
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and lasted approximatively twoonths. Zoé did not participate in this experiment because of
health issues. She was moved to another room where food and toys were provided during the
sessions.

African grey parrotshatched in captivity and arrived at the laboratory in Fddsterre
University at three months old. They were housed together in an aviary (340 cm x 330 cm %
300 cm) with three tables (120 x 60 x 75 cm), two large perch structures and many toys. The
aviary was maintained at a constant temperature of 25°C and a 12/12-dalightycle.

Dyads were tested in the aviary while the third bird was placed in a cage in the corridor with
food and toys. The parrots were fed with fresh fruits and vegetables in the morning and parrot
formula (Nutribird A21) in the evening. Water and péarpellets (Harrison, high potency
coarse) were availabled libitumand vitamins (Muta/it VerseleLaga) were given twice a
week.

b) Conures and macaws

The other parrots were tested at twoyearold Fer me
bluethroated mcawsforming a mated paifAra glaucogulari$, two oneyearold male

siblings sun conure@ratinga solstitialis)and two teryearold scarlet macaws also forming

a mated pairAra macag.

The A. glaucogularispair was formed for only one year and nelad eggs before being

tested while thé\. macagpair had already mated together. The two maAlesolstitialiswere
handreared together and shared a cage with six others family menithershirds were

housed in aviaries (indoor: 2 x 2 x 2 m & outdoorx 2 x 2 m) with various enrichment

devices (wood blocks and plastic toys) and were dddibidum with seeds (Verse Laga
Premium), parrot pellets (Verse Laga P15), fruits vegetables and fresh water. All birds were

tested in their aviary apart from the lbiegy seasonAs subjects were frelying parrots, all
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test sessions were based on their motivation. Indeed, the birds could leave at any time and

perch elsewhere in the aviary during test sessions.

Jackdaws
Twenty individually banded, hangared jackdas kept in two groups by the Max Planck
Institute for Ornithology, Seewsen, Germany were tested. Each group was composed of five
mated pairs (five males and five females for each group).They were housed in two adjoining
large outdoor aviaries.
Jackdawswvere housed in two large outdoor group aviaries Group 1: X69mm x 2.8 m;
Group 2: 12 m x 10 m x 2.80 m) including testing compartments £3mm x 2.8 m each)
and were provided with plenty of perches, natural substrates and-pidoes. Subjects had
been trained during previous experiments to enter test compartments and were used to
participate in brief behavioural tests in visual isolation of other group members.
The birds were fed in the morning with a diet consisting of cereals, fresh fruit,t anméae
containing, curd, boiled rice, egg, dried insects, oils, vitamins and minerals, as well as soaked
cat biscuits, which was available ad libitum during the entire day. They also had constant

access to fresh water.
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Study 1: Food sharing in cockéels

10 young cockatiels (see Table 2) were tested in this study at four different periods of time

during three years, from first months of life to adulthood

Age at Ageat Ageat Age at
Individual Sex | Subgroup Per{iic:‘d 1 Pe:ii:d 2 Pe:ii:d 3 Pe:ii::‘d 4 Present in period
months) months) months) | months)
Bahloo (B) M Siblings 7 8 15 30 1,2,3,4
Rama(R) T M Siblings 7 8 / / 1,2
Merlin (M) M Siblings 7 8 15 30 1,2,3,4
Seth (S) M Siblings 7 8 15 30 1,2,3,4
Nephtys (N) F Siblings 7 8 15 30 1,2,3,4
Callisto (C) F Non-kin 9 10 17 32 1,2,3,4
Hermeés (H) M Non-kin 9 10 17 32 1,2,3,4
Wala (W) F Non-kin 10 11 18 33 1,2,3,4
Viviane (V) F Non-kin 10 11 18 33 1,2,4
Sita (Si) F Non-kin 11 12 19 34 1,2,3,4

Table 2 Characteristics of the subjects identity of the birds with thie names and abbreviations
resumed by letters, sex (F: Female; M: Male), subgroup and age at period 1, 2, 3 and 4 in months. All
birds were housed together but formed two distinct subgroups. The first subgroup was constituted of
siblings (N, B, R, S and Mand the second subgroup of unrelated birds, sharing no kin relationships

(H, Si, V, W, C). A Cross indicates bird that di
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Experimental feeding trials
The present study was a longitudinal developmental one, performed over threeBydars.
were tested at 4 different ages in 4 periods of time: between Aptingd May §' 2014
(period 1); between May 3tand July 0% 2014 (period 2); between February™ahd March
04" 2015 (period 3) and between Juné"2thd July 0% 2016 (perdd 4). The birds were
respectively 711 months old during period 1;12 months old during period 2, 1% months
old during period 3 and 384 months old during period 4.
Following the methodology used in studies on corvids (jackd@eseusmonedula by de
Kort et al (2006) and von Bayern et al (2009), each cockatiel received 14 feeding trials per
testing period: 7 trials with a preferred type of food (fennel) and 7 trials with a less preferred
type of food (carrot). The preference had been establisieda Vfood preference test
conducted before the experiments and revealed that fennel was significantly preferred over
carrot when equal amounts of both food types were offered to the birds simultaneously.
During every trial, each bird was given 10 piecefoofl (ca. 0.3 cm x 0.5 cm) consecutively.
The experimenter held the food piece between two fingers and reach out towards the bird
which had to pick it up. The food was handed out piece by piece to each bird. The
experimenter waited for the bird to consuemirely the food piece, to drop it or to transfer it
to another bird before giving him the next food piece. The focial bird should have its beak
empty before each single trial. All birds were free to move during when the target bird was
provided with foal and we did not keep them away from the subject, to see how birds will
interact during the feeding. The type of food, fennel or carrot, alternated between trials.
Cockatiels did not receive those two food types outside the feeding trials and they wlere foo
deprived approximatively 2 hours before the beginning of each trial. Birds were tested once or
twice a day, with one trial being conducted in the morning and another trial in the afternoon.

The order in which individuals received the food items was mammbxl for each trial.
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Overall, i.e. across the 4 periods, each bird received 560 food pieces except for two birds. One
of them, the male Rama, died of illness a few months after the second period of testing and
another individual, the female Viviane, redgisto take the food during the third period of
testing.
One experimenter gave the food pieces to the birds while a second experimenter held the
camera and recorded the focal birdodés behavio
For each food item provided to a focal bird, we recoded vehetiie bird ate the item
(consuming), dropped it on the floor (dropping), shared the item with another individual, i.e.
jointly eating from the same piece of food (cofeeding) or had the item stolen by another bird,
i.e. snatched from the beak from the fobad, involving aggressive behaviors (stealing).
When stealing occurred, we recorded whether aggressive behaviours such as pecks or threat
displays (when a bird opened the beak to displace another) were observed from the focal bird,
the potential receiveor both individuals before and/or after the food exchange. Instances of
cofeeding on the contrary involved no aggressive behaviors before and/or after the food
exchange. During cofeeding, the target bird usually kept the food item in his beak while
anotter bird nibbled from it. In both conditions, a food transfer took place from the beak of
the donor to the beak of the receiver. In some rare cases, the focal bird exchanged food with a
first receiver, which then passed on the food item to a second redewasr if these events
were recorded, only the exchange between the focal bird and the first receiver were analysed.
With difference to the previous studies on jackdeles Kort et al., 2003von Bayern et al.,
2007) it was not possible to distinguish between deandrated and receivenitiated food
transfers because, the cockatiels showed no clearly distinguishable behaviours indicating their
motivation to share or beg for foo@nly one strategy was analyzed per trial.

Trials were recorded on a camera (Sony Haath HDR-CX410) on a tripod

(Vanguard Mak 203). Videos were analysesing the softwar&/LC media player, version
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l5and fAstrategieso (the destiny of each f oo
Each video was analysed by two different experimentermsrder to ensure intebserver

reliability.

Degree of affiliation
All birds were groughoused in the same aviary and thus were all familiar with each other. To
determine the affiliative bonds within the group, twemiiyute videos were recorded at two
different periods of time: (1) six videos between th& @bApril 2014 and 16 of May 2014
and (2) 21 videos between the"18f December 2014 and th&°df February 2015. The first
session of affiliative videos was recorded at the same time thétshevo periods of food
sharing experiment and the second session of affiliative videos corresponded to the third
period of foodsharing experiment. Behavioural observations were recorded on a camera
(Sony Hangcam HDRCX410) fixed on a tripod (VanguartMa k 2 0 3) using t
occurrences and continuous sampling methodoa
allopreeningAl | opreening event was counted when a
back. The allopreening stopped with the donor lifting itsdh®adeos were analysedsing

the software/LC media player, versioh.5.

Reciprocity and interchange
To investigate reciprocity and interchange, we used the program Matrix (idsteelrijk,
199(a, 199() on Microsoft Excel to compute matriomparisons, that avoided any biases
linked to the dependency of data points. The TauKr statistic was calculated to obtain a
correlation between cells of a same row in a matrix. Significance levels of the TauKr statistic

were determined using a random petation test (10 000 permutations). To investigate
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reciprocity in foodsharing between individuals, the cofeeding (or stealing) matrix was
correlated with its transposed version.

In order to investigate the occurrence of interchange, i.e. the exchangedofeither via
stealing or via cofeeding) for another currency (affiliative behaviors such as allopreening), we
run another serie of matrix analysis. To test interchange between cofeeding and allopreening,
the actor matrix of cofeeding frequency (actorraws) was correlated with the receiver
matrix (receiver in rows) of allopreening frequency. We also did the same test with stealing
instead of cofeedinghll periods of the fooesharing experiment were pooled for these matrix
analyses. Because two birdgd chot participate in all testing periods, we computed the
frequency of cofeeding and stealing for each deroeiver dyad as proportion of the total
trials in which each bird participated: 56 trials for birds that participated in all 4 testing
periods, 2 trials for Viviane and 28 trial®r Rama.

Also, the two observation periods in which affiliative interactions were recorded were pooled
together for those matrix analyses. For the same reasons explained above, we computed
allopreening as a proportiorf the total observation duration (in minutes) for each donor

receiver dyad.

Statistical analysis
The main aim of our study was to test how th
dropping, cofeeding, and stealing) developed over time and amhetifieeding and stealing
was influenced by kinship and sex. We ran a generalized linear mixed model (GLMM) for
each strategy. Models included the period of test (perib@,3 or4), the type of food
exchanged (fennel or carrot), the relationship shayatid birds (siblings or nekin) and the
type of association formed by the birds (sese& or differenssex pairs)For the consuming

and dropping strategies, which involve only the donor bird, models also included individual
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identity as a random effecthe cofeeding and stealing models included dyad identity as a
random effect because two birds (donor and receiver) were invétee@ny given strategy,

the number of food pieces was pooled by period and by food type for each bird (consuming,
dropping) orfor each dyad of birds (cofeeding, stealing). A dyad was a unilateral relationship
between two birds with one donor (the subject, i.e. the birds receiving the 10 food pieces
consecutively) and one receiver. For the birds A and B, for example, two dyads we
considered: the dyad-B with A the donor and B the receiver; and the dyad ®ith B the

donor and A the receiver. Moreover, only the dyads that exchanged at least one piece of food
throughout the experiment (either via cofeeding or stealing) wereded!in the statistical
analyses, resulting in 23 active dyadsGaussian distribution was used for the consuming
and dropping strategieshile a Poisson distribution was used for the cofeeding and stealing
strategies We checked for normality of residsalnormality of random effects and for
overdispersion of the models. When a model was overdispersed, we corrected the standard
errors by multiplying them by the squ-are ro
values were then computed using the seamdard error6SE).

We also investigated how the number of recipients per donor evolved over time for the
cofeeding and stealing strategies. We ran a GLMM for each strategy. Models included the
testing period as a fixed effect amdlividual identity asa random effectWe used a Poisson
distribution for both models and we checked for normality of residuals, normality of the
random effect and for overdispersion of the model.

All statistical analyses were performed with(R Development Core Team 2008ing the

LME4 R package oBates et al (204) to run all models.
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Study 2: Emotional response to conspecific distress calls in cockatiels

General experimental procedure
Each subject was tested three times, on three diffelagys: one day with an artificial white
noise, one day with a distress call from a partner (an affiliated individual) and one day with a
distress call from a nepartner (sharing no affiliative bond). The conditions and the order of
presentation of thesthree stimuli were semrandomised and counterbalanced across the
subjects (see Tabl®. The experimental phase for each testing day took approximatively 30
minutes per bird. Each day of testing was separated by 4 to 5 days without experiment in
order tominimize the stress of the separation from the other birds. The first seven birds were
tested the 26 of November, the Siof December and the™sof December 2014 while the
three last birds (Loki, Skadi and Odin) were tested the 22th, 27 ghof Jdly 2015. Birds
were tested alone, one at a time in sound proof chamber room to eliminate any possibility of
being influenced by the presence of any other bird in the room. Behavioural responses of
subjects were recorded with a webcam during the entire 3@tesinduration of the

experiment.
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S“bjeﬂc‘g‘s of testing Day 1 Day 2 Day 3
Callisto NP WN b
Hermes WN P NP
Nephtys P NP WN
Seth WN P -
Sita P NP WN
Viviane WN b -
Wala NP WN >
Loki NP WN >
Odin P NP WN
Skadi WN v P

Table 3.Randomization of conditions depending on the subjects and the deasiog.
P: Partner, NP: Nopartner, WN: White Noise.

Degree of affiliation

All birds were groughoused in the same aviary and thus were all familiar with each other. In
order to create experimental dyads of partners andpadners for each tediird, we
determined the strongest and weakest affiliative relationship of each cockatiel in the group.
Affiliative relationships were assessed via affiliation indexes based on -[zositve
behaviors. Partners exhibited a high indé*2.18 on average; mimum: 58.92; maximum:
930.79 and norpartners alow inde of associatioh@6 on average, minimum: 0; maximum:

4.71, see Tablé and5). The difference in the indexes of affiliation between partner and non
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partner was at least 45.0. Each bird was tesidd avpartner and a ngpartner of the same

sex. For example, if a female was tested with another female as a partner -pfagtnenwas

also a female. Because of the bias in sex ratio between subgroups (there was only one female,

Nephtys,

subgroup, calls of these individuals were used several times gqertoers stimuli.

igns ot hseu bfgg iolulpi nan d

onl

y

one

Non- Index of affiliation
Subjects | Age Relation with Age [Index of affiliation
Partner (sex) Partner [Age (years| Subject/Non
(sex) (years) the subject | (years)| Subject/Partner
(sex) Partner
Seth (M) 1,5 | Nephtys (F) Siblings 15 930.74 Wala (F) 15 0.42
Hermeés
1,5 | Viviane (F) Mated pair 15 648.66 Nephtys (F) 15 4.71
(M)
Odin (M) 1 Skadi (F) Mated pair 1 103.13 Callisto (F) 15 2.29
Heterosexual
Loki (M) 1 Viviane (F) 15 48.92 Sita (F) 15 0
pair
Nephtys
15 Seth (M) Siblings 15 930.74 Hermeés (M) 15 4.71
(F)
Viviane (F)] 1,5 | Hermeés (M)| Mated pair 15 648.66 Seth (M) 15 2.08
Sita (F) 15 Wala (F) Samesexpair 15 231.05 Nephtys (F) 15 0
Wala (F) 1,5 | Callisto (F) | Samesexpair 15 457.10 Nephtys (F) 15 1.52
Callisto (F)| 1,5 Sita (F) Samesexpair 1,5 119.75 Nephtys (F) 1,5 0.42
Skadi (F) 1 Odin (M) Mated pair 1 103.13 Seth (M) 15 0

Table4. Characteristics of the subjects, partners and noipartners: gender(F: Female; M: Male),

age (in years), relationship between the subject and the partner, index of affiliation shared with the

partner and nopartner
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Emitter | canisto | Hermés | Nephtys | Seth Sita | Viviane | Wala Loki Odin Skadi
Subject (F) (M) (F) (™D () ® ¥ (™D (™MD )
Callisto (F) / 0.28 0.42 0 119.75 0 457.10 0 2.29 3.93
Hermeés
J 0.28 / 4.71 1.80 | 115.50 | 648.66 | 29.21 0 0 0
D
Nephtys (F) | 0.42 4.71 / 930.74 0 4.15 1.52 0 0.41 0
Seth (M) 0 1.80 930.74 / 5.95 2.08 0.42 0.37 1.19 0
Sita (F) 119.75 | 115.50 0 5.95 / 99.22 | 231.05 0 0 53.06
Viviane (F) 0 648.66 4.15 2.08 | 99.22 / 8.44 48.92 5.67 0
Wala(F) 457.10 | 29.21 1.52 0.42 | 231.05 8.44 / 10.10 28.89 6.58
Loki (M) 0 0 0 0.37 0 48.92 19.10 / 3.43 35.20
Odin (V) 2.29 0 0.41 1.19 0 5.67 28.89 3.43 / 103.13
Skadi (F) 3.93 0 0 0 53.06 0 6.58 35.29 103.13 /

Table 5 Affiliative indexes of all possible dyads of birds used to create experimental dyads for the |
experiment. Each sjdrt heard the calls of a preferred partrindéx in bold red letters) anchlls of a nor
partner(index in bold black letters).

In order to monito the affiliative interaction within the group, twentyinutes videos were
recorded at three different period of time: 1) six videos in May 2014, six months before the
present study in order to assess the general dynamics of relationships betweerstt o dsfir

in order to determine the experimental dyads for the seven birds; 2) 21 videos in December
2014 and January 2015, just after testing the first seven birds, in order to revalidate the choice
of the experimental dyads and 3) 18 videos in April 2@iESore testing the last three birds
(Loki, Odin and Skadi) to create the experimental dyads for these individuals, which had been
integrated into the group at a later point in time. In order to determine the affiliative bonds

within the group, we createdn index of affiliation (see further below). The index of
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affiliation was based on the data collected during the last two sessions, because they reflected
the dynamics of relationships between birds at the time of the playback experiments. Indeed,

we obseved that some affiliations, especially between males, observed in the first session of
videos no longer existed in the second session for the seven birds. Behavioural observations
were recorded on a camera (Sony Haash HDRCX410) fixed on a tripod (Vangud Mak

203) using the dall occur r e (Atresn, 18M)dVideoo nt i nu

were analysedsing the softwar®LC media player, versioh.5.

For each dyad, we constructed an index of affiliation follow®ik et al.'sprocedure (2006)

which was adapted to birds Bpucherie et al. 2016Recorded behaviourgere: the time (in

seconds) spent in spatial proximity (PROX, i.e. the distance between two birds was so small
that they could touch each otheand affiliations, which included the frequency of solicitation

of allopreening (SOL) and the frequency of pheening (ALO) during the interval of
observation. Allopreening is the equivalent of allogrooming in prim#tess counted when

a donor preened the receiverods head or back
solicitation for allopreening ismaeasily recognized ritualized posture where one individual

bows its neck presenting it to its partner. A sollicitation was scored when the begging partner
lifted its headWe created the index as follow:

Sh= (PROXW/PROX)+ (ALOL/ALO) + (SOL,/SOL)) x 100
3

With S,,, the index of affiliation of the hv dyad (i.e. the dyad constituted of the subject named
h and its partner named v); PR@Xhe dyadic frequency of spatial proximity for the hv dyad,
divided by PROX which equals to the overall anefrequency for all possible dyads (and

similarly for the other variables: ALO and SOL). The denominator is fixed and refers to the
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number of variables. The value of the index of affiliation increases with the strength of a

relationship.

To reduce any hises due to the specificity of single calls, we played back as many different
distress calls (from different emitters) as possible. For the partner playback stimulus, we
chose dyads with the highest indexes of affiliation except in the case of Callsie,vee
wanted to use as many different <calls as po
using Walads calls twice. Consequently Call.
affiliation (Sita) but not the highest possible one (Wala). Tr e duce any effect
sex rather than degree of affiliation on th
with the distress call emitted by two birds (partner andpemtner) of the same sex and of

comparable age

Distress callgecording procedure
We created playback sequences of distress calls of each bird. These calls were obtained from
recordings of a stressful event. For this purpose each bird was individually isolated in a cage
(41 cm x 24 cm x 29.5 cm) placed in a soundoprchamber away from the aviary. An
unfamiliar experimenter-¢o as to avoid fear reactions towards their usual experimgnter
then briefly (for ca. one minute) inserted his hand in the cage wearing a large leather glove.
The same leather gloves were usdten the birds were handled for medical care and were
therefore associated by the birds with being seized. Consequently, birds usually started to emit
alarm calls when they saw the glove. When the gloved hand reached into the cage, the birds

emitted distess calls, which are specific calls produced when the animal is physically
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restrained. These distress calls are characterized by repeated harmonic hapstchagh

calls (see Figuré for an exemplary spectrogram).
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Figure7. Spectrogram displaying the first calls from Z'é)’WaIa, (b) Sita and (c) Hermeés extracted from the

call sequences used in the experiment. Each playback stimulus was constituted of 10 different calls from

bird, which were repeated 3 or 4 times to obtain 30 seconds of playback for each emitter.

Calls were recorded thughout one minute per bird approximativelye vocalizations of the

subjects were recorded with a Sennheisgcrophone MD21U) set up in its stand

(Sennheiser MZT 100) and a Maranézorder Marantz PMD 670; sampling rate: 44100 Hz;

accuracy: 16 bits, ono) and were collected in WAV formdach bird was released back to

the aviary immediately after the recording session. One bird never emitted distress calls

(Loki) and consequently he could only be tested as subject. Two recording sessions were

conductd, one in October 2014 with seven birds, and another one in June 2015, in order to

record the calls of the three birds that were integrated into the group later and therefore had

not been recorded during the first session (Loki, Skadi and Odin).
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Preparaton of the playback stimuli
Two types of stimuli were created: distress calls and artificial white noise. Both stimuli were
computeredited using Avisoft SASLab Pro, version 5.0.14 (Raimund Specht, Berlin,
Germany)
In order to create comparable distresdl stimuli from each individual, we selected 10
different calls per stimulus per bird and individually normalized them to 75% with an
automatic feature iAvisoft SASLab Pro softwarayhich adjusts the intensity of the different
calls. The 10 differentatls per bird kept for creating the stimulus were chosen for being
distinctly audible, with no sound saturation or parasite sounds. All calls were clipped from the
original recordings which were recorded on the same day. Consequently, all playback stimuli
were comparable in intensity. When possible, we kept consecutive suitable calls (with no
saturation or background noises) in the same order and with the original silent intervals
between them. The goal was to keep the final playback sequence as closeotmitial
distress calls as possible. Where we could not obtain 10 calls per stimulus in a natural
sequence, we added in calls clipped out randomly from the recordings and placed short silent
intervals of different durations (usually less than 1 secamdjeiween. We obtained in the
end 10 calls per stimulus per bird.
In order to get a final duration of 30 seconds per playback stimulus, we repeated the 10 calls
several times. We usually had 4 repetitions of 10 calls per 30 seconds of playback stimulus
(with the exception of Seth and Viviane who emitted very long calls and consequently only 3
repetitions of 10 calls per 30 seconds were played back for these birds). The segmentation of
each call was achieved with outline syllables parameters on Sound i8nBigs 2011
software (Frequency range: 22050 Hz, FFT data: 10 ms, Advance window: 1.5 ms, contour

tresh: 10). The final single distress calls exhibited the following characters8&g (mean
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duration of 502t 61 ms (range: 29869, n=9);mean fundamentdrequency of 2135 *+ 114

Hz (range = 16772543, n =9), mean frequency of 3478 + 181 Hz (range:-2828, n=9).

The broaeband white noise playback stimulus was a continuous audio stimulation lasting 30
seconds with no silence parts inserted and autoatlgtgenerated with a feature in Avisoft
SASLab Pro software (022050 Hz). White noise serves as a good control as it can trigger an
important level of attentional state but is free of any emotional value. These findings has been

reported by a study gouigs(Dupjan etal.,2011) i n which the pigsodé beh

between playback of conspecifics versus @/hivise control sounds

Each stimulus was played back at the same amplitude, with a maximum noise level of 91 dB

(re. 2;0measuUred with a RbINE SPL meter 1, usingg A6 w e atghe ttypicalg

position of the test bird), 15 cm from the loudspeakéickvreflects natural amplitude levels.

95



Experiment procedure of the playback

Each test comprised three distinctive phases
(Figure 8) . It began with a 10 minutes fpichase of
preceded the first playback stimulus. This silence phase was necessary for allowing the bird to
calm down after being removed from the aviary and habituate tothe cage in the sound proof
chamber. Then, a 30 seconds audio stimulus was played backphidge we refer to as
Aduringo since it constitutedthe actual play
audio stimulus (either distress call or white noise) of 30 seconds were played back, with a 5
minutes interval of silence in between th#etent playback stimuli. Theserbinutes silence
phases following each playback stimulus were

per test

The last 30 The three 30 seconds

seconds repetitions of the
before the playback are keptfor
playback are analysis for each type of
kept for stimulus

analysis

U

« Before » PGP « After »  [EolIGLY  « After » (3ol I'FY  « After »
Silence Playback Silence EVElEd  Silence Playback Silence
10 minutes 30 sec 5 minutes 30 sec 5 minutes 30 sec 5 minutes

A

The first 30 seconds
following each playback
are kept for analysis for

each type of stimulus

Figure8. Schematic representation of the playback sequee Three distinctive phases are represe
the 10 minutes silent phase before the pl
repetitions of the playback stimulus (ADur./
playjp&a k sti mulus (AAftero in grey). The arrow
of the fABefored phase, each repetition of

30 seconds of each AAftero phase.
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Each bird was tested alone: animals were individually caught in the aviary, then put in a cage
(41 cm x 24 cm x 29.5 cm) and placed in the sound proof chamber (69 cm x 49.5 cmx 49.5
cm) via a twe way casement window on the left of the sound proof chamber on the figure
(Figure 9) On the right, the soungroof chamber was put near a wall. The expeniieeleft

the room after closing the window and starting the broadcast of the stimulus. Consequently,
birds were left alone during the all experiment and could not see anything outside of the
soundproof chamber. The surroundings of the cage inside thedgmeof chamber were
constituted of a microphone, the loudspeaker and the webcam, hung on the ceiling of the
soundproof chamber

A cup filled with 10 grams of millet was placed in the middle of the cage. Three lines were
drawn on the Kraft paper insertedthe bottom of the cage to create three distinctive zones
(13.5 cm long for each zone) (Figu® The first zone was the closest sector around the
loudspeaker, the second zone was the middle one into which the cup with the 10 grams of
millet was placedand the third one was the most distant zone from the loudspeaker.

The behaviour of the birds was recorded using a webcam (Logitech HD Pro C920) connected
to a computer (HP Pavillon dv6000). A Sennheiser microphdf@2@U) with its stand
(Sennheiser MZT 00) was used to record calls emitted by the subject on a Marantz PMD 670
recorder. We played back both distress calls and white noise stimuli from the same 60 Watts
Mini Elipson Horus loudspeaker (frequency response: 80 2¥kHz) placed in the back of

the sound proof chamber at 15 cm distance from the cage. The loudspeaker was connected to
a stereo amplifier Pioneer-209R linked to a second Marantz PMDG670 digital recorder

(bandwidth: 20 Hz 20 kHz + 1dB).
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Zone 3

Figure 9. Experimental apparatus (Top view) The bird is placed inside a sound p
chamber in a cage separated in three distinctive zones (zone 1 near the loudspeaker, z
a cup filled with millet, and zone 3 the furthest from the loudspeaker). The enthurice
soundproof chamber is on the left via a twm@ay casement window. A webcam an

| oudspeaker are positioned near the cag

Behavioural analysis
Thevideosofte bi rdsdé behaviour al r @reqisonrokoeetenttwe r e ¢
of a second while using th8olomon Coder Betaoftware, versionl5.01.15 (Copyright
Andras Péterhttp://solomoncoder.com. The birdsd behaviours we
three ases of the experiment: the 30 seconds of silence before the first playback stimulus
(Abeforeod), the three playback stimul ations
of silence following each playback stimul us
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The following variabés were coded: activity (the number of changes from one zone to
another), number of calls emitted by the subject, time spent near the loudspeaker (designated
as zone 1), and time spent with crest 1 positionufeidlQ. All these variables measured

stressand alertness (for crest 1 position).

Locomotion represented by the changes from one zone to another and the avoidance of the
zone close to the loudspeaker are usually used to assess the emotional arousal of animals and
their motivation to flight. If thebird is stressed, we expect it to move around more nervously

in the cage and therefore cross the zones more frequently. Vocalizations are known to reflect
emotional states in humans and flmman mammal@riefer, 2012) For example, in piglets,

scream rate increased when arougéichart et al, 2015) Our cockatiels emitted high pitched

calls, which & alarm calls characteristically given in the presence of predators or other
sources of dangdiGill & Bierema, 2013)The last variable, the crest position is known to

express emotional states in birds an caaxpgessed in several context like fear or fights.

Three different crest positions were distin
erected i.e in vertical position on the forehead, which occurs when the bird is highly aroused,
attentiveand/ r str essed, ACrest 20 was the inter me
to the crest of a relaxed bird, laid flat on the head. However, in the analysis we focussed on
crest position 1 solely, because it was the clearest indicator of stressarfiorehere only

integrate this variable in the model, to avoid redundant results.
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Crest 1 Crest 2 Crest 3
100°< a < 51° 50°<a < 16° 15°<a<0°

Figure10. Schematic representation of the crest position€rest 1 position isharacteristic of a
stressed or attentive bird, with clearly separated feathers. The second position is intermediat
Crest 3 position is observed in entirely relaxed birds e.g. while resting.

Statistical analysis
Ouir first objective was to test whether the birds reacted more during the playback stimuli than
before and after stimulation. We ran a geheed linear mixed model (GLMM) for each of
our four response variablesctivity (the number of zone changes), number of calls emitted by
the subject, time spent near the loudspeaker (designated as zone 1), and time spent with crest
1 position.Models induded the type of playback stimulus (partner, Hpantner and white
noise), the phase (before, during and after the playback stimuli) and the sex of the subject as
fixed effects.Models also included individual identity, day of testing and the interaction

between days of testing and order of stimulations as random effects.

The second objective was to investigate whether birds reacted more to distress calls than to
white noise and whether they responded more strongly to partner calls thanparimean

cals during the playback stimuli. For this, we ran a second set of GLMMs only using the data
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from the fAduringo p htlesdypeof playback stimudud @drteer, hon c | u d
partner, white noise) and the sex of the subject as fixed effects. Agiairactions could not

be tested because the models did not conv@itgee models also included individual identity,

the days of testing and the interaction between days of testing and order of stimulations as

random effects.

Finally, we created another setf GL MMs to investigate the bi
after the end of the stimuli, I .e. during t|
stimulus had an i mpact on the Dbirdsdéd behavi

third setof GLMMs was identical to the second set.

The activity and number of calls variables followed a Poisson distribufimte the time

spent near the loudspeaker and the time spent in crest position 1 variables were binomially
distributed, we transformed thmein binary variables and used a binomial distribution. The
time spent near the loudspeaker variable was categorized as spending less than or at least 10
seconds out of the 30 seconds of each playback stimulus near the loudspeaker, and the time
spent in cest 1 position variable was categorized as spending less than or at least 25 seconds
out of 30 seconds playback stimulus in crest 1 position. The cut was defined by means of the
breaks in the histograms. Results for these two behaviors are shown asagercéraudio
stimulations for which the subject exhibited either a crest 1 for more than 25 seconds or spent
more than 10 seconds near the loudspeaker. We checked for normality of random effects and
for overdispersion of the models. When the models wesrdispersed, we corrected the
standard errors by multiplying them by the square root of the dispersion parameter

Corrected pvalues were then computed using the new standard €8ia)s

All statistical analyses were performed with R (R Development Core Team 2008) using the

LME4 R package of Bates et al. (2024 run all models.
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Study 3: Testing prosociality in an experimental taskwith psittacids

Experiment 1: Othefregarding preferences in psittacids

Materials
Three different items per bird per set were used across this experiment and this experiment is
run three times, each time with a new set of objectser@ewbjects of different sizes and
colors, like plastic screw bottle caps, plastic bottle rings, pens, pen caps (depending on the
replication) were used with African grey parrots, and plastic screw bottle caps and carabiners
were used with the other spesi(see Supplementary Methoda)e used three different sets
of objects to avoid any preference bias and assess the ability of birds to understand the value
of tokens for each set.
For African grey parrots, the items were presented in front of the sulnjectablg120 x 60
x 75 cm)inside the aviary. The experimenter sat in front of the subject with the palm of his
hand up in order to receive the item the bird chose. The receiver was perched, 50 cm away
from the subject, but could not directly interagthathe items on the table. The choice of the
parrot was validated when the bird took the
Figurella).
For other parrots the experiment has been realised through the wire mesh of their aviaries in
the indoorpart (2 x 2 x 2 m) because they were less tamed. Two options have been used to
display an object: either items were placed on a table in front of the subject or carabiners
(used in another repetition of the experiment) were attached to the wire medly, side, in
front of the subject. The choice of a bird was validated when the bird touched the object with

its beak. The partner could not interact with the items directly either (see Eidyre

102



Partner

G
W Experimenter
b)

. )

Xperimenter

Subject

Partner

Figure1l. (a) Experimental saip for experiment 1 assed with African grey parrots inside the avi
The subject had to choose one item and to

depending on the item chosen. (b) Experimentaugefor experiment 1 as used with macaws
conures. he subject had to touch the chosen item with its beak. Birds received rewards depe

the item chosen.
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Procedure
The Prosocial Choice Task (PCT) paradigm wsedufor the three experiments described in
this paper. Birds had to choose one object among a set of three items to receive the associated
reward. When chosen, the fAino rewardodo item ga
the subjectrewasdotheéempwhe was the only Dbir
Ssubject chose the #Aboth rewardo option, t h
reward. In this case, the partner received a reward a few seconds before the subject in order to
help te subject to understand the outcome of this item. The latency to obtain a reward for the
subject is kept still really short (less than 5 seconds) to prevent-haiseel preference for the
Aown rewardo object in the surhgwando Whikejne cttl
experimenter removed the objects and stopped interacting during six seconds. Except for
giving zero, one or two rewards, the experi.|
the subject chose. When the bird chose one of the tiver mbjects, the experimenter
removed the objects while he gave the reward to the birds. It prevented the subject to choose
two items in a row. The next trial started after a time out or when the parrots stopped eating.
African grey parrots receivedunflower seedsas rewards whereas macaws and conures
received peanut3he rewards were not visible during the experiment and were only delivered
after the choice.
The experimental period for each set of objects with each group of birds (African grey parrots
on one hand, other parrots on the other hand) lasted about one month. One month of non

testing period was included between each set.
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Familiarization
Birds had the opportunity to interact with the objects before starting the test phase of the
experiment.Each bird was offered 10 choices and if any object was chosen eight times or
more out of 10 it would be replaced by another object. That way, we ensured that some
colours, shapes or patterns were not preferred over others. The birds then learned tortouch (
the macaws and conures) or bring back the ¢

parrots) to receive a reward with an item different from the objects used in the test phase.

Test
Birds were tested in dyads but only the subject could approacmangbulate the objects.
Each session consisted of ten trials per bird and lasted between 15 and 30 minutes depending
on the birdds motivation. Rol es were exchanc
of 10 trials with each dyad were performetieTten first sessions are necessary for the bird to
understand the value of each object. The success criterion was reached when a bird did not
choose the fino reward itemo more than two ti
(30 trials). If thebird did not reach the success criterion at the end of the ten first sessions, ten
more sessions of training were added. Only the last ten sessions were kept for analysis.
Hundred trials were kept for analysis per set per bird, which means that 300ve&rals
analysed per bird in total, for the whole experiment.
All items were presented sidy-side in a counterbalanced order for each possible choice and
the birds could interact freely with them. Each individual was tested with three different sets
of ohjects and we changed the set across the replications in order to point out any stable
preference.
We recorded the items chosen by the subject, but also the birds vocalizations and behaviours,

usually linked to frustratiosuch as cardboard biting, beakagng and frustration calls. We
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also recordedhe reward anticipation when the partner approached the experimenter as soon

as the subject touched the prosocial object.

Statistical analysis
Only the 10 last sessions for each set were kept for analysisaiVhormality test (Shapho
Wilk test) and equal variance test (Levene test) before each analysis.
Twoway RM Anovas were used to compare Dbirdsc¢
hand, other parrots on the other hand) with all individuals pooledhgend were followed
by a HolmSidak posthoc test for pairwise comparisons. A Gmay RM Anova followed by
a HolmSidak posthoc test was conducted to compare anticipation events in partners
depending on the item chosen by the subject. Friedman Repdesstdires (RM) Anovas on
ranks followed by a post hoc Tukey test were used to test for differences in object selection at

the individual level. All analysis were done with Sigmaplot® v.12 software.

Experiment 2: Influence of inequity on other regardingreferences

Material
We used the same PCT paradigm in the same setting as in the first experiment: each subject
had to choose between three different items associated with several different reward values:
Ano rewar do, Aown r ewar dhe same skt ofiobjects hsedrdaringa r d 0 .
the third repetition of experience 1 (see Supplementary Methods).

Procedure
Food preference test were conducted to asse
the possibility to choose between different food geifhe preferred food was parrot formula

(Nutribird 21) for Zoé and Léo and sprouted sunflower seeds for Shango. The low value
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reward was dry sunflower seeds for all birds. Except for the rewards received, the procedure

was the same as in the first expezith

In this experiment, two conditions were tested with different consequences for the choice of
the Aboth rewardo item. I n half of the tri al
same amount of the less preferred food when the subje@ chesh e fibot h r ewar do
other half of trials, the other condition was the inequity condition: the partner received a better
treat than the subject, when the | atter c ho
alternated across the sessioAf. items were presented sithg-side, in a counterbalanced

order for each possible choice and the subject could interact freely with them.

Eight sessions of 10 trials were conducted for each condition (control and inequity
conditions), so 160 trials perrdiin a whole. Fewer sessions than in experiment 1 have been
needed, since the birds were already trained with these items.

We recorded the items chosen by the subject, but also the birds vocalizations and behaviours,

usually linked to frustratiosuch asardboard biting, beak scraping and frustration calls.

Statistical analysis
We ran normality test (Shaphiwilk test) and equal variance test (Levene test) before each
analysis. Twevay RM Anovas were used to compare bi
pooled together and were followed by a HeBidak posthoc test for pairwise comparisons.
Friedman Repeated Measures (RM) Anovas on ranks followed by a post hoc Tukey test were
used to test for differences in object selection at the individual level. Alysis were done

with Sigmaplot® v.12 software.
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Experiment 3: Influence of other regarding preferences on the maintenance of cooperative

behaviour

Material
The birds were tested on a table (120 x 60 x 75 cm) where two different areas were delimited
usinga screen constituted by a piece of cardboard (65 x 0.6 x 12.5 cm) fixed on a wooden
base (55.5 x 6.5 x 1.5 cm) The parrots could see each other and have physical contact over the
cardboard but, only the subject (Léo) could choose one of the items. Qhbgeetplaced on
the table in front of Léo who had to choose one object and give it to the receiver (Shango)
over the cardboard screen (see Figlee The set of three items used during the test phase
was the same than the one used with Léo during therdjpgtition of the first experiment:
plastic bottle screw caps of different colors (see Supplementary Materials). Since birds
already succeeded to attribute rewards to items during the different replications of experiment
1 and 2, we chose a set alreadgdisne year before in order to shorten the familiarization

phase.
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1) item transferred by the subject over the screen

Subject

Receiver

2) Item transferred
from the receiver to
the experimenter

Experimenter

Figure12. Experimental sewp for experiment 3. The subject chose one item and then, had to co
with the receiver via two successive actiagm order to obtain a reward depending on the chosen |
Léo transferred the item over the screen to Shango who had to give the received item in

experi menterods hand in order to

Procedure
We used the same PCT paradigm as in the first two experiments but we introduced
cooperation in it. In this experiment, Léo had to choose between three different items
associ@d with several di fferent reward values
rewardo and had to give it to Shango, who wa
Then, Shango had to put the item in ¢edhe exp
depending of the itembs value he received. E
the experimenter. If Shango refused to collaborate and to bring the item to the experimenter,

no birds were rewarded at all.
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Familiarization
The birds had tde habituated at staying close to the cardboard screen separating the two
parts of the testing area. They also had to be habituated to stay on the table and to manipulate
the objects in their own testing area without crossing the cardboard screen.
The brds were first familiarised for two weeks with the transfer of an item over the screen.
This item was different from the objects used during the earlier experiments (a new bottle cap
the two parrots never saw before). Thirteen days of training with tvebosssof 30 minutes
each morning, and two sessions of 30 minutes each afternoon were needed for the two birds to
learn the succession of actions required to obtain the relMaedsuccess criterion was passed
when a bird did not mdretlas tvo timbseout Bfi@trials duniregr d i t

three successive sessions.

Test
The three items were placed on the table in front of Léo, and close to the screen, separating
him from ShangoAll items were presented sid®y-side, in a counterbalanced order each
possible choice and Léo could interact freely with them. The rewards were not visible during
the experimenand were only delivered after the choice
Twenty-two sessions of 10 trials were conducted during this experifeanh session lasted
app oxi matively 30 minutes but could be short e
We recorded the items chosen by Léo, the items transferred by Shango (we recorded a success
if Shango gave the item to the experimenter and a fail if he did not) but atsm §ho 6 s

vocalizations and behaviours, usually linked to frustration.
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Statistical analysis
We ran normality test (ShapHwilk test) and equal variance test (Levene test) before each
analysis. Friedman Repeated Measures (RM) Anovas on ranks followedoBy fzop Tukey
test were used to test for differences in LG
di fferences in Shangodés transfers but also o
he received from Léo such as frustratioarfib@rd biting, beak scraping and frustration calls
), throwing away the i1tem, and flying away f
tests were donefl he evol ution of Shangods actions ac
running a Spearman ramkder correlation. All analysis werealized with Sigmaplot® v.12

software, except for the Fisher exact tests done with R software (v.3.3.2).
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Supplementary methods

Figurel3. Experiment 1_set 1 (African grey parrots)

Figurel4. Experimentl_set 2 (African grey parrots)
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Male Ara macao

Figure16. Experiment 1_set 2 (Other parrots)
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Figure 17Experimentl_set AOther parrots)
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A.glaucogularis
Male A.
Solstitialis
(MUG)

Male
A.glaucogularis
Male A.

Solstitialis (BG)
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Figurel8. Experiment 1_set 3 (Other parrots)
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Figure19. Experiment 2 (African grey parrots)

' Figure 20. Experience 3 (African grey parrots)
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Study 4: Impact of social contexts on novel object exporation in jackdaws

General experimental procedure

In the present study, we investigated nesglects exploration in neophobic jackdaws
(Cdoeus monedula in different social cotexts. Birds were either tested alone, with their

mate or with a familiar opposigex norpartner. Twenty captive jackdaws (see Ta@)leere

exposed to six different conditions: a control, in which preferred food was presented in a bowl

and random expaose to novel objects of 5 different categories which were presented next to

the food and which differed in size and intimidation factor. Two conditions were classified as
Anemti midatingo situations (controlothaaad t he

object categories were considered to represent intimidating situations.
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Group Subject Sex Partner (sex) Partner index of association Non-partner (sex)
1 Tschok M Jackomo (F) 0.090 Choctaw (F)
1 Jackomo F Tschock (M) 0.090 Chapa (M)
1 Mohawk M Cherokee (F) 0.035 Pronto(F)
1 Cherokee F Mohawk (M) 0.035 Bunny (M)
1 Blackfoot M Choctaw (F) 0.313 Gru (F)

1 Chocktaw F Blackfoot (M) 0.313 Tschock (M)
1 Chapa M Gru (F) 0.206 Jackomo (F)
1 Gru F Chapa (M) 0.206 Blackfoot (M)
1 Bunay M Pronto (F) 0.235 Cherokee (F)
1 Pronto F Bunny (M) 0.235 Mohawk (M)
2 Molkka M Mono (F) 0.078 Cyclop (F)
2 Mono F Mokka (M) 0.078 Pirate (M)
2 Tassilo M Hedwig (F) 0.555 Udo (F)

2 Hedwig F Tassilo (M) 0.555 Chimney (M)
2 Pirate M Dohli (F) 0.125 Mono (F)
2 Dohli F Pirate (M) 0.125 Moony (M)
2 Chimney M Udo (F) 0.070 Hedwig (F)
2 Udo F Chimney (M) 0.070 Tassilo (M)
2 Moony M Cyclop (F) / Dohli (F)
2 Cyclop F Moony (M) ! Mokka (M)

Table6. Details about the subjects, partners and non partnersex (F: Female; M: Male), index of affiliatic

shared with the partner and number of different objects e en per b

rd. A Cross
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Degree of affiliation

The jackdaws in the groups were all clearly fmnded, with most pair bonds existing over a

long period (>5years). Although these pair bonds afiidiative relationships were easily
recognizable and well established in the two groups, 3ébiédm sessions foobservation

were carried outl7 sessions for each aviagiltmann, 1974)for additional confirmation.

Each session lasted for 20 minutes and the number of allopreening, allofeeding, agonistic
behaviors (pecking) and proximity events were recorded. A proximity event was when two

birds were close enough to touch each other. The event ended when one of Huelgwo

moved away from the other. An allopreening event was counted when a donor preened the
receiverods head or back. |t st allgiepdind event t h  t |
occurred when one individual, usually the male, actively placed foodhatopen beak of his

partner. The allofeeding events ended when the donor removed his head frormtheée pi ent 6
beak.

For each dyad, we constructed an index of affiliation following Silk e2@0§)and adapted

to birds ly Boucherie et af2016)(SeeTable §. Recorded behaviours were: the occurrences

of spatial proximiy (PROX, i.e. the distance between two birds was so small that they could

touch each othgrand the number of affiliative behaviours, which included the number of
allofeeding (FEED) and the number of allopreening (PREEN). We created the index as
follow:

Sar ((PROX/PROX)+ (PREEN/PREEN) + (FEER/FEED)) x 100
3

With Sy, the index of affiliation of the ab dy:
PROXy, the dyadic frequency of spatial proximity for the ab dyad, divided by PROX which

equals to tb overall mean frequency for all possible dyads (and similarly for the other
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variables: FEED and PREEN). The denominator was fixed and refers to the number of
variables. The value of the index of affiliation increased with the strength of a relationship.

The indexes only took into account birds from the same aviary, consequently partners and
nonpartners were all familiar birds from the same aviary.

Consequently, we considered those birds as rzaed , which exhibited the highest index of
association, wh the exception of Moony and Cyclop, from the second aviary. These two
birds formed a mated pair, but Cyclop was very shy and therefore did not behave naturally in
the presence of the human observer. Cyclop hid from the observer most of the time and
conequently she and her partner were never observed to allofeed or allopreen each other
during the observation sessions.

To create nowpartners dyads, we paired together males and females from the same aviary that
were not mates, avoiding dyads that dispthyggressive interactions. We attempted to

choose birds that showed similar patterns of boldness towards humans and novelty in.

Material

The apparatus consisted of a bowl filled with preferred food (i.e. food not avaitdtideéum,

see below) and a nelaobject to jackdaws when they were tested either with their mate, with
a nonpartner of the opposite sex or alone.

A ceramic bowl (diameter: 14 cm) was filled with preferred food that birds could only obtain
during the test: 10 pieces of crunchy mueKinfsper musli Crownfield ®) and 10 halves
zoophoba larvaeZpphobas morip The bowl was placed on the floor of the testing
compartment (aviary 1: ca. 2m x 2m x 3m; aviary 2: da0 @ x 3m x 3m) in the center of a
large circle (6&cm in diameter) spliinto 2 zones of approach drawn on the floor with a piece
of white chalk (Figure2la & b). A perch (approximatively 120 cm long, 5 cm of diameter)

was attached to one walf the test compartment at ca2@.cm height and touched the floor
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ontheothersie within the central zone of t he

food bowl (see Figure®la & b).

Figure21. Experimental sewp in (a) aviary 1 and in (b) aviary 2. A perch was hun
the wall to the floor to help birds to go to the bowl in each aviary. The large circle
cmdiameter. Food bowl was always filled with the same amount of food and the
object was put inside the bowl.
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The jackdaws were tested with five categories of novel objects (R2@uEhosen according

to a hypothesi zed fifneated.s i Sitga rantinmdagngrfingdoanh i (nlg) e
plastic figurines of ca. 3,5cm (1 = Afoot to
gradually increasing in size and liveliness to (2) bigger plastic toys (2 = bath toys;

approximately 5 x 5 cm)ral (3) even bigger soft plush toys (approximately 8 x 10 cm),

foll owed by (4) moving objects, potentially
mi mi cking insectsd6 movement s; Hexbug Nano E;
(5) schematic mitures of eyes printed in black and white on a piece of cardboard

(approximatively 16 x 10.7 x 0.3 cm).

(2) Hexbugs (5) Foot toys

4,5cm:I: 9 g{ g) ' ¢ 1‘ t$3,5cm

(4) Bath toys /i3) Soft toys
- \-:B,, p
LR
\\.’.

(1) Eyes ,

Figure22. The five categories of novel objects presented during the test sessions, numbered in an

9cm

order starting from the potentially most intimiihat stimuli to the least or non intimidating ones: (1)
schematic eyes, (2) moving hexbugs, (3) soft toys, (4) bath toys and (5) foot toys. Each bird saw a
different object of each category in each condition (alone, partnepartmer) in order to prevent

habituation.
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In the test conditions, the experimenter put each object in the bowl together with the food
except for the eyes, which were attached vertically to the bowl with some tape. While the
bowl with the eyes was introduced in the aviary for the the eyes were covered by a black
plastic bag. It was removed just after that the bowl was put on the testing compartment. In the

control condition, the bowl was only presented with food.

Procedure

All individuals/dyads were tested in testing chambgrsyhich they were well habituated, in
visual isolation from their main aviary. Three of such testing compartments were linked to the
main aviary: the waiting compartment, an intermediate compartment and the testing
compartment, all of which were intercauted through doors but were all visually blocked
from one another and from the main aviary by opaque walls/doors. At the beginning of the
testing phase, the entire group moved into the waiting compartment. This was a previously
trained, wellestablished autine; the experimenter entered the aviary giving some specific
vocal commands encouraging the birds to fly into the waiting compartment. Next, the
experimenter entered from the testing compar
the testing comartment. Consequently, even if the birds waiting to be tested were close to the
testing compartment, they were not visible by the tested subjects and could not interact with
them during the experiment. Each compartment was covered by black tissue ito entsd

any disturbance from the ndested birds present in the aviaries, and to prevent the subjects
to interact with other animals than the conspecifics paired with them.

Each pair was introduced in the testing compartment. The experimenter starteidieo
recording, allowed the chosen subjects to enter the testing compartment and then left the
compartment through the main door. Then, the experimenter introduced a ceramic food bowl

covered by a small plate through a small opening in the door blgingam with her arm.
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When the bowl was stood at right place (indicated by a chalk mark drawn on the floor), the
experimenter removed the cover from the bowl, and retracted her arm from the compartment.
The test started at the precise moment when theiexg@aer removed the plate from the food

bowl , all owi ng t he BHia&d)sHEachaestovas2@ mirtutes lang and Fi g L
was recorded with a camera (SORMPDR-CX220E) screwed onto the test
wall via a metallic trail camera wathount (FRIBEND® a 36)

The order of testing of each pair was randomized to reduce the bias due to the time spent
waiting before being tested and the food motivation, since birds did not have access to food in
the waiting compartment (maximum time with@ut libitum food 80 minutes). Likewise, the

testing period (morning or afternoon) was also randomized so as to avoid any effect on the
birddés behavior potentially caused by the ti
presented was pseudandonized and counterbalanced in each session too. During the first

part of the experiment (12of July27" of July 2016) all birds were tested with 3 of the

objects (soft toys, bath toys and hexbugs) and in the control condition (no object). In the
second pa of the experiment (19-27" of August 2016), they were tested with the two
remaining objects (foot toys and eyes). The birds were tested once a day (either in the
morning or in the afternoon) during the first part and twice a day in the second plaet of
experiment.

Since each bird was tested in the three conditions (i.e. with their mate, with an epewsite
nonpartner bird and alone) in each category, each individual was exposed to three different
objects per category to avoid habituation. Objefthe same categories were comparable in

size and overall appearance (Figu® and each bird saw each object only once. Overall,

each bird received 18 tests (5 objects and a control in each of the three conditions: with a
partner, with a nompartner ad alone). Two birds (Choctaw and Gru) died through an

accident before the beginning of the second session and were only tested with 3 objects (soft
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toy, bath toy and hexbug) and in the contr

partner) was testediwt h al | objects but could not be
participating in 16 instead of 18 tests.
tests could be conducted because, he lost both his partner apdrtreer. Also, an erran

randomization sheet occurred so that Pronto was not tested alone in the bath toy category.

Recorded behaviors

The videos were analyzed using saftwareVLC media player version 1.5to assess the
exploratory behavior of each subject during thestelit was recorded whether the birds
entered the large circle, whether they ate, whether they touched the object (except in the
control condition) and whether they removed the object (except in the control condition).
Latencies (in seconds) to enter in thrge circle, to eat, to touch the object and to remove the
object were also recorded. Finally, the number of times birds touched the object was recorded.
To verify whether subjects were more often near their mate than near tipamoer during

the tess, we also recorded the number of proximity events, e.g. how many times the two birds
were close enough to touch each other. Finally, we recorded the number of aggressive
behaviors (pecking and threatening displays) expressed by the subject toward thevas

tested with (their mate or a nqartner).

Statistical analysis

Firstly, we checkdwhether subjects were seen more frequently near their mate and were less
aggressive to them than to their noertner during the tests. In order to investigdts t
guestion, we ran generalized linear mixed models (GLMMs) using a Poisson distribution with
a maximum likelihood estimator to investigate what impact the condition (partner or non

partner), the object category (intimidating or not) and their interab@ohon the number of
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proximity events within dyads and the number of aggressive behaviors displayed by each bird
toward the other bird with whom it was tested. The effect of sex and the effect the interaction
between sex and condition on the number of@ggive behaviors were also tested. The level

of intimidation of the object categories was classified into two levels (intimidating or not)
instead of six levels (control, foot toy, bath toy, soft toy, hexbug and eyes) to allow us to test
for interaction vith other terms of the models without model convergence failure. The
classification was based on mean probabilities and mean latencies to reach the large circle and
to eat for each object and in the control situation. Because there was no object irtrtile con
situations, we did not use the probabilities and latencies to touch and to remove the object to
do the classification. Overall, mean probabilities were higher and mean latencies were shorter
in the control and the foot toy situations than in the agitaations. Consequently, we refer to
these two classifications of object categor
categories were considered as the-mtimidating situation while the other categories were
classified as intimidating sittians. Models also included the group of birds (aviary 1 or 2),

the day of testing, the order of tests (from 1 to 18) as random effects. The dyad nested within
the aviary was also added as a random effect to avoid pseudoreplication because we have
repeatedneasures for each dyad. The complete model (i.e. including an interaction between
condition and situation) was first fitted and then the interaction was removed if it was not
significant. The significance of a term in the model was assessed using tge chdaviance

after removal of that term (Likelihoedatio Test, LRT) with a chsquare test with the
appropriate degrees of freedom because deviance differences @guatd distributed.

Normality of random effects and homoscedasticity and normalitysiduals were checked.

Secondly, before building models to investigate condition, situation and sex effects on

exploratory behavior, we used a principal component analysis (PCA) to rank the jackdaws
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according to their tendency to explore because we aslatd test for the effects of the
interactions between the birdsd gener al t end
exploratory behavior. This step also allowed us to verify whether the partner and the non
partner of each subject had a simikandency to explore. We only used data recorded in the

fal oned condition to avoid the effects of a
Four variables were used in the PCA: the latencies to reach the large circle, to eat and to touch
the objectand the number of times the subject touched the object. Consequently, tests in the
control situation were excluded (no object to touch). The latency to remove the object was not
used in the PCA because this behavior was too rare. The first principal camhpeg1) axis

accounted for 70.5% of the variation and scores decreased with the latencies and increased
with the frequency to touch the object ($esults and Tabl8). It means that a high PC1

score represents a bird that explore quickly the objecttfatdtouch frequently the object.

Mean PC1 scores of each bird were thus used to rank the 20 jackdaws (from 1 to 20)
according to their tendency to explore, allowing us to use these explorative ranks in

subsequent analyses. Other PCA axes {PC2) were ot used for subsequent analyses.

Finally, we tested whether jackdaws were more exploratory when with another bird than
when alone and especially when with their mate. We then ran GLMMs using a binomial
distribution with a maximum likelihood estimator tovestigate how the condition (alone,

with a partner or with a nepartner), the situation (intimidating or not), the sex, the
explorative rank and the interactions between the condition and other terms impacts the
probability of reaching the large circliye probability of eating, the probability of touching

the object and the probability of removing the object. We also ran linear mixed models
(LMM) with a maximum likelihood estimator to investigate how the fixed effects described

above impacted on the éatcies to reach the large circle, to eat and to touch the object.
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We excluded all tests in which a subject did not show the relevant behavior (latency to reach
the circle: 105 tests excluded over 339; latency to eat: 128/339; and latency to touch the
object: 200/339). Latencies were log transformed to read normality of residuals. Because
birds rarely removed the object (27/279), we were not able to use the latency to remove the
object as a response variable in our models. Lastly, we ran a GLMM with arPoiss
distribution and a maximum likelihood estimator to investigate how the fixed effects
described above impact the number of times a bird touched the object. All models also
included the group, the day of testing, the order of tests and the individuttyickested in

the aviary as random effects. The complete models were first fitted and we then removed the
interactions if they were not significant. The significance of a term in the model was assessed
using LRTs with a chsquare test with the appropeatiegrees of freedom. Normality of
random effects and homoscedasticity and normality of residuals were chBdsdis are
showntSE i .e. SE is for Astandard erroro.

All statistical analyses were performed with R (R Development Core Team 2008) using the

LME4 R package of Bates et al. (24010 run all models.
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Results

Study 1: Food sharing in cockatiels

Food transfers
The cockatiels received 5180 food pieces in total. They consumed 3081 food items (59 % ),
dropped 1432 (28 %) and traegfed 667 food pieces (13 %) from one bird to another: 90

(2%) by stealing and 577 (11%) by cofeeding.

Effect of fooetype

Cockatiels shared fennel, the preferred food, significantly more via cofeeding than carrot
(estimate = 0.45 £ 0.09, p < 0.001, dispgi on parameter G4 =1.05). Th
preferred food, carrot, more often than fennel (estimat®.89 + 1.44, p < 0.001). No
significant effect of food type was found for consuming (estimate = 2.30 + 2.17, p = 0.294)

and stealing (estimate=. 04 N 0.21, p = 0.831, dispersion

Developmental pattern

The mean number of food pieces consumed or dropped by the young cockatiels, did not
evolve much over time (Figuzs).

The mean number of food pieces consumed by the birdsadidary considerably across the
testing periods. More food pieces were consumed in period 2 than in period 1 (estimate = 7.90
+ 2.95, p = 0.037) but no significant difference was found between period 1 and 3 (estimate =
6.45 £ 3.17, p = 0.175), period hd4 (estimate = 6.03 £ 3.05, p = 0.197), period 2 and 3
(estimate =1.45 £ 3.17, p = 0.968), period 2 and 4 (estimaté&.87+ 3.05, p = 0.928) and
period 3 and 4 (estimate-8.42 + 3.22, p = 0.999).

Regarding the mean number of food pieces dropped theestudy periods, we observed a

slight increase over time. There was a tendency for the birds to drop more food items in
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period 3 than in period 1 (estimate = 5.16 + 2.11, p = 0.070). Moreover, birds dropped
significantly more food pieces during periodh&n during period 1 (estimate = 8.59 + 2.03, p

< 0.001) and during period 3 than during period 2 (estimate = 6.01 £ 2.11, p = 0.023).
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Figure23. Mean numberof o od pi eces consumed (6) and dropped

test.

The mean number of food pieces transferred between young cockatiels, both through food
sharing i.e. cofeeding and stealing events, strongly decreased over time (Bjgure 2

Stealing events were generally scarce but still decreased over time. There was a significant
decrease between period 1 and period 3 (estim&te?8 + 0.37, p < 0.001), between period 1

and period 4 (estimate-2.37 £ 0.60, p < 0.001) but also betweenqufl and 3 (estimate=

1.17 + 0.38, p = 0.009) and between period 2 and 4 (estim&#Z=+ 0.60, p < 0.001). No
significant difference was found between period 1 and 2 (estim&i€l& + 0.23, p = 0.965)

and between period 3 and 4 (estimatd .99 +0.67, p = 0.329).
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Cofeeding decreased significantly over time. We observed significant differences between all
testing periods: period 1 vs 2 (estimated63 + 0.11, p < 0.001), period 1 vs 3 (estimate =
1.13 £ 0.14, p < 0.001), period 1 vs 4 (estimatel .95 + 0.19, p < 0.001), period 2 vs 3
(estimate =0.49 + 0.13, p = 0.001), period 2 vs 4 (estimatd .32 + 0.18, p < 0.001) and

period 3 vs 4 (estimate-8.83 + 0.19, p < 0.001).
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Figure 21. Mean number of food pieces transferred perdyad vieecdfé ng ( 6) and steal.

the 4 periods of test.

Number of sharing partners over time

The mean number of cofeeding sharing partners per bird also decreased over time8rigure

it significantly diminished between period 1 and period 4 (mean euwifipartners in period

1= 3.87+ 0.58 vs 2 + 0.49 in period 4; estimat®= 6 8 N 0. 32, p = 0.033,
between other periods. The same pattern was found with stealing events (mean number of
partners in period 1 = 1.9 £ 0.35vs 0.33+ 0.16enqu 4; period 1 vs 4: estimate-£73 +

0.62, p = 0.005, (G = 0.82).
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Siblings
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Figure 25. Sociogramm depicting the direction and frequency of cofeeding throughout (a) Period 1
and (b) Period 3. Each circle represents an individual cockatiel and every letigfieisleesach
individual as a short version of its name. The color of the circle indicates the sex (grey: male, white:
female). The filled cross on an individual circle indicates bird who died during the experiment. The
broken cross indicates bird who didtrparticipate as a donor. The weighting of the arrows indicates

frequency of interactions as a percentage of the total occurrence of cofeeding within the group.

Kinship and sex effects on cofeeding and stealing

Birds shared more food with siblings thawth unrelated birds (estimate = 1.43 £ 0.49, p =
0.004)while no effect of kinship was found regarding the stealing strategy (estimate = 0.55 +

0.36, p = 0.133)(Figur26).

The receiverds sex had no influenc®/,6 po=n <cof e
0.661) but males stole more food from each other (estimate = 0.88 + 0.37, p = 0.016) than in

heterosexual pairs, yet considering that no stealing events occurred between females.
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Reciprocity and interchange

The matix analysis of cofeeding showed that cockatiels reciprocatedtfaondfers,(TauKr =
0.644, N = 9, p < 0.001). No reciprocity was observed regarding stealing events (TauKr =
0.084, N = 10, p = 0.301). We also observed an increase in the percentageretmiihap
between two brothers, Seth and Merlin with their sister Nephtys over time (Ridure

Finally, we investigated if the cofeeding and stealing matrices were correlated with the
matrices of allopreening. We observed a positive correlation betweeootbeding and
allopreening matrices, meaning that donors shared food with individuals from whom they
received allopreening (TauKr = 0.342, N = 10, p < 0.001). There was also a positive
correlation between the stealing and allopreening matrices (TauK235,0N = 10, p =

0.013).
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Figure27. Sociogramm depicting the direction and frequency of allopreenings recorded during

affiliative sessions corresponding at (a) Period 1 and (b) Period 3 of theladdg experiment. Each

circle represents an individucockatiel and every letter identifies each individual as a short version of

its name. The color of the circle indicates the sex (grey: male, white: female). The filled cross on an

individual circle indicates bird who died during the experiment. Thehieig of the arrows indicates

frequency of interactions as a percentage of the total occurrence of cofeeding within the group.
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Study 2: Emotional response to conspecific distress calls in cockatiels

1.l mpact of the phase (Abeflaydackiduniimudamsan
behaviour

First, regarding the birdso6é activity (number

during the playback stimuli than before (estimate873 + 0.60z = -6.16,p < 0.0001) and

after (estimate =1.36+ 0.10,z=-14.05,p < 0.0001) stimulai on (di spersi on p:

2.52). Post hoc analysis revealed that the birds were also more active after the playback

stimuli than before stimulation (Tukey tepts 0.0001; see Fige 2&\).

Second, the phase of the experiment had a significant effe¢che number of calls the

subjects produced. Indeed, no calls were emitted before the playback stimuli and there were

more calls emitted during the playback stimuli than after stimulgéstimate =2.38 + 0.35,

z=-682p< 0.0001, dGure28B). 83; see Fig

Third, we observed no significant effect of the phase on the time spent in zone 1 {(during

before: estimate =0.30 + 0.56 0.54p= 0. 59, d Eaftér.eftihgte =234+ ng

0.38,z=0.60,p = 0.55; afteii before:Tukey testp =0.99; see Figre 28C).

Fourth, concerning the crest position, it appeared that the cockatiels exhibited crest position 1

(i.e. the feathers erected maximally on top of their head) more during the playback stimuli

than before (estimate 3.78 + 1.03z=-3.68,p< 0. 001, a = 0.75) and

(estimate =1.12 + 0.48z=-2.36,p = 0.018). The birds also exhibited crest position 1 more

after the playback stimuli than before stimulation (Tuckey pest).018; Figire 28D).
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Figure 28. Least square means = SE. of (A) activity i.e. the number of zone changes by

subject, (B) number of calls, (C) Rrcentage (%) of audio stimulations for which the subjec

spent more than 10 seconds near the loudspeaksd (D) Percentage (% of audio stimulations

for which the subject spent more than 25 seconds in crestid the phases before, during an

after the playback stimuli. Statistical differences between conditions (before, during, after) are
(*** = p<0.001; *=p < 0.01; *=p < 0.05). (A) Activity: before 0.3% 0.31, during 14.5% 2.05
after 3.74+ 0.87. (B) Calls: before®0, during 1.08t 0.30,after 0.10+ 0.04. (C) Zone: before 2
8.21, during 22 4.41, after 25.& 4.62. (D) Crest: before 1646.92, during 46.% 5.29, after 35.5

+5.07
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Behavioural responses to the different playback stimuli (partnerpacmer, white noise)

1.1. During playback stimuli
When looking only at the behaviours occurring during the playback stimuli, cockatiels were
more active when conftress gal ¢han withiatnepaa t ma&r O3 e rca
(estimate =0.22 £ 0.102=-2.30,p= 0. 02 2, a = 2.22) -097xwhi t e
0.12,z=-8.05,p < 0.0001). Subjects were also more active during apastmer distress call
playback during white noise (Tukey tgsk 0.0001, Figre 2R).
Concerning the calls produced by the jeats, the birds emitted more calls during the
playback of distress calls than during playback of artificial white noise (pdrimbite noise:
estimate =1.22 + 0.44z=-280,p= 0. 005, d&artneri Qvhit8 Roise: Tukew test,
p = 0.002). Hovever, no significant difference was found in the number of calls emitted when
a partner or a nepartner distress call was played back (estimate = 0.19 +03Q,63,p =
0.53, Figire 2B).
Moreover, birds spent less time near the loudspeaker duringaiieack of partner distress
calls than during noepartner distress call playbacks (estimate = 3.76 + £80]1.98,p =
0. 05, ad = 0.65). They also avoided this =zon
partner distress call playback than during artificial white noise (partwaite noise: estimate
= 6.32 £ 217z = 2.92,p = 0.004; norpartneri white noise: Tuey test,p = 0.04, Figire
29C).
Finally, birds displayed crest position 1 more often while listening to a partner distress call
playback than to that of ngmartner distress call (estimate}98 + 0.93z=-2.13,p = 0.033,
d = 0. 73) ostimaweh=i2.6%t 098z F 2.&4,p(=d@.006). However, there was
no significant difference in time displaying crest position 1 betweerpaadmer distress calls

and artificial white noise playbacks (Tukey tgst; 0.644, Figre 2D).
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Figure 29. Least square means = SE. of (A) activity i.e. the number of zone changes by
subject, (B) number of calls, (C) Percentage (%)f audio stimulations for which the subjec
spent more than 10 seconds near the loudspeaksd (D) Percentage (%)of audio stimulations
for which the subject spent more than 25 seconds in crestddring the playback gimuli.
Statistical differences between conditions (partner-panner, white noise) are given (*** p <
0.001; **=p < 0.01; *=p < 0.05). (A)Activity: partner 20.23 * 4.11, ngartner 15.83 +3.78, wh
noise 7.63 £ 2.13. (B)Calls: partner 1.2 +0.6dnpartner 1.4 + 0.54, white noise 0.63 + 0.30.
Zone: partner 3.33 £3.33, ngartner 20 £7.43, white noise 43.33+ 9.20; (D) Crest: partner 60 -
non-partner 43.3 £ 9.20, white noise 36.67 + 8.95.
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After playback stimuli

It appears that the birds continued to react to some extent after the playback stimuli. The
cockatiels continued to be more active and changed between the zones more often after
playback of distress calls than after playbatkvhite noise (partnér white noise: estimate =

-1.67 £ 0.33z=-5.06,p< 0. 0001, tpartreri Whit® Boise: Tukey tesp <

0.0001). However, no difference in activity was found between the phases after partner or
nonpartner distress cgtllayback (estimate .34 £ 0.23z=-1.48,p = 0.14).

Similarly no difference was found in the nun
oranompartner 6s di st f08%+s0.72za10M1sp=( s t6i8ma tlie == . 66
call were emitted after playback of white noise, it was not possible to test for differences
between the number of calls emitted after distress call playback or white noise playback.

The type of pl ayback stimul:i h a d udspeakermp act
Indeed, they spent less time in zone 1 after playback of distress calls than after playback of
white noise (partner white noise: estimate = 2.22 + 0.8 2.69,p= 0. 007, g8 = 0. ¢
partneri white noise: Tukey tesp = 0.04). No significant difference was found in the time

spent near the loudspeaker after the playback of neither partner npamoer distress calls

(estimate = 0.28 + 0.8@,= 0.35,p = 0.73.

Finally, there was no difference in time spent by the birds with a crest position 1 after
playback of partner distress calls, Aoertner distress calls or white noise (partharon

partner: estimate .87 + 0.10z=-0.87,p= 0. 38, d er¥ white n@ige; estimate t n

=-0.66 + 1.127=-0.59,p = 0.56; nonpartneri white noise: Tukey tesp = 0.98).

2. Ot her effects on birdsdé behaviours
The subjectsd sex has no significant ef fec:

tendency for malesotbe more active than females when all phases were analyzed together
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(estimate = 2.24 £ 1.5¢=144,p= 0. 15, a = 2.52), as wel |l

1.40,z=146p= 0. 14, ad = 2.05) and after zFphlBdy back
p= 0.12, a = 1.99). The only Dbird that was
(Callisto).

There were important individual differences between birds as indicated by the high variance
observed for the bird identity random effect during playback stimulation (activity, variance =

2.05; number of calls, variance = 4.87; zone 1, variance = 9.06;l¢cnemtiance = 16.99) and

after audio stimulation (activity, variance = 4.19; number of calls, variance = 1.61; zone 1,

variance = 1.12; crest 1, variance = 40.47).
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Study 3: Testing prosociality in an experimental task with psittacids

Experiment 1: Othefregarding preferences in psittacids

An average of temo thirteen sessions was needed for the birds to reach the criterion of less
than two Ano rewardo items chosen in three s
Firstly, we observed the general results wiitthvidual choices pooled together (FiguB&

31) and then we analyzed each bird individual preferences in order to bring to light the
individual strategies and personal variability (Figu32s: 33).

Whenresults obtained frodhf r i c an g r el wepeaaoledo(Figuré30),rthe gem

chosen by the subject had a significant efféct(Z, 24) = 15.49p =.013): African grey
parrots chose mdren tthh@anowi er @wm.@6) ahdthepochase® 1t e
more the fAboth rBéwar dateva( €0b). Tthdreaism no tsigndicant

di fference betweem tama @ dwen irbeptrds).dibewesofd o it
object (the replication of each test) also
Aset 3a alndd vise &f.@5e Birds Z2xhibited significantly different strategies
depending on the replication of the experiment. However, there are no significant differences

for the factor fAitemo smattchiwi tehaicrm @=e@5h otry fer

When conures and macaws0 r é&swebbseve the samekindo | e d
of results as with African grey parrots: there is a significant effect of the item (F (2, 42) =
13.96,p <.01). There is a significant difference beéme i owarr droe and fino r ewa
(p < .05); but also betweeimb ot h r ewar d 0o p&f). Howeeer, thexenaeerna 0 (
significant differences bet weer03tpbwiwecaawar do

observe a significant effect ofah s et of object (fAset 10 vs NAsc¢

10 vs pgs®029, We also can observe significar
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Mean number of chosen items +/- SE

set o0: I n set 1, t herteham fMmmoa er eivwaprd005etweamsd oc h

sdé 2, there is more Aown r ewarpkdOl)anckemoret han

Aown r ewatrhdaon iftbeomish reward0l1l) tems sats 3|

reward i tem than dAopm OO ewamamd omoee @b dtnho

rewar dp<.00l).es (

8

W Both reward
O Own reward

1 No reward

- N

setl set 2 set3

=

Figure 30. Mean number of African grey parr6ts c hoi ces acr oss
pooled together (with the 3 sets of items). TWay RM Anova + HolreSidak test.
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5 i ONo reward
5 **% p<.001

*p<.05

Mean number of chosen items +/- SE

N e B N

setl set 2 set3

Figure3l. Mean number of conures and macaws¢
pooled together (with the 3 sets of item&jvo-Way RM Anova+ HolmSidak test, ***:.p <
.001

When we look at individual strategies, we observe that most of the subjects developed a
significant preference for the fAown rewardo
preferences changeatross the repetitions (Tabi®. Sometimes the birds choose between

both objects at random, especially with the first set.

Most of the birds (six out of the eight birds tested as subjects) developed a preference for the
Aboth rewar do osbetecaf, onijtencttsh.e Weasabser ved e

tended to be similar within a dyad even if it was not possible to observe any direct reciprocity.
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Birds Sex Relation Setl Set 2 Set 3

Psittacus erithacugZoé) Female| Living together 0O-B O-B O
Psittacus erithacuéL_éo) Male Living together O-B O-B B
Psittacus erithacuéShango) | Male Living together | O-B-N 0] B
Ara glaucogularis Female Mated pair 0] 0] B

Ara glaucogularis Male Mated pair 0] 0] B
Aratinga solstitialis(MUG) Male Sibling 0] 0] B
Aratinga solstitialis(BG) Male Sibling B O B

Ara macao Male Mated pair B O-B-N B-N

Table7. Individual choices of all birds in experiment 1with the 3 sets of items. Analyses were done on

the ten last sessions per set per bird (Friedman RM AnovaontankEu k ey t est ) . O: i C
it em; B: ABot h r ewar doO-B-N: eansignifidantp R O-B @ ®-8lir d 0 i t e
significant difference with the third alternative;< .05; O or B: significant difference with the two

other available choicep;< .05
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African grey parrots
The grey parrots were tested with two different partners but no difference in the behaviour of

the subject according to the partner identity was found. We observed that each individual

adopted a strategy at the end of the expermt (set 3): Zo® chose n
rewardo item than the two other I tems and
preference for the 3@both rewardo item (Figur

Shango and Zoé emitted frustration calls after the subject made his decisi@nél-these
calls were produced significantly more often when her partner chose the selfish object

compared to the two others (CBguare tes 2 (2, N = 10) = 12.22 < .001).

W Both reward
@ Own reward

5 A OO No reward

Mean nuber of chosen items +/- SE

gl I AN ’

setl | set2 | set3 | setl | set?2 | set3 | setl | set?2 | set3

- -

Zoé Léo Shango

Figure32Mean number of African grey parrot

the 3 sets of items). Friedman RM Anova on ranks + Tukey tgs& .95
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Other parrots

The femaleA. macaarefused to interact with the objects; therefore, only the male was tested
because his female accepted to come and take the reward nevertheless. Hbiseveailet

kept choosing between the objects at random,
of experiment, with the third set of items. Due to this unusual choice, it was not possible to
conclude whether he really understood the task. Otheridudils chose preferentially the

Aown rewardo option with the first set of o
rewardo option with the third set. I n the e
Abot h rewar do othofobjects (Figuré3)hContrargto Afrecan tgreysparrots,

macaws and conures did not vocalize during the exchanges so we cannot conclude about their

frustration and emotional state.

*

10 * x K M Both reward

¥ ¥

MR N
, [ - *p<.05
6

4 (|

3

2

e, Lol slha

setl| set2 set3|setl set2|set3|setl set2|set3|setl| set2 set3|setl set2|set3

Mean number of chosen items +/- SE
6,

Female A. Male A. Male A.solstitialis| Male A.solstitialis| Male A.macao
glaucogularis glaucogularis (MUG) (BG)
Figure33. Mean number of macaws@én conur eso® i ndividual <c¢h

3 sets of items). Friedman RM Anova on ranks + Tukey tepts*:05
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Most individuals anticipated the fact to be rewarded: #ygyroached the experimenter when

the tested bird chose §).Weompabsor on propertioasrofithie o b | €
number of anticipation events divided by the items chosen by the subject, for every type of

item for all individuals produced thllowing results : there is a significant difference

between the three type of items chodeif,7) = 11.036p <.001). The number of anticipated
rewards by the partner when the subject ch
different from thetwo other conditions: birds anticipated more the reward when the subject
chose the Abomparedwat dot he edflloandwhen theydhioseo ne (
the fAboth reavaed ot ot &me c b mpll) whereasano dignificant e m  (

dffer ence was found mhmetdwdieonwni me prad8War condi ti o
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Reward anticipation by the
Items chosen by the subject
partner
Both Own No Both| Own | No
Subject Partner Total
reward | reward | reward |reward reward|reward
MalesP. erithacugShaagolFemaleP. erithacu
12 2 0 151 | 139 10 300
+ Léo) (Zoé)
P. erithacugShango + | Male P. erithacus
6 1 0 105 | 163 32 300
Z0é) (Léo)
Male P. erithacus
P. erithacuqLéo + Zoé) 1 0 0 145 | 134 21 300
(Shango)
FemaleA.
Male A. glaucogularis 60 1 0 115 | 174 11 300
glaucogularis
Male A.
Female A. glaucogularis 91 2 0 109 | 185 6 300
glaucogularis
Male A. solstitialis
Male A. solstitialis(MUG) 72 0 0 102 | 185 13 300
(BG)
Male A. solstitialis
Male A. solstitialis(BG) 79 0 0 157 | 132 11 300
(MUG)
Male A. Macao FemaleA. macao| 45 5 0 149 | 81 70 300

Table8. Number of reward anticipations (i.e., approaches of the experimenter) by the partner during
experiment 1 depending on the item chosen by the subject. The results show all anticipations events

observed with th8 sets of items per bird.
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Experiment 2: Influence of inequity on other regardingreferences

When we pooled alll b i r34),své didcnbtmbsene siny signijcartt h e r
effect of the condition (inequity vs control) (F (1, 15) = 16,33, 0.056) and the item (F (2,

15) = 1.79,p = 0.28). Moreover, we observed a significant difference for the interactions

bet ween Aconditiono apd &.iQe8no: (tFh gr2e wvi&ds mo
items chosen in inequity condition than @ontrol condition when all birds were pooled

together (p <.001). Nevertheless, when we focussed on individual strategies, we observed

that African grey parrots kept the same strategy as during the last repetition of the first
experiment. Also some impartit interindividual variability in strategies appeared between

birds (Figure35).

|l ndeed, i n control condition, Zo® kept <choos
= 7.5) than the fAiboth rewardo obj gMetdianEMedi ar
0.5) G2 (2, N =8) = 13.31p < .00]. The Tukey test revealed that, in control condition, Zoé
chose more often the fAown r e(d0.@bpandthaetime t han
Abot h r e warod5). Inahe éneqyity condition treewas no significant difference

between item choices @ (2, N = 8) = 5.60p = .08).

Contrary to Zo®, the female, mal es kept <choo
both conditions, L®o chose mor e tobjeets.mbot h 1
control conditions, we obtained the foll owin

rewar do ( Mediraenwa=r doo) iatnedmef (@, V=8 + EBB.n7lp=.0a@). (
The Tukey test revealed that in control condition, Léoxclto mor e of ten t he A
tem than the fAowlS)aredvatridan itthlen HNn0d) Arsiaar d 0 i

pattern is observed in inequity conditiam? (2, N = 9) = 17.43p < .001) Léo chose more
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t he fiboth rewar do ridtoe p<t.0&haehnd tthhea ni otvhne rhenwa r e
< 0.05).

Il n contr ol condition, Shango chose more the
rewar do itemec(RM&d&i7a=nll.Hp 0D0P bt there was no significant
difference for he other comparisons. In inequity condition, Shango obtained the following
results for Aboth rewardo item (Median = 1(
rewar do it ens2(2Me=d8) ald.30p< .@)) THe Tukey test revealed that in

ineqqui ty condition Shango ecnmotshea motrhee tihgwni broa w

<.055and than the padd). Therewes rb&ignifidcard difference between

Aown rewardooantemeoi newprdi).i ty condition (

9
* ok %

8
ud ; W Both reward
- @ Own reward
Vi
g 6 O No reward
bt
c 5 *
o p <.001
0
S 4
k]
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Figure34. Mean number of African grey parrotsbo
birds pooled togetheekperiment 2). TweWay RM Anova+ HolmSidak test, ***:p <.001
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Mean number of chosen items +/- SE
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* — —
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8 =5 m Both reward
% @ Own reward
6 ONo reward
4 *p<.05
| i
o NEl °8
Control Inequity Control Inequity Control Inequity
Zoé Léo Shango

Figure 35. Me a n number of African grey parrot
conditions (experiment 2). Friedman RM Anova on ranks + Tukey tgs.95

Experiment 3: Influence of other regarding preferences on the maintenance of cooperative

behaviour
During this third experiment, L®o obtained
(Median = 5) fAown rewardo item RN = 4)

23) = 3554p < .001). TheTukey t est reveal ed that there
chosen compared to Ano reward itempafteg@g<t O05i
r ewar dp<.05)t Butntherg was no preferences between thi b o t hitem and the d o

own r e wap>d0d) (Figure36). (
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Figure36. Mean nutb er o f L ®((thé subjectin experiment 3. Friedman RM Anova
ranks + Tukey test; ¥ <.05

Shango acted differently depending on the item he received from Léoditied Fisher exact

testp< . 001): There are more fAboth rewarrdddd it e
(477 99) and fAno r ewar &9 Therte em significant differenceg s e e
bet wben hfirewar do am<d.00d)mamdnbetweeiivbaortdndo r(ewar do al

rewap<do. 5) but no differencesewhetd@eBhemsewn |
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Figure37. Percentage of items transferred by Shatige receiverpccording to the object recei

from Léo during experiment 3. Fisher exact test; P <.001

Moreover, Shango reacted differently depending on the item he received from Léo.
Concerning frustration, Shango expressed more behaviours such as cardboard biting, beak
scraping and frustration calls, when Léosl® t he fAown rewardo (21/9
the fAboth r ewar dsided(Fisherl ekakt) tegpj <t .@0f) Hé dlse deft the

apparatus and flew awasnor e often when L®0 <chose the
compared to the #fbo(Two sidee Risher éxact tegi, € 001)((eé 11 4)
Figure38) . Al s o, Shango threw the fAown rewardo
than the Abot h (Twowided Eisber exaceteg=(0QL) 11 4)

The number of 0 own rby $tanga decraaded over timer(Speasmare r r e

correlation, N = 22 ¢=-0.701,p < .001).
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We also observed some anecdotal aggressive displays from Shango towards Léo when he

failed to transfer any item. However they have been too rare to be statisticailiigarg.

* %k %k

I 1
35 * % %

30
M Fly away

@ Frustration
25

*k% < 001
20

15

10

Percentage of behaviors expressed by Shango (%)

Both reward Own reward No reward

Items
Figure 38. Percentage of Shangobs behaviour

object received from L®o during experi

scraping and frustration calls. Fisher exact test, **<.@01
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Study 4: Impact of social contexts on novel object exporation in jackdaws

Proximity and aggressive behaviors
There was a significant effect of the interaction between the condition (partner-parioar)
and thesituation (intimidating or not) on the number of proxy events within a dyad

(interacti on c &rFd.450,p=00006). Hemde tnuniér of proximity events

within a partner dyad was higher in a scary situation (1.97+0.59 proximity events per test)
than in anonscary situation (1.50+0.51) whereas it was the opposite foipadner dyads
(scary: 1.23£0.39; nescary: 2.44+0.63). Regarding the number of aggressive displays, there

was no effect of the interactions or the situation or the sepg fa0.135).

However, birds displayed more aggressive behaviors toward theiparorer than toward
their partner during the tests (partner: 0.41+0.13 aggressive displays per tes&rmnen:

0.66+0.17;%% = 6.125,p = 0.013).

PCA

PC1 captured variatiofinked to all the four variables and explained 70.5% of variation
observed in the sample. All variables except the number of times the birds touched the object
were negatively correlated to this axis (Ta®jeA high PC1 score therefore represents a bird
that was quick to reach the large circle, to eat and to touch the object and that frequently

touched the object.
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Behaviors PC1 PC2 PC3 PC4

Latency to reach -0.503 -0.523 -0.185 -0.663
the large circle
-0.529 -0.424 0.736
Latency to eat
Latency to tach -0.510 0.400 0.749 -0.137
the object
Frequency of 0.455 0.622 0636

contact with the
object

Table9. Principal component analysis of four explorative behavioral traits. PC1, PC2, PC3 and PC4
explain, respectively, 70.5%, 20.7%, 5.8% and 2.9%acohtion observed in the sample. Empty cases
correspond to values below 0.1.

Probabilities
Regarding the probability to reach the large circle, there was no effect of the interactions, the
condition and the sex (gl > 0.201). However, the more explaxeg birds (PC1 scores) were

significantly more likely to reach the circle¥{ = 34.604,p < 0.00) and all jackdaws were

more likely to reach the circle in the rortimidating situations than in the more intimidating

situations (intimidating0.62+0.03 nonintimidating: 0.84+0.03 X7 = 18.776,p < 0.00)).

The same results were found regarding the probability to eat, with no effect of the
interactions, the condition and the sex fakk 0.253) but the more explorative subjects were

more likely to eat X7 = 32.170,p < 0.00) and all jackdaws were more likely to eat in the

norrintimidating situations than in the intimidating situations (intimidat@&3+003; non

intimidating: 0.82+0.04 X = 23.586,p < 0.007).
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Regarding the probability to touch the object, the interaction between the condition and the

explorative rank was not far from being significaif € 5.265,p = 0.071). More explorative

birds tended to benore likely to touch the object when alone than when with another bird
whereas less explorative birds were more likely to touch the object when withparoer

bird than when t&ed with their partner or alon@ther fixed effects were not significant even

if there was a tendency for birds to be more likely to touch the object in thietimaidating

situations §.42+0.07 than in the intimidating situation8.25+0.03;¥] = 3.199,p = 0.074.

The probability to remove the object was higher for ma®45¢0.03 than for females

(0.09+0.03;%7 = 3.974,p = 0.046. More explorative birds were also more likely tonmve

the object ¥ = 17.036,p < 0.00). Interactions were not tested because convergence failed

when they were included. Other terms were not significanp(al0 . 0 9 1) . The MnAscl

eyeso cat egor y theanalysislmetause birdsinever eechovedrihis object.

Latencies
Regarding the latency to reach the large circle, there was a significant interaction between the

condition and the explorative raii%3. =6.712,p = 0.035)

Less explorative birds we quicker to reach the circle when tested with their partner than
when tested with another bird or alone but there was no effect of the condition for the more
explorative birds, which were not influenced by the presence of a partner and reach the circle
at the average same speed (Figu®g Jhe birds were also quicker to reach the circle in the
nonintimidating situations (53.2+13.7 seconds) than in the intimidating ones (95.9£17.2 sec;

Xi=4.621,p = 0.031) and males §52+14.3) reach it faster than females (95.2+17.9 sec;
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;= 6.227,p = 0.048). Others terms were not significaatl @ > 0.097). There was a

significant effect of interaction between the condition and the sex on theylaterat {3 =

6.100,p = 0.047) (Figure @). Females were slower to start eating when alone (145.3+38.3
sec) than when with their partner (66.1+18.5 sec) or another bird (91.0+37.7 sec) whereas
there was no such extrerddferences between conditions for males (alone: 67.3+26.5 sec;
partner: 43.3+12.2 sec; nqrartner: 58.1+31.1 sec; kigg40).

Birds were also slower in the intimidating situations (94.3+18.7 sec) than in the non

intimidating situations (64.9+15.2 se&; = 10.278,p = 0.001) and more explorative

jackdaws were quicker to start eating; & 8.912, p = 0.003). Other terms were not

significant (allp > 0.225).

Regarding the latency to toudtetobject, only the sex effect was significai’f € 4.880,p =

0.027) with females (176.3+31.2 sec) being slower than males (111.6£37.5 sec). Other terms
were not significant (alb > 0.217).
The model looking at effectsn the latency to remove the object did not converge probably

because it was a rare event (27/279 tests).
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Discussion

The aim of this thesis was to investigate the implication of social relationships and affiliation

in prosociality and empathy in two species of birds, cockatiels and jackdaws, respectively
from psittacids and corvids families. The main hypothesis was that prosociality was enhanced
between preferred partners, which are also potentially sharing emotional. bioisdindeed
suggested that empat hy, especially between
will drive prosociality as suggested by Decety et(2016) Psittacids and corvids are
especially renowned for their specific mating association involving-lermg maogamy.

This type of association has been defined as cognitively demanding and could be one of the
selective pressa for the emergence of eitigence in these birdEmery, Seed, von Bayern,

& Clayton, 2007) Indeed this social complexity between partners implies cooperation during

and outside breeding season but ats&eep tracks of past interactions with others. Some of
these birds haveven demonstrated abiligenvolving Theory Of Mindike abilities in some

corvids species via foedaching experimentgDally, Emery, & Clayton, 2006and food

sharing paradign Os't oj i [ , Shaw, C,hseglesting tigey atel abley to @mke | 20
t he other 6s ment.aHutheamora,tempathyi dods motgaire camplaxt
cognitive capacities such as theory of mind
implies a discrimination between the self and the otfizesety et b, 2016)(BischofKohler,

2012) Consequently, empathy could exist between preferrgdgya and could be one of the

main drivers of prosociality. The congx link between affiliation, empathy and prosociality

still remains to be explored further.
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1) Testing prosociality in parrots and corvids

In this thesis | investigated prosociality witiffdrent species and through different types of
paradigms, using both artificial experimental tasks and more natural settings to study
spontaneous behaviors like food sharing.

Both cockatiels inthe first studyand psittacids tested ithe third studyshowed prosocial
tendencies: parrots were tested via an artificial task (the exchange of tokens) and cockatiels
via a more natural task (foegharing). Nevertheless, the two tasks presented some major
differences: the foocdharing experiment was evaluating @oistaneous behavior while the
sharing of resources in the PCT experiment was forced by a human experimenter and birds
had to understand the values of tokens to obtain a reward. The task in experimental condition
was more controlled but was also more anitifi. Moreover, in the food sharing experiment,
letting the piece of food goes to another individual represented a cost while in the PCT
paradigm, there was no cost at rewarding a parbemrause the subject received a reward
when he chose both selfishdan pr osoci al options (Aown rewar
Consequently, both experiments were complementary and evaluated different aspects of
prosociality. Now, the best option to better understand prosociality in these two species would
be touse thesame paradigm.

Unfortunately, both cockatiels and jackdaws failed to show prosocial tendencies when tested
with the same paradigm. Both have been tested with an experimentgl seolving the
opening of boxes to deliver (or not) food to their partn€he paradigm was adapted from
Schwab et al (2012)See Appendix I). However, these observations were not sufficient to
conclude about prosociality irhése birds. Cockatiels were not habituated enough to the
apparatuses and they did not manipulate much with their beak, contrary to other parrot
species. Consequently, it is possible that the task was not adapted to this avian model.

Concerning jackdaws, #y understood how to useetlapparatus and open boxes but did not
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choose significantly more the baited box than the empty one, even though they have been
tested twice a day during two months. It is likely that the design of the task involving two
choices vas at the origin of the failurdn corvids, some studies demonstrated thads
displayed a high level of failure in that type of taslon Bayern, 2008)We can then
hypothesize thati our study, jackdaws were more motivated by the fact to manipulate and
open the box than by the food reward alone.

Consequently, since many bird species are neophobic, we can then design sdw daskss
prosociality va spontaneous natural behavistgh as nest construction and defense where
birds had to help each other to construct it and defend it again inti(iRiegd & Bossema,
1982)or during coalition formation. Jackdaws are also known to share very strong bonds with
their mate so we could also try to test rescue behavior as it was evaluated with rodents in
several experiments involving restrainéBen-Ami Bartal, Decety, & Mason, 201YBen

Ami Bartal, Rodgers, Bernardez Sarria, Decety, & Mason, 2013 type of experiment has
been tested on a short period of time with cockatiels Appendix I) but unfortunately they

did not received engh training sessions witthe box to observe conclusive resultson their
ability to solve the task. Since jackdaws are more habituated to manipulate with their beak |
think they may easily learn how to free a partner and they may be probalby highly ewbtivat

to help their sexual parers to escape.
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a) Food sharing in cockatiels
In the first study, we investigated how affiliation and social relationships modulated food
sharing in cockatiels over a 3 years longitudinal stddys study shows four main results
First, young cockatiels shared food with several different individuals although the number of
recipients as well ashe number of food transfers (cofeeding and stealing) noticeably
decreased over their first three years of life. Second, the cockatietdetired more food to
their siblings than to unrelated birds. Third, they shared their preferred type of food more than
the less preferred one. Finally, cofeeding was both reciprocated and interchanged with
affiliative behavior (allopreening).
Concerningthe ontogeny of foodharing over the study period, we found a similar
developmental pattern in cockatiels than in jackdaws: food sharing frequency and the number
of food sharing partners decreased over time. This fast decrease in food sharing pattern over
time was not observed in roof&cheid et al., 2008)n young jackdaws, the decrease was fast
and steep, while in cockatiels, even if there was a marked decrease, birds still continued to
cofeed after three years with two individuals on ager In jackdaws, the rather abrupt shift
seems to be takinplace roughly after 3 months post fledging when the birds are still
immature (de Kort et al., 2006) When they are sexually mature, jackdaws share food
exclusively with one partner, and usually in a courtship corftetchsler, 1989)with mostly
the male initiating the transfer towards the fen{&lebitza et al., 2015)Consequently, it has
been argued that foezharing in juveniles may serve as an honest signal important in later
mate selection, indicating potential highality partnergvon Bayern et al., 2007Even if the
number of individuals with whom the cockatiels shared food decreased over time like in
jackdaws(von Bayern et al., 200/)hey still shared food with two or three different partners
in their second and thdryear, similar to rooks (Scheid et al 2008hese contrasting results

can be due to differences in socialfigmery, 2016) Indeed, rooks not onljorm exclusive
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pair-bonds withtheir sexual partners batsomaintain multiple affiliative relationshipshen
mature(Boucherie et al., 2017)As colonial breeders, rooks must be tolerant because they
spend a significant amount of time in close proximity with other group mer(Beusherie,

2016) In jackdaws, even if birds aggregate in colony, the tolerance between meshbers
different pairs can be low. The pdiond represents the strongest unit and evalh mhembers

of the colony can cooperate to mob predatpests exhibit high levels of competition for
resources towards other members of the colony.

Moreover, a patbond formation explanation for cofeeding would predict more transfers
between males and females. Although cockatiels and rooks shared food with several partners,
they show a preference for one specific partner, and it is crucial to highlight that thiseprefer
individual is not necessary a heterosexual partner. No sex effect was found on the cofeeding
rate in cockatiels. Sarsex dyads shared as much as heterosexual @yads food sharing
occurred betweefemalesin cockatiels. In rooks, the four femalefsthe group received food

but never offered food. Moreover no significant sex difference was found in the tendency to
cofeed(Scheid et al., 2008)n primates the literaturesuggests that females may be more
empathigEisenberg & Lennon, 1988e Waal, 2008Christov+Moore & lacoboni, 2016and

are more willing to share food with their offspri(@ilk, 1978)than malesHowever, it has
beenobserved in chimpanzees coagére-hunters that females rarely share food with each
other(Rose, 1997)Similarly, female cockatiels did not cofeed with each other and also rarely
with males.Theyeven tended to avoid contact with others during fslearing trials.

After the last period of the foesharing experiment, we gabérds access to nebbxes and

two mated pairs formed: Nephtys and Seth, which were siblings and shared food extensively
and Hermes and Viviane, which were unrelated and only exchanged very few pieces of food
at the beginning of the experiment. Even #gh observations are anecdotal, they strengthen

the view that food transfers are not mandatory for pair bond formation in cockatiels. In rooks
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a similar pattern was found. There was no detectable sex effecfeediog rate, there were
multiple sharing prtners and no donor or preferred receiver in fslaring interactions
formed pairbonds later in lif§Scheid et al., 2008)

Our results are more consistent with the-éa@hection theoryHamilton, 1964)than with the

bond formation explanatiorn our group of cockatiels we found that siblings shared more
food via cofeeding than unrelated birds, even when thegnee@dults at the end of the
experiment. These results are in line with thoseendesl in rooks: birdslo cofeed with their
nestmates more often than expected by chébdeeid et al., 2008)n another study on plant

food sharing by wild chimgnzees, most exchanges occurred between mother and offspring,
but there were atssome sharing betweerbkng dyads and other close relatives. In total,
related dyads accounted for 86% of all food exchanges obs@vegarew, 1979) Sharing

food with siblings seems to be a costly but still payafigstrategy to improve fitness. Our
results concerning the kin selection hypothesis partly contrast with those of the the first
jackdaw study but not with the second one. De Koal €2006) found no effect of kinship on
cofeeding rate, in their experimengabup. In von Bayern et $2007) study, the three main
dyads still sharing food at the end of the testing period were heterosexual pairs but were also
all sibling pairs. One of the crystallized sibling dyad was a trio: one female, which was paired
with he brother kept sharing ém with another female. Consequently, it was not possible to
conclude unambiguously whether food transfers were driven by kin selection er pair
formation. The fact that the birds shared mostly with one exclusive partner frompibsitep

sex pointed at the pair bond formation explanation more strongly. In our cockatiel group, one
of the two heterosexual mated pair was also formed by siblings.

It has been pointed out that formations of sibling pairs as well as-semgairs in conds

may be an artifact of captivity and some disruption of the natural process diopdir

formation due to the limited choice of possible partraerd therefore shouldebinterpreted
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with caution(de Kort et al., 2003jvon Bayern et al., 2007). The same might apply to parrots
and a caveat of our study is that the sample size was diaadover,even if the group was
constituted of five males and five females the-so was biased inside each syioup: the

group of siblingsvas mostly constituted of males and the group of unrelated individuals was
mostly constituted of females. It is a possibility that the choice of partner was constrained by
this biased sexatio inside each subgroup. This could éawased our results intmore
sibling pairs and samsex pairs than would have formed with a greater choice.

However, in another small parrot species, Spectacled Parfedigtus conspicillatus it has

been observed that in the first months of lifeyrtship feeding and reproductive behavior of
captive birds are addressed predominantly to siblings, preceding the finbpdiformation

with an unrelated bird of the opposite sex in sexually matured individ@dsnetzke
Stollmann & Frack, 1991)(Wanker, Bernate, & Franck, 1996Fimilarly, in budgeriges,
fledglings form mutual affiliative relationship including cofeeding atildpreening with one

of their siblings before elaborating a stable pair with an unrelated indivi8teips, Kus,
Clark, & Arrowood, 1990) This process may be a crucial developmental learning phase for
the young birds to acquire social rules and an appropriate behavior with their conspecific
Even if cofeeding between siblings in these cases lme interpreted as sonoeurtship
behavior, it seems more implicated in constructing the young bird social life rather than in
real pair bond formation. These ephemeral associations with siblings could be seen as a
training period before bonding with axclusive partner. The twexamples of other parrot
species may suggest that, in these two species and in cockatiels, a combination of both kin
selection as well as the pdiond formation hypothesis best explain their cofeeding patterns
Our results are ab in line with the reciprocity hypothes(3rivers, 1971) The studied
cockatiels transfeed foodmainly to those from whom they also received food. This may

suggest a tifor-tat dynamic in the food exchange®n the other hand the affiliative
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behaviours indicated that the birds that mutually shared food were also affdgatsllings.
Hence, their foogharing was probably driven by the degree of affiliation rather than by the
motivation to reciprocate. One may also argue that the reciprocal cofeeding pattern was,
simply because cockatiel siblings spend most of their tma&ase proximity. De Kort et al
(2006) observed a similar foddr-food pattern in the study on young jackdaws and argued
that proximity could not be the main driving motivation to exchange food since some of the
individuals shared with up to 8 partnerghin a single feeding trial. This finding suggested
that the donor actively approached partners and fed them. The fact they all received food from
the donor in the same trial could nbé explained by their proximity with the donor.
Similarly, in our stugt donorssometimes shared foasiith multiple individuals. Also, there

was clearly no reciprocity in stealing, even if stealing attempts also occurred between birds
sharing strong bonds and spatial proximity. This finding indicates that proximity wasenot th
underlying explanation for cofeeding.

Cofeeding was also correlated with allopreening, which one may interpret as indicating an
interchange between cofeeding and affiliative behaviors. Consequently our results are also in
line with the trade hypothesisuggesting that reciprocation can occur in a different currency
(Noé & Hammerstein, 1995)This kind of exchange has already been observed in several
primate species e.g. chimpanzégs Waal, 1989 de Waal, 1993) but also in vampire bats,

in which foodsharing was positively correlated with groomigWilkinson, 1986) Whether

the observed cofeeding patterns indeed are a calculated exchange of favorshaatiest
reflecting the ind v i d unatuak éffiliative bonds, remains questionable. Affiliative
behaviours such as preening (or grooming) are also manifestations of existing affiliative
bonds and may also reflect its strength. In vampire bats for exainpks been suggested

that foodsharing may require social bonds develegover long periods of time and was

most likely to happen between individuals sharing high levels of associganer &
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Wilkinson, 2013) Whether fooesharing nay also be underpinned by prosocial motivations
and the wildl to i mprove ot her s 0 (devWdalfetal., e, as
2008de Waal, 2008) remairs to be investigated. The additional observed exchange of
stealing and allopreening could be an artefact of the interaction frequency between affiliated
birds. Indeed, siblings interacted more than unrelated birds and as a consequence this may
also includemore aggressive interamhs although they just represent a minor proportion
considering the overall affiliative interactions. We can also underline that no stealing events
occurred between females. Only femalale pairs and male sarsex pairs displayeduch

kind of aggressiveinteractions. This result is in line with a previous study which
demonstrated that male cockatiels exhibited higher rates of aggression than {(Saibled

& Crowell-Davis, 2001)

Another point that needs to be considered here before major conclusions can be drawn on a
trade or reciprocity in different cuencies argument is thent@oral aspect. The analysis
revealed a correlation between cofeeding and affiliative behaviors but we cannot conclude
about the causation of these events because the temporality of the two behaviours in relation
to each other is nidaken into account. Wtnerefore remain ignorant if the cockatiels were
keener to share food after being preened or whether they preened birds more likely with
whom they were allowed to cofeed before. In order to clarify the causation between socio
posiive behavior and willingness to share food, we would have had to analyze data with this
notion of temporality.

The willingness to share also needs to be tested. Indeed, the harassment avoidance hypothesis
could also be used to explain why birds are transfg the food they prefer and why they
accept to lose the nutritional value of the food item. They could be forced to share by others.
Contrary to jackdawévon Bayern et al., 200%yhich exhibited a distinct posture, no begging

postures were observed in cockatiels. Potentiedivers willing to eat the food, usually
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followed donors on perches but did not call or moved their wings in a ritualized manner
However cockatiels were clearly not-teeding in order to avoid beggars and aggressive
threats by their partners: stealing events associated with aggression were scarce and there
were very few harassment events. Usualhge donor easily avoided any hasment by
walking off, turning their heard away from the beggar or flying away to another perch. The
potential receivers rarely followed them and did not make repeated attempts. In jackdaws, a
positive relation wad found between the amount of beggingvestdy the donor and the
amount of food shared with the beggar but
remains unclear. And apparently no agonistic interactions preceded food exchanges
suggesting that donor were not physically forced to shak vieth their partner¢de Kort et

al., 2006). The study with rookgScheid et al., 200&nd the second study with jackdaws
(von Bayern et al., 200did not investigate these hypothesis.

The finding that the cockatiels shared the preferred food type (fennel) more with their partners
than the less preferremhe, may indicate that they may have perceived a higher value item, as
serving as a stronger signal. Cofeeding coul
costly behaviors, like food sharing could be used to test thktyjof a matgZahavi, 1975)

It was the main explanation for foadfering, but not for cofeeding in rooks, since dominant
members of the dyad offered food significantly more than subordinate members. However n
such significant effect of dominance was found for cofee@@wjeid et al., 2008)The same

trade was observed in jackdaws: jackdaws active giving took place from subordinates to
dominants and vice versa. These findings not support the prestigenhancing and
dominanceaffirming hypotheses, which predict that aetigiving only takes placé&om
dominant to subordinatggle Kort et al., 2006)This hypothesis has not been tested with
cockatiels but it is urkely that dominance played a role in cofeeding in these birds, since

many individuals acted both as recipients and donors with many partners
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Alternatively, the birds may use it as a more effective trading currency. In primates the quality
of the item canmpact on the sharing etas shown e.g. in chimpanzéBeesch & Boesch,

1989 Rose, 1997) humans(Kaplan et al., 1985and capuchingde Waal, 2000) These
species have been shown to share meat more exteriaalplantfood. Since meat is more
difficult to obtain and a better source efergy, it represents lagh quality and valuable
trading item(Kaplan et al., 1983)ut the taste preference has not been tested in these cases. In
our study, both carrot and fennel were rare, but the nutritional value andettyy &enefits

for the birds have not been evaluated, even if carrot is sudp&ztespresent a higher
nutritional value, due to a higher proportion of carbohydrates. Interestingly, in previous
studies on jackdaws, contrasting results have been observed: birds shared the preferred food
significantly more in the first studfde Kort et al., 2006put the jackdaws in the following
study, showed the opposite trend and kept the preferred food mostly for thenfselves
Bayern et al., 2007)n the first study, it has been argued that the excess of active giving of
preferred food cannot be explained by the begging rates oédipgent. Cofeeding may bie

this case the signal of positive intent towards the recigaKort et al., 2006)Contrary to
cofeeding,the motiwation to steal in cockils was not influenced by the quality of food,
suggeshg that the exchange of preferred food could bet has been suggested by de Kort
and ceworkers(2006)the signal of a positive intent and a prosocial action directed digvear

conspecific to improve its welfare.

Affiliation seems to play a crucial role in food sharing since siblings, which also exchang
lot of affiliative behaviorsare also the bird&ho shared food at the highest rate. It would be
very interesting tdest foodsharing during the breeding season and also during the rearing
period of nestling to see if in these conditions partners would exchange more food.

Interestingly, in adult jackdaws, food sharing only occurred between mated partners. In the
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food-sharing experiment with cockatiels, birds were young adults, and it is likely that they
were still choosing their future sexual partnersu§ more observations when mates would
have lay eggs would be useful to better understand the implication etfamadg in bond
formation.

b) Testing prosociality in an artificial task with psittacids
The aim of thethird studywas also to investigate prosociality in psittacids, this time via a
Prosocial Choice Task (PST) using token exchanges in an artificial settiokyimgv an
interaction with a human experimenter. In the first experinads of birds had to choose a
token in front of a human experimenter. The bird chose one out of three tokens. Each token
was associated with a specific valtle nereward one whis gave no reward at all, the own
reward token, which provided a reward only to the subject and therdw#rd which gave
access to a reward for both participants. The dyads of birds were either sexual partners, or

siblings, or only familiar birds housedgether.

Experience 1 Other-regarding preferences in psittacids

In the first experiment, we tested eight individuals from four different speciegxceptfor

the maleA. macao we observed that all birdspidly stoppedto chooset he fAno r ewar
object. Moreover, Shango and Zoé emitted more frustration calls when the subject chose the
Aown rewardo object tThesametobservatiohsoverd madewhder d 0O
testing two other african grey parrots on the same paradigm. Indeed, one biedl enute
frustration calls and awhdéneseakingfalbor patt bf the reveand a r d
going to the partngiPéron et al., 2013)

In this experiment, African grey parrots did not crmosmor e often the HfAbot
than the other parrots but they definitely vocalized more. Conures and macaws did not express

their frustration via calls. It is possible that being tested with a sibling or a mate and seeing it
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receiving a reward is lssfrustrating than being tested with a froate or a nosibling.

Indeed, even though they were housed together, African grey parrots did not display strong
bonds as seen within mated pairs.

Also, the maleA. glaucogularishas been observed once displaysggressive behaviors
towards its female after she picked the fAowr
bird understood the value of each item and that he would not receive any reward due to its
partner s choi ce. Waeahese birds canattributea datue to theaabjectso s t
and discriminate between them according to the outcéveechose not to use an item which

would only reward the partner because we used it in a previous experiment and the birds
avoided this choicééronet al., 2013)

Similarly to chimpanzeegSilk et al. 2005Vonk et al. 2008) cottontop tamaringCronin et

al., 2009)and jackdawgSchwab et al.2012) our psittacids did not always deliver food to a

partner at no supplementary cost although some partners were siblings or mates.

However, and contrary to our hypothesis, no links have been clearly demonstrated between
affilation and prosociality. Gntrary to our expectations, African grey parrots did not change

their strategies according to their partniris surprising to observe that Zoé€, the female
African grey parrot, kept choosing the fAown
of the experiment, and with her two partners, even though she shared different relationships
with them. We thought that she would change her strategy depending on her partner identity:
choosing more fAboth rewardo i temsndwshodging L®o,
more often the fiown rewardo item with Shangc
she kept the same strategy across the three/fseeent study demonstrated that unrelated
nonpair-bonded adult pinyon jays actively and spontaneoussyesl food. It appeared that
dominant individuals shared more than subordinates and that reciprocity did not account for

sharing (Duque & Stevens, 2016)it would be interesting to study the implication of
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dominance wh prosociality in parrots, but it seems that their social organisation could differ
strongly from corvids social associations like ravens or azueded magpiegWascher and

Bugnyar 2013 Horn et al. 2016)In a previous study in which the birds had to cooperate
(Péronet al., 201b), tolerance and dominance have been assessed between the three African
grey parrots and we did not observe any linear hierarchy betimelviduals: Léo was

strongly dominant over Shango, Shango was dominant over Zoé and there were no dominance
between Zoé and Léo. No dominance and tolerance tests have been conducted on macaws and
conures because partners were mates or siblings andvemgréolerant toward each other.

More investigations on social dominance and hierarchy in psittacids would be needed before
investigating their links with prosociality and cooperation.

Surprisingly, we still observed selfish behaviors (choosing prefetehtig t he fAown r ¢
item.) with conures and macaws, even if they were exclusively tested with their siblings or
mated partners.

Apparently, birds usually stick to one strategy (with the same set of objects, at leaditj and

not modulate it according tdheir partner or to the nature of the relationship they share with
them. It seems to be the case for the Mateacaovnh o kept <choosing the i
at an important rate. Although he did not receive any reward, the experimenter reported that
this bird kept choosing the same items, several trials in a row. So it is also possible that the
bird was more interested by interacting with the item and the experimenter than by the reward
he could obtain. To exclude any alternative hypothesis, it woulduméatto test birds in a

similar paradigm but with different partners sharing different kind of relationships (mated
partner, but also neaffiliated birds) in order to characterize the link between birds and the
impact it could have on prosociality.

The fact that birds generally tend to prefer the same item as their partner could be seen as a

form of reciprocity. Thus when one individu
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object, its partner tends to do the same even if the set of objects arendlifée each subject.

However, during another study where two grey parrots had the opportunity to take turn after
each trial, we did not observe any recipro¢Rgronet al., 2013)

Interestingly, gen if partners from the same dyad seemed to adopt the same strategy, the
birds were not firmly and definitively stuck in their initial preferences. We could indeed
observe a switch of strategies between set 2 and set 3chivdst he Aown r ewar do
the selfish alternative in set 2, while they
option with the last set of items. Like chimpanzé@shan & de Waal, 2005he birds in

set 2 did not maximise the benefits they could possibly ob&gause they could have chosen

the fiboth rewardod object each time and both
trial.

It appears that the ememygre of the prosocial choice could be due to different factors. Birds

tended to develop a preference for the fiboth

which suggests that they could have | earned
Maybe they |l earned to act prosocially in ord
could possibly feel positive feelings associ

the Awar m @Andrean 199)tmiase2014),During another experiment conducted

with two other African grey parrots tested with human partners in another lab, one bird
responded in ways that suggested heetstdod reciprocity and prosocial behaviour at some

level (Péron et al., 2013) In cottontop tamarins, reciprocity increased food transfers.
However, when tamari nso b etbthes mossocial wantsol, & v al u a
prosocial effect emerged late in sessions independent of recip(@cdyin, Schroeder, &

Snowdon, 2010)So we cannot exclude the fact that prosociality emerges across trials and

could be stimulated by the fact to see partners being rewarded.
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It alsoappearghat withA. solstitialisandA. glaucogulatisirds, partners sometimes tried to
steal food from the subjects when they chos
would bethat prosociality could be chosen in order to avoid stealing and maximise the reward
obtained by the subject. That way, bdihds obtained a reward and there was less chances

that the partner try to steal food from the subject. Even though we did not observe any
begging behaviors or direct harassment as |
behaviour of steaingihhe f@Aown rewardo alternative coul d
for the fAboth reward it predigted thatnihe enerainsistent thear a s ¢
beggars will be, the more the sharing by owners will incrégssvens & Stephens, 2002)

Such findings have been observed in several primates species as chimpanzees and squirrel
monkeyg(Stevens, 2004)

The maleA. glaucogularistwice stole the reward from its female during trials in which he
picked wup the flbie pohksible thavm thid situation,jinenhith. both birds
received a rewadrand the total amount of food was split, a negative association was formed
because the birds had to o6sharebo. We coul d
rewardo item in order to steal It from the
Nevertheless, these stealing attempts were too rare to represent the main motivation to act
prosocially.

Even if some rare events of stealing and aggression have been recorded, no changes in social
interactions (e.g., no affiliative behaviours or attackeye displayed just after the testing

period (behaviours have been recorded during fifteen minutes following the end of the
session) but maybe longer observational periods post session would have revealed some
differences.

Finally, the fact that birds chs e preferentially the fAboth re

experience could be due to pure chance. Indeed, as we observed an important switch in
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strategies between set 2 and set 3, results could be different after another replication. Birds
clearlymadea di fference between the items deliver
but it seems they alternated their choices between the prosocial and the selfish options.
Similarly, it has been shown in another study that captive blue jays tested inlediegloff

games do not cooperate in the absence of immediate benefit, even iftarlarigenefit may

exist. Birds favoured sheterm consequencg$tevens, 2004)in our study, birds incsl

chose a rewarding item, but show no stable p
the item provided a reward to the subject, it could be preferred.

To conclude, we must stay careful with the interpretation of these data. Asamtranter

individual differences are significant, more individuals should be tested with more different

sets of objects to reach a definitive conclusion.

It seems that prosociality emerges across sessions, but more replications would be needed to

acertain it.

Expeience 2: Influence of inequity onotheregarding preferences

Whent he value of the fAboth rewardo item was I
stick to their previous preferences in both control and inequity conditions when we studied

their individ u a | strategi es: the two males chose pr
Zo®, the female, kept choosing the Aown r ew:
capuchins monkeys whstopped being prosocial when the differences between themat

for the tested individuals and the one for its partner were too(Bigisnan, Talbot, Ahigren,

Lambeth, & Schpiro, 2010) Like chimpanzee@Brauer et al. 2006 our African grey parrots

did not behave much differentlyhen faced with an unfair situation. The males continued to

prefer the fiboth rewardo item, perhaps becau
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did not either stop working, as capuchins or chimpanzees sometimes did in such an unfair
situation).

Even though birds have been tested alternatively in control condition with a food they were
used to, and in inequity condition with a preferred food given as a reward to the partner,
subjects did not really show frustration. Since, in inequity conditioth birds received food

at the same time, it appeared that the frustration was not strong enough to create IA.

We can also argue that the subject did not pay attention to the partner and the reward he
received, as the subject had its own reward to elteasame moment. Indeed, both birds
were rewarded at the same time, and since the partner was perched 50 cm away from the
subject, it is possible that the partner and its rewards were not cues of interest for the subject
at this very precise time.

Possiby their inequity aversion (lIA), if present at all, was not strong enough (as they still
received a reward) to overrule a previously established preference. The high number of trials
they received during the first experiment, could also play a role infikad, previously
learned strategy.

Moreover, as previously stated, it has been shown in primates species that effort could play a
major role in IA(Massen et al., 2012)n our task the partner received food while being
totally passive (the partner bird was perched next to the subject and just had to wait to obtain
a reward) and the subject only had to choose an item. The results obtained with African grey
parrots are close to those obtained in orangutans and squirrel monkey®stbdnn a token
exchange paradigm with an experimen{Brosnan et al. 2011Talbot et al. 2011)In
chimpanzees, it has been also described that individuals did not respond to inequity of
rewards when those revds were simply handed to the individuals without a task being

required(Brosnan et al., 2010 onsequently, it would be interesting to increase the level of
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inequity betweer ewar ds to observe if it hasstoconseq

participate to the task.

Besides, as stated [Silberberg et al. (2009)IA is supposed to emerge if the subject is

expose to having the quality of its reward degraded across the condition. In our study, it is

not the case: i n inequity condition, when t
received the same fAusual 0 food awardblethi®r e, a
experiment, the subjectds rewards have never

to test parrots with a degradation of the food reward across time in order to test if IA would
emerge in this setting.

In spite of all, we observed surprising result within interactions: there was a significant

di fference between inequity and control conc
was probably due to Zoebs <choices, whi ch we
introduced tis variability in our results. This result is contrasting with all studies about IA,

since most animals kept choosing the same strategy than before, or stopped to cooperate when
the partner received a better reward. In birds, crows and ravens have begnntestoken

exchange task to evaluate their behavioural responses to inequity in the quality of reward
(Wascher & Bugnyar, 2013Tontrary to our parrots, corvids decreased their exchanges when

the experimentgp ar t ner received the reward as a gift
first). They also decreased their exchange performance in the inequity condition compared to

the equity condition, and even refused to take the reward after a successful exichang
inequity condition compared to other conditions. Once again, it seems that IA was linked in

this paradigm with the working effort necessary to obtain the reward.

However, animals do not always respond to inequity, and even when some animals respond to

IA, some individuals do nafBrauer et al. 20Q6Brauer et al. 2009Brosnan, Schiff, & de

182



Waal, 2005) It is still crucial to underline that very few studies have been conducted in birds
and more investigations are needed to identify the factats rhoderate the response to

inequity aversion.

Experiment 3: Influence of othetregarding preferences on the maintenance of cooperative

behavior

In this third experiment, birds had to cooperate to obtain a rewhedsubjec{Léo) had to

choose one tokethengave it to the receiver, which had
to be rewarded. In this experiment the subject still avoided threwsard token but did not

choose preferentially the both reward token over the-@ward one. Interestinglyhe
receiver(Shango)cooperated less when he received the-osward token, which provided
himnorewardSomet i mes, the receiver even preferrec
than to transfer it to the experimentéte also emitted more frustratiasalls and left the
apparatus more often when the subject gave
could conclude that the receiver clearly understood the value of each item, but it seemed that
the subject did not t a k ent. Wnfoaunatelg, ove icouléd nod we l
exchange the roles of each bird and check if the previously frustrated receiver would change

its strategy when becoming the subject

The fact that Léo did not take into account the situation of its partner and did nohedapt
choices to its partnerodos reactions could be
differences between the two rewarding items in some of the previous trials (experiment 1).
Previous studies conducted with the same birds revealed thav¢hneyable to cooperate and

even to share when the reward was not equitably distrifBtzdnet al., 201b).

Even though this geriment was designe®@ tenhance prosociality and cooperation in our

birds, Leobébs behaviour can be explained by
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two items that wusually provided him a rewarc
couldalso be explained bysh kind of learning (transferring only the reward which provided

him a reward). As shown since a long time ago (see for exddualkes & Gaertner, 1977)

even more complegooperation tasks involving communicating some information to a partner

could be interpreted in terms of associative learning and autoshdpaylpe alternating
birds6é roles during the experiment could ha
act othesregarding) ad results such as reciprocal altruigfrivers, 197) but even in this

case an interpretation in terms of associative learning could not be ruled outo $hang
aggressive behaviors towatdo when he failed to cooperate are probably the best argument
against such a parsimonious interptein even thoughhey were not frequenmneugh to be

significant.

Similarly to chimpanzeegSilk et al., 2005Vonk et al., 2008)cottontop tamarinSaguinus
oedipus(Cronin et al., 2009pand jackdawqSchwab et al., @L2), our psittacids did not

always deliver food to a partner at no supplementary cost although saotnerg were

siblings or mates. W could argue that the presence of food rewards couldihlaNgted the

prosocial tendency of the subject, which wasrely focused and concentrated to obtain food

for itself. Some studies suggested that when food was visiblesuihjectwas influenced by

the desire to eat the rewafd/arnekenet al, 2007 Barneset al, 2008) In our experiment,

the bowl filled with the rewasl was on the experimenterds Kkne
subject had to choose the item, but the food was then made wdibhparticipantsatetheir

reward. It is therikely that the motivation for food had incidence on siidjecd shoices.

To concludemost of the individuals of the different psittacids species tested in this study
were able to understand the task and attribute values to objéetg chosehe prsocial

optionat the end of the first experimeibiut did not react to inequity the second experiment
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and the subject did not take i1ts partneros

efficiently in the last experimentHowever, the understandird the task and the alue of the
token seems to be validated and are encouraging results to duplicate this study with more
subjects. It would be especially interesting to test individuals with different partners,

depending on their degree of affiliatiors, @sted with African grey parrots.

2) Does empathy exists in cockatiels?

The aim of thesecond study of this thesisas to investigate the roots of empathy via
behavioral responses of cockatiels to distress calls of familiar birds. We wanted to determine
if the intensity of their behavioral responses was modulated by affiliation and by the potential
emotional bonds existing between partners. Four variables were used to quantify the stress
induced responses of these birds (locomotion, the number of calledgntite time spend

near the loudspeaker and the time spend with their crest of feathers erected).

Our results demonstrate that during the playback stimuli, the cockatiels reacted more intensely
(as expressed by the number of calls, the activity of thd lbir the time spent near the
loudspeaker) to distress calls of conspecifics than to control noise. The birds responded more
strongly to partner distress calls than to 4pamtner distress calls in terms of all recorded
stressrelated behaviours (activitievels, avoidance of the loudspeaker and crest position)
during the playback, except for the number of calls.

Also after playback stimulation, the cockatiels appeared to react less to white noise than to
conspecific distress calls, although they appegestbrally more aroused after a playback of
either condition than before, as one would expect. This reconciles with the findings of a
previous study which demonstrated that white noise elicited changes in lvebagiono

noise in budgerigarMelopsittacusundulatus(Miller et al, 2012). Our cockatiels reacted
differently to conspeéc calls and white noise but they also displayed an increased attentional

state during white noise stimulations similarly to budgerigars, often showing crest position 1
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(i.e., crest fully erected). Moreover, no significant differences were found in mvsgion

during playbacks of nepartner distress calls versus white noise. This result suggests that the
birds were attentive in both conditions. More intense reactions to conspecific calls compared
to control noise have also been reported from domestgs dCanis familiari9 which
exhibited more stresse| at ed behaviours when exposed to
hearing control stimulfQuervetChaumette et al., 2016)

Our finding aligns with other reports of animals that discriminating between conspecific calls
depending on the degree of affiliation. Similar results were observed with adult ravens
(Corvus corakx which heard playback calls from previously familiar ravens with whom they
shared an affiliate or neaffiliate relationship and from unfamiliar ravens whom the birds had

not encountered before. Ravens separated for up to three years responded differently to
playbacks in call numbers and call modulation depending on the valence of their relationships
with the emitter of the call§Boeckle & Bugnyar, 2012)However, these studies did not
investigate emotional responses specifically. More interestingly, a study investigating
emotional contagion, but not discrimination between conspecific calls, reveatdhth
contagiousness of yawning in females geladas baboons correlated with affiliation and the
level of grooming contact between partn@Palagi et al., 2009Since studies investigating

the discrimination of calls based on affiliation are rare, we also looked at results involving
familiar animals. Domestic horseBduus caballuscan discriminate conspecifics depending

on familiarity: they exhibited significanthanges in head orientation depending on the
category of whinnies they had been exposed to. The strongest orientation was displayed in
response to unfamiliar calls, the lowest in response to group member calls and intermediate
responses to familiar cal{Eemasson et al., 2009)A study examining emotional responses

on domestic dogs compared reactions to familiar and unfamiliar conspecifics vocalisations
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using a parmdigm similar to ours, but failed to find any significant differer{(€@uervet
Chaumette et al., 2016)

In our study, interes behavioural responses indicating emotional arousal/mild stress were only
observed during the playback stimulations. It is important to emphasize that hardly any such
stressinduced behaviours were observed before the first playback stimulation, suggestin

social isolation in itself or the handling at the beginning of the experiment were not sufficient

to elicit any observable arousal. Before the first playback stimulus, the birds were not very
active. They typically sat calmly on the floor and appedr s | eepy at the end
phase preceding the playback. This sleepiness could have been a consequence of the stress
they felt before the beginning of the experiment, as it has been observed that yawns in
budgerigars were strongly elicited afterstressful handling procedugliller et al., 2010)
Nevertheless, before the playback, the birds did not emit any calls, they spent more time near
the loudspeaker (the source of a stressor in the experiment) than during and after the playback
and had their crests down, which saggthat birds were calm and relaxed. In other social bird
species like zebra finche3deniopygia guttatasocial isolation in itself can impact on the
birdsdé behaviour and physiology. I n zebra f
activity ard a rise in plasma corticosteroffRerez et al., 2012 Consequently, we kept the
experimental phase as short as possible (30 minutes maximum) and usednat&8 period

of silence at the beginning of tleeperiment to allow birds to calm down before the playback
stimulation in order to reduce any potential bias due to the stress of the preceding procedure.
Movement is a common variable used to quantify behavioural responses to distress calls.
However coflicting results have been reported in different species. Some species move less
and freeze more often when (Gbreajezlipreresceeal.,v e a
2014 Goumon & Gp i nkhai,l e2 Ooltéh)er speciesd movement

actually increase in response to conspecific distress gaitudy on pigs for example found
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no differences in their movement patterns depending on whether the pigsshaeads$ of
conspecific in distress or control sour(@ipjan et al., 2011)indian mynahgAcridotheres

tristis) increased their flight and walking rates when exposed to a taxidermic model hawk
associated to conspecific distress calls, as compared to blank control§Gritiis, 2008).

Thus, in some bird species, an increase obrwotor activity when exposed to distress calls
seems to reflect stresgsduced behaviour and the motivation of the bird to escape. It is
interesting to underline that during playback of white noise, the cockatiels did not move but
seemed highly attentiighey stared without blinking, did not move and displayed an erected
crest), possibly to gain information about this novel stimulus.

Alarm call production in cockatiels compares with that of other species that produce alarm
calls in fearful situations: #ir calls have short durations, they are tonal with high frequencies
ard exhibit frequency modulationgBriefer, 2012) In our present study, it is worth
emphasizing that no bird ¢adl before the playback stimulation, and only 4 individuals
emitted the 9 calls produced overall during the silent phases following the broadcast, which
may suggest that the alarm calls are directly triggered during the playback stimulation and are
a maniestation of the emotional arousal of the subject. The birds mainly produced calls
during the playback stimulus and significantly more in response to conspecifc distress calls
compared to white noise. However, there were no differences in the numbes efrodted

by the subject when hearing partner or 4pamtners distress calls. Conspecific calls are
probably very strong stimuli when testing social birds in isolation. This salience may have
caused a ceiling effect so that no differences could be foutwdebe the two types of
conspecific calls in terms of calls emitted in response.

In some species the type of alarms calls have been found to vary in relation to the size or type
of the predator and/or the urgency of the respqismans et al. 1993 Blumstein, 1995

Manser, 2001)For instance, blackappedchickadeegPoecile atricapillus)increased their
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calling rates in the presence of smaller predators, expressing a higher risk, than when
encountering larger predators or contrf@empleton et al.2005) In our present study, one

might hypothesize that birds would call more when a close partner is in danger than when a
non-partner is in a similar situation. Thus, the number of alarm calls ermttettl translate

the emergency of the response through the emotional state of the emitter and the signal would
be both referential and emotion&@eyfarth & Cheney, 20032003b) Given that only few

birds emitted calls during the playback stlosi(6 out of 10 birds called and emitted 97 calls

in total throughout all playback phases) and that important individual variations exist between
subjects, our sample size was too small to show any significant differences.

Some distress calls are known éticit strong aversive reactions and immediate flight
responses in different species. Such calls have been even used in airports to scare away birds
from aircrafts(Papin, Sebe, & Aubi, 2015) However some bird and
calls both alert conspecifics but may also trigger their mobbing behaviour, thus attracting
conspecificyFenton et al.1976 Russ ¢al., 1998 Branch & Freeberg, 2012 the case of

our study, it was not possible to make final conclusions about the function of distress calls in
cockatiels, gen that their movements were restrained by the cage, so that they could not
show flight or mobbing responseset, the playback of distress calls in our study seems to
have triggered stressduced behaviours that would normally result in flight moren taay

sort of mobbing behaviour. The subjects significantly avoided the loudspeaker during the
playback (but not before or after the playback stimulus) suggestive of an aversive reaction to
the distress calls playbacks.

Motivated by an ever growing conceof improving animal welfare, the last 10 years have
brought about many studies investigating how to interpret and measure emotional processes in
animals (Paul et al., 2006MendI et al., 2010Briefer et al., 2016). There is a general

consensus that emotion can be measured via behavioural, cognitive and physiological
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changesPhysiological measures such as heart rdéésscheret al., 2008, 2008b Briefer et

al., 201%; Dupjan et al., 201Goumon & G p ormdraonal |&velslli&e) salivary

cortisol (Perez et al., 2019Variappanet al., 2013) have been used to assess emotional
responses in different specigdowever, they did not always find significant differences
between control and aversive conditions, and often the data did not seshie reihce it is

often difficult to control for excitement caused by the test proce(@uervelChaumette et

al.,, 2016 Dupjan et al.,, 2011Go u mo n & G p Reimkrtaet al.,2003) Given these

diffi culties, we chose to focus our investigations on-ingasive behavioural measures,

which were easy to apply to our small avian model.

Most of the studies on emotional processes have been conducted on mammals and it was our
goal to develop new tools to @sure behavioural responses in birds in this particular context.

The use of the crest position, even if it can indicate either attentional state cinsiuessl
reactions, proved to be a relevant indicator in this species. Cockatiels generally use their
plumage to express emotional states and they displayed erected crests more during the
playback stimuli than before and responded more strongly to a partner distress call than to a
nonpartnero6s distress. Birds ar eotidnad arousal it o puf
several contexts such as during agonistic interactions. It is for example the case in jackdaws
with tdhewmbiddsture which is a threat postur
combined with fluffed head and body feathérsckie, 1956 Roell, 1978) The position of

facial and head feathers could be used in other species of birds to assess emotional states. Our
results are promising drencourage further development of this measure.

To summarize, cockatiels reacted more strongly to conspecific distress calls compared to a
control sound, but interestingly they reacted differently depending on the identity of the
emitter and the degree dfffiliation between them. Although we did not measure the

emotional valence of the played back distress calls and the alarm calls recorded in response to
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the playbacks, and although we only focused on negatively valued calls, our results suggest
that it may be promising to assess emotional contagion in psittacids further. We observed that
movement patterns, vocalizations and distance to the loudspeaker were informative and
yielded differential results depending on the degree of affiliation between tleetsabg the

caller. We also found that recording the crest feather position constituted a meaningful new
indicator of attentiveness and emotional arousal in cockatiels. Looking at feather positions
may provide a new, nemvasive technique to measure s¢ressponse and attentional state in
birds and deserves more attention by further studies.

Our results are especialtyriking because birds not only reacted to these distress call stimuli,
but they distinguished the identity of the caller anely respond#differently depending on

the idenity of the emitter and the relation they shared with the subject. These results were not
observed in similar paradigms with dd@uervelChaumette et al2016)

Our results reveal that birds reacted differently depending on the relationshipshéred

with emitters, suggesting that the preferential bond they share drove the intensity of their
behavioral reactions. Nevertheless it would have been interesting to test more types of dyads
in order to understand if one kind of relationship (likedhe shared by mafewould trigger

more intense reactions than others. Is it the duration of the association (siblings know each
other since they were born) or its functionality (reproductive success of mates) that could
influence the emotional link betwe partners? Due to our small sample size, we could not
compare the intensity of reactions depending on the type of dyads (mates, siblings or
affiliates). Even if our results are not sufficient to prove the existence of empaghiated
responses in cockats, these differential responses to audio stimuli are first evidences of
preferential sensitivities towards others.

Empathy could have evolved in animals in order to form and maintain bonds within social

groups and to help others while responding to theeds(de Waal, 2008)One of the most
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popular hypotheses explainitige origin of empathy is parental care. Taking care of offspring
increases fitness but is also mediated by attach(bsdety et al., 206). It has been argued
that empathy could motivate parental care aodld have been selected because it increases
fithness by maximizing the survival of offsprings. In birds, most spgoes monogamous
pair bonds and biparental care is common. Somds l@ven form longerm pairbonds like
jackdaws(Kubitza et al.2015)or pairbonds for life like barnacle gee@iglack, 2001) It has
even been observed that the efficient cooperation of parents at the nestredrémuthe
survival of the offspng, unaided females having more difficulties or even failing to take care
of broods by themselve®Volf et al., 1988 Dunn & Hannon, 1989)t could then be argued
that longterm monogamy and biparental care in birds could be especialyc@nt to study

the role and influence of empathiylore studies are tis required to investigate these

guestions.

3) _Impact of pair-bonding on behavioral responses in a stressful situation

The aim of the lastind fourthstudywas to evaluate the impact thfe social relationships on
novel object exploration in neophobic jackdaws. Birds were exposed to 6 different situations:
a control, in which preferred food was presented in a bowl and random exposure to novel
objects of 5 different categories which w@resented next to the food and which differed in
intimidation level. They were exposed to these stimuli either alone, with their mate or with a
familiar oppositesex partner.The study shows three main results. First, the jackdaws
exhibited certain prefenees for their mate (i.e. the partner). Mated pairs were seen in
proximity to each other more often, when in an intimidating than when in-&ntiondating
situation, whereas the opposite was true forpariners. Moreover, more aggressive displays
occured between nepartners than between partners. Second, the explorative behavior of the

jackdaws appeared affected by the condition yet two different patterns were recognizable that
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depended on t he i ndividual so t e n d ganley t o
accordingly).The less explorative birds were quicker to approach the object when tested with
their mate than when tested alone or with another bird whereas the more explorative birds
always approached very quickly independently of the sociakegbnthe more explorative

birds also were more likely to touch objects when alone compared to social contexts, while
the less explorative birds surprisingly were most likely to touch an object when paired with a
non-partner. Third, there was a general effef sex with females being slower and less
explorative than males, when all conditions were jointly considered. Also, females were
slower to start eating when tested alone than when with another bird, particularly with their
mate, whereas no such diffapes were observed in males

The fact that mates spent more time in proximity in intimidating situations than i non
intimidating ones, while the opposite pattern was observed wheparamers were paired up
suggests that, to some extent, birds activedk seassurance in the presence of their bonding
partner in stressful situations, whereas the proximity of aafiiirated individual may not be
reassuring. The result that the jackdaws stay near their mate in intimidating contexts, is in
accordance with everal historic studies that showed that ratsight the proximity of
conspecifics in a stressful situatigmaylor, 1981)and that the presence ofcanspecific

reducel the fear respong®avitz & Mason, 1955Latané et al., 1972Rats exhbited shorter
freezing periods in response to a stressful noise when placed in groups than when tested alone
(Taylor, 1981) For example, rats spent most of their time in close proxiwtitggn tested with

their partner and stayed much closer together than expected tgeclaregariousness and

fear reduction incr@sed over the length of the experim@rdtané, 1969)More recent studies

in other animals showed e.g. that heifers are less stressed and tried to escape less from an
unfamiliar place when paired with familiar individuals rather than witlamiliar individuals

(Takeda et al., 2003Being in close proximity in an intimidating situation therefore may have
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a comparable appeasing and streskicing effect in jackdaws as observed during consolation
in ravens(Fraser & Bugnyar, 20H), chimpanzeegPalagiet al, 2006 Romero & de Waal,
2010)and canidg¢Palagi & Cordoni, 200Cools, Van Hout, & Nelissen, 2008)

The observation that the partners however do not seem to stick togetherimtimatating
situations whereas they then suddenly stay close tgpadners asks for an explanati@ne

may have predicted that the birds prefer to spend time in proximityeafmate rather than
another bird in any situation, as it is observed in ravens which spend generally more time in
proximity with their preferred partners (sibling§téweet al., 2006). One possibility is that

the proximity with the notpartner may be an effect ebcial facilitation. Social faatation
means that the behavior of one individual affects the behavianaher(Zajonc, 1965) In

the present study, jackdaws would spend time in proximity with other conspecifessbec
the context of the experience may attract birds together, even if they are not mates. The
presence of a conspecific is generally positive and bring informabahe subjectPrevious
studies have found that jackdaws responded more teaffibated individuals than to
affiliated individuals in a social learning context where they were allowed to watch either
affiliated or nonaffiliated individuals interacting with objec(Schwab et al2008&).

Another possibility is that nepartners stayed close together because of an arising food
competition; particularly in noemtimidating stuations. Indeed, our experimental design
included the possibility to obtain rare pretal food. It may be possible that the competition
for food caused delay in exploration when birds are tested with goartmer companion.
While in many corvids, parars typically do not compete for food but are generally tolerant
of each other during ésling and even actively share fo@i® Kort et al. 2006; von Bayern et

al., 2007 Dugue & Stevens, 2016honpartners may be perceived as competitors wihbrw

one should empete for the available food in the bowl and therefore stay close not to allow the

other an advange while feeding. When tested alone, the subject faces no danger of receiving
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aggression from a potential competitor, nor when paired with their mate thizejackdaws

are extremely tolerant of their partner so they are expected to come quickly eaif Even
strong hierarchy and competition for resources (in particular for nest sites) may exist between
individuals in jackdaws(Roell & Bossema, 1982)mated pairs typically exhibit the same
dominance rank withi the group(Lorenz, 1931) If food competition was high between
mated partners, we should leatound more aggressive behaviors between mates but we
found the opposite. Females also approached later when they were tested alongngugges
that the dlay to approach was not influenced by food competition with a partner but rather by
their confidenceo explore new objects, which appeared increased when with a partner in the
case of females.

However, to our knowledge, the present study is the firstvestigate the role of the social
facilitation by longterm bonding partners on exploratory behavio birds. Few studies
investigated the relation between mated individuals in birds outside the reproductive context
and the potential connectedness betwemates. Even though mated birds are well known to
form strong longeerm monogamous pair bon@sack, 194Q Emery et al., 2007and can be
characterized by the large amount of time they spend in close proXimnitynich, 1976g;
Boucherie et al., 2016no experimental studies assessed haptiesence of the mate could
influence the subjectds behavior.

Previous studies investigating exploratory behavior and the impact of the social conéext hav
compared situations where the subject was alone, with another bird (usually a sibling) or in a
grouwp with familiar conspecific§Stoéwe et al., 2008 Moretti et al., 2015Miller et al., 2015)

but they did not compare dyadic situations in which the subject was either with a mate or with
a nonaffiliated familiar individual as in our studyNevertheless, these previous studies
suggested that the relationship shared by individuals influenced their explorative behavior.

For example, in dogs and wolv@doretti et al., 2015)sibling pairs investigated the object
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for longer than nossiblings pairs and imavens,siblings approached faster than rehblings

(Stoweet al., 2006). Juveniles ravens also handled significantly longer the target object that

a sibling handled previously in themonstrator phag&chwab et al2008b)

In our study the morexplorative birds always explored the objects very fast in all conditions

and were more likely to touch the object when tested alone than when tested with lainther
irrespective of the relationship between them. Similar results were observed in iravens

which individuals exhibited a shorter latency to explore new objects when on their own than
when in a dyadic situatioftoweet al., 2008). The alone condition may best represents the
individual 6s explorative tendency without be
Moreover, fast ravens were also quicker to approach novel objects when alone than when
paired with another birgStowe & Kotrschal, 2007)One may also argue that single birds

might have been faster to approach novel objects because they did not spend time interacting
with conspecifics, swhen tested with companiofigainwaring et al. 2011) Generally, the

delay observed in exploration when tested with conspeafn be explained by the fact that

the subject have to process more concurrent information when tested witlindttigiuals

and need more time to analyze the situation.

The less explorative individuals on the contrary, were faster to approach witenpanied

by their mate than in the other two conditions whilengevith their mate did not increase the

number of times they touched the object. One could argue that the presence of the mate has an
impact on its partner behavior and that this influersceven stronger on less explorative

animals. The presence of the mate would play the role of a social facilitator. The presence of

t he mate would induce synchr caobgervedin Goadiah ner 0 s
finches Erythrura gouldiae (King et al, 2015) It would be interesting to characterize
individual profileforea h bird and observe if a fislowo bi

more explorative to the effect of its partr
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approachedhe novel objects quicker and spent mangeticlose to them when paired with fast
siblings than when alon&towe & Kotrschal, 2007)

One important confounding variable to be considered here in the two social conditions
(partner /normpartner) may be the explorative rank of the other pecific the subject is
paired with in thedst dyad. The presence of another conspecific may not necessarily have a
calming effect (as discussed earlier), but may equally transmit tension and thus lead to an
increase of fear via emotional contagion wherddiare tested with other individualde

Waal, 2008) In other words, if one individual is stressed by the novel object, it is very likely
that its nervous behavior will influence the other bird negatively towards the novel situation
rather than appeagnt. And this transmission may be more pronounced between partners
than betweenan-partners, explaining the differences seen between the two social contexts in
the less explorative birds when exposed to an intimidating situation. In that sense, the less
explorative jackdaws may be less stressbhdmwithout a partner, i.e. in the alone condition,
rather than when tested with a stressed partner.

Female jackdaws were generally less explorative than males. They were slower to approach
and to eat food and we less likely to remove the object than males. A similar result was
found in ravens with males being the first to approach novel objects withinfenadde

dyads. Also, when paired with another bird, male ravens followed their conspecifics
significantly nore often to approach novel objects and they manipulated the objects
significantly longer than females, suggesting that males may be keener to take risks. It has
been argued that males may be showing off when they are in the company of {&tiales

et al., 2008). Differences in explorative behavior within a pair may arise from a functional
role of each partner, espedyatiuring breeding season. Even if jackdaws display biparental
care(Roell, 1978) they display division of labour as part of their refurctive behavior. Only

females incubate the eggs and hatchlingoughout their first week while the males
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provision them with food throughout this tinf@/echsler, 1989)Males may therefore have
been sexually selected for being more exploratory in order to increase their foraging
efficiency. In line with this, studies on zebra finches réagahat the females choose their
mates depending on their ex@trry behavior. Females with intermediate and high
exploratory tendencies preferred exploratory males oveerploratory oneg¢Schuettet d.,

2011)

To conclude, the social context in which individuals encounter a novel object, influences the
explorative behavior ah degree of their neophobic response in jackdbwussthis effect
depends on their general tendency to expldtee results reveal that the affiliative bond
between birds may modulate/lessen their neophobic response and facilitate/promote
exploration of novel objects, especially in less exploratory and shy birds. This suggests that
not the mere presence of familiar conspecifics, but the proximity of individuals to which the
subjects maintain an affiliative and thus emotional bond may aawe®ng calming impact in
stressful situations.

According to our results, it is likely that the combination of stress and affiliation would bring
mates together since they are spending much time closer in a stressful conbdis@tudy is

one of the fist to investigate the emotional aspect linked to neophobia, and to our knowledge,
animals were only tested alone or in social context to assess their tendency to explore. The
preferential link between mates, especially between strong bonded birds tilerdeaapes is

very likely to provide answers on their emotional connectedaiedsghe way they represent

their partner

4) Limits of this thesis

One of the main limiting factors of this thesis is the lack of informations on social

organization of wild bird . Even if they have been studied
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socicecology are still scarce at the moment, especially on wild animal€ (ssen, 2017or

review). Experimental studies have been mainly conducted in artificial conditions on captive
birds with low samples, usually only on a fewiinduals like Alex and Griffin, the African

grey parrots Rsittacus erithacys used in I rene Pepperbergos
increased the interest for psittacids and her findings provided the first highlights on grey
parrotso i nt e lebsfully einvestggated Mang wariogsu sulgects like vocal
communication and label acquisitigRepperberg, 1982002 Pepperberg, 2009 for review)

but also selrecognition (Pepperberg et al., 199%nd objecipermanencgPepperberg &

Funk, 1990 Pepperberg et al., 1997puring few years, researchers of different teams also
focused on grey parrots abilities investigating many questions like vocal communication
(Giret et al., 2009b201Q 2011) numerosity(Al Ain, et al., 2009, the ability to wé for a
delayed gratificatiorfVick et al., 2010 Koepke et al.2015) inferential reasoningVikolasch

et al., 2011 Schloegl et al., 2012)r cooperationPéron et al., 204, 2013 2014)and the
understanding of human intentional actions anels¢Giret et al., 2008; Péron et al., 2010

Péron et al.,, 2011aMore recently, the creation afew colonies of aptive leasNestor
notabilis (Huber & Gajdon, 2006and Goffin cockatoo€acatua goffiniangAuersperg et al.,
2012)in Vienna permitted to increase the sample size of subjects used in experiments but also
to focus on new models of aviamelligence and promote productive scientific collaborations.
New questions were also investigated like tool(4sesrsperg et al., 201230cial information

(Huber et al., 2001)positive emotional contagiofSchwing et al., 2017)ooperation
(Schwing et al., 2016and could permit some pioneer comparative studies with corvids
abilities on complex problem solvi@uersperg et al., 2012015)or social play O6 Har a &
Auersperg, 2017)

Despite all these recent and fascinating findings, the knowledge about socioecblogy o

psittacids remains vagu&hey have not been studied for years partly because of their high
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mobility and their habitat, canopy for most of the species, which is difficult to access. Our
existing knowledge of parrot social structure comes from obsergatiosocial behaviors in
captivity in nonnatural settings, mainly on budgerigdfielopsittacus undulatysvhich are
popular pet birds since the end of thd" t@nturyMasure & Allee, 1934Brockway, 1964
Trillmich, 19764 Trillmich, 1976b) In the wild, main studies focused on the protection of
endangered species, monitoring the reprodecuccess of birdBerkunsky et al., 20140x

& Millam, 2014) or observing individually marked birqgberhard, 1998 Recent studies on
monk parakeetMyiopsitta monachudescribed some general association patterns commonly
observed in psttacid€uniper & Parr, 1998)highlighting the importance of pai as the
fundamental unit of parrot social structure and gave some valuable informations on fission
fusion and dominance dynami@dobson et al., 2014)nterestingly, some results on captive
spectacled parrotletSorpus conspicillatugWanker, 1999and budgerigar¢Stamps et al.,
1990)described that siblings fornery strong bonds early in their life, sometimes associated
with mating behaviors and later, form true gaonds usually with other opposite sex partners
when they become matured. This transition to siblings bond tebpatt is especially
interesting ananuch more observations are needed to draw a general conclusion about this
type of behavior in different psittacids species. More generally, more different species of
psittacids need to be tested, and observations from the wild are especially needést to bet
understand bonds formation between individuals.

One of the other limiting factors of this study is the small set of tools actually defined to
objectively quantify emotions and more particularly positive emotions in animals based on
behavioral measure¥he expression of emotion in human and-haman animals has been
already studied by CTheaexpresson &f she amotionsiinnrmarhand b o
animal® publ i shed for the first t i(Darevin, 1965) 1 8 7 3,

However, measuring emotions involves many technical and ethical constraints when taking
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physiological measure like heart rate, hormones level or body temperature. These measures
have to be easy to execute andbe-imvasive in order to prevent any biasstress increase

due to the manipulation of the animals. With the emergence of concerns about animal welfare
in farm animals, some studies tried to define how to quantify positive em@seasoissy et

al., 2007 for review)empathic respons¢Edgar et al., 20123nd welfarg Désiré et al., 2002)

in these particular settings like for example in pidgemelsfelder et al., 200Mendl et al.,

2010) dairy cows(Fregonesi & Leaver, 20Q0Sandem et al., 2006yoats(Briefer et al.,

201%), horseqLeiner & Fendt, 2011and chickengNicol et al., 2011) More recently, the
assessing of emotional states was expanded to other domestic animals ligeuthogset al.,

2014 Rehn et al., 2014Zupan et al.,2016)One of the aim of this thesis was also to
investigate emotions in birds and to define ways to assess these emotional states without using
body tenperature measuf#kkatai & Watanabe, 2015hormones levelgPalme, et al., 2005)

or heart rategWascher et al., 20082008b) which require costly instruments and could
influence behavioral responses of subjects. Consequently, we quantified the way birds are
puffing their feathers to reflect their emotional states. This behavior has been already
obseved in some descriptive studies, especially during agonistic interactions, and it is
commonly admitted that feathers position can reflect emotion arousal in(lbaclse, 1956

Roell, 1978 von Bayern, 2008put no method had been clearly defined to experimentally test

it. Crest positions revealed significant results in cockatiels (study 2), the birds erecting their
crest differently depending on the stimulus they heard. Nevertheless, it is still difficult to
distinguish attentional state from stress via feathers movement ckataEs since no
significant differences were observed between the reaction to white noise apdrtrear
distress calls. A more precise analysis of crest and feathers movements of cockatiels in
different contexts (in group and in isolation, during bagfonistic and positive interactions)

should be tested.
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5) Direction for future studies

1) Comparative studies between corvids and psittacids

Even if Afeathered apesoO are more studied
guestions about the emergce of their remarkable intelligence remain unanswered. In order

to better understand how intelligence evolved in psittacids and corvids, more comparative
studies are required. Indeed, these two families of bird possess all suppessglLisites for
intelligence, as observed in primates: they have a large relative forebrain size, live in complex
social groups and have a long developmental period before becoming (&rdts, 2006)
Despite these similarities drtheir now well demonstrated cognitive capacities, very few
studies compared birds of these two families on experimental (Askssperg et al., 2011
201506 Har a e tOfeolrse,conddd and psittacids are distantly related species, they
are not living in the same habitats, and have their own specificities concerning diet and social
life, but comparing their performances in similaska would definitely bring us some
valuable insights on the convergent evolution of their cognitive abilities.

| wanted to use the exact same paradigm to compare prosocial abilities in both jackdaws and
cockatiels to examine similarities and differencesviben these two species. Jackdaws were

not able to preferentially open the baited box over the empty one, contrary to what have been
previously found on a very similar experiment, with other jackd@ebwab et al., 2012Dn

the other hand, cockatiels were very shy with the experimental cage and could not be tested
properly. Birds clearly needed more time of habituation but it was stressful and much more
complicated than for jackdaws to train thedsirto go in the apparatus. Jackdaws could fly
directly to the experimental room, since the access to the experimental room was always made
possible and was contingent to their main aviary. Cockatiels on the contrary were housed in a
lab where their housingviary was separated from the experimental room by a long corridor.
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Consequently, birds were moved in a cage from one room to another, which was stressful
even if we spent time habituating them.

It would be patrticularly interesting to design a task wioohld test the prosocial abilities of

both parrots and corvids with the same paradigm. The token paradigm described in Chapter Il
is convenient and could be transferred from one species to the other, especially in species
habituated to manipulate objeetgh their beak. Cockatiels did not use their beak as much as
other parrots species do, and they were shyer with humans than African grey parrots. A task
could be designed in which birds only had to touch an object with their beak to receive the
approprias¢ r ewards and with no need to put the
Since the colony of cockatiels was created only a few months before thesHaodg
experiment, which was the first experience ever done with these birds, | thought itbgould

too much work to train birds for the PCT task. The aviary was also not very suitable to put a
table and to interact with cockatiels the same way we did with parrots. Now, since the birds

are in the laboratory for few years, we can probably try to iratieithem to this paradigm.

2) Defining the emotional link between mates

| am especially interested by the quality of the bond shared by mates in birds. The initial
project of this thesis was to compare cooperative abilities of familiar birds and mdses. | a
wanted to study if Theory Of Mind and Empathy would enhance such cooperative tendencies.
It is likely that longterm monogamy is maintained over time for other valuable reasons than
fitness and reproductive success. Indeed some birds are forming mmusgpair bonds for

life (Black, 2001)which could be costly, especially for males which could only reproduce
with one single partnefFreed, 1987) These monogamous birds are sometimes living their
entire life together like in biennials albatrosses that meet the same partner for their entire life

(Bried et al., 2003)spend time in proximity, shared many life experiences and affiliative
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behaviors. The #Agr i evi noggomate flesctibecby Koarads erenazvh o |
(Lorenz, 1966)or even theansolation provided by bystander after a fight observed in rooks

(Seed et al., 200 9nd ravengFraser & Bugnyar, 20H) can let us think that these preferred
associations can be mediated by affiliation and its emotional underpinning. To my knowledge,

no studies evaluated the emotional link between mates, and how this mutual particular
relationip could influence behavioral compatibility, reproductive success but also enhance
cooperation and prosociality.

| would also be especially interested to see the emergence of more studies investigating
Theory Of Mindlike abilities between sexual partnehsdeed, it is very likely that lorterm

sexual partners are selected to recognize an
to synchronize and cooperate more efficiently. The experiments involving desire state
attributions and food sharirig European jays are promisigOst oj i | ,2816)andit . , 20
would be thrilling to see the emergence of more experisniesting the link between mates

and its consequences in cooperation. Most of the cooperative actions involving PCT token
exchanges or loose string tasks involved familiar individuals but the degree of affiliation
between partners was not always assef3egh & Carter, 2009Horner et al., 2011)which

is a crucial information to predict success in a dyad.

6) Conclusion
Our results demonstrated the existence of prosociality in psittacids via both artificial
experimental task and more natural settings like f&lwaling. Neverthelessve cannot
conclude on the ability of individuals to ur
food reward. More tested individuals are needed to draw a general conclusion on prosociality
in an artificial task with these birds. Our cockatiel®bably shared food to create and
strengthen bonds but also for reciprocity and interchange. Sildivgedfood at the highest

rate and also exchanged many affiliative behaviors. Affiliation, which is maintained by
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natural selection, could be one of tin@in mechanism triggering prosociality. One thing we

know for sure while observing our results is that quality of the bond between individuals play

an important role. In our experience with the playback of distress calls, birds reacted more to

the calls ofpartners with which they shate strong affiliation and they could be siblings,
mates or Afriendso spending time in proxi mit
intimidating situations, jackdaws dispeythe same tendency and seshto prefeentially

spend time with their sexual partners. Tlast experimentdid not testprosociality or even
empathy buit gaveus some i nsights on birdsoé6 behavior
stressful situation with preferred or a nopreferredpartner Once again, the quality of the

bond seems to have an importance here. However, many studies still need to be done, and
many data in psittacids and corvids are required to better understand the complexity of social

life in these birds. Even if they shaasestrong bond with their sexual partners, other studies
demonstrated that birds usually share crucial bonds sifihings (Stamps et al., 1990

Wanker, 1999put also with other affiliates, of differeseéx(Boucherie et al., 2016WVe also

need to determine new methods to quantify emotions to better understand the implication of
empathy as a potential drivef prosociality. Upcomingcrosspeci es studies on

apeso f aocxial orgaaizatioms@nd cognitive abilities will give us for sure new insights

to better understand their world.
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