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Elsa Addessi1, Francesca De Petrillo2,1, Federica Rossi1, Serena Gastaldi1 

 
1. Unità di Primatologia Cognitiva e Centro Primati Istituto di Scienze e Tecnologie della Cognizione, 

CNR, Rome, Italy; 2. School of Psychology & Biosciences Institute, Newcastle University, UK 
 
Titolo: Do tufted capuchin monkeys (Sapajus spp.) experience regret when performing probabilistic 
choices?   
 
Riassunto: Regret and disappointment are emotions of central importance in human decision-making. 
Although previous research, carried out in constrained laboratory environments, indicate that also 
nonhuman animals may experience counterfactual emotions when making decisions, little is known 
about the emotional responses shown by nonhuman animals in less constrained conditions as a 
consequence of an individual’s decision, as well as on how these emotions influence subsequent 
choices. Here we assessed whether tufted capuchin monkeys (Sapajus spp.) showed behavioural 
responses compatible with regret-like emotions in a risky decision-making task and if these emotions 
affected their subsequent choices. Twelve capuchins were repeatedly offered a choice between a safe 
option (corresponding to four food units) and a risky option (corresponding to either one or seven food 
units) with different probabilities of receiving the larger payout. We measured scratching behaviour, as 
well as their attempts to change their choice, after the outcome of their choice and the outcome of the 
alternative unchosen option were revealed. We found that capuchins flexibly adjusted their choice 
according to the probability of receiving the larger payout and attempted to modify their initially chosen 
option more often after receiving an unfavourable rather than a positive outcome, and after seeing that 
the outcome of the unchosen option was better than the outcome of the chosen option. Moreover, 
males were more regretful than females and capuchins increased their preference for the risky options 
after showing both disappointment and regret. These results indicate that capuchins, as other species, 
show disappointment for receiving a bad outcome, and demonstrates, for the first time in relatively 
unconstrained subjects, the occurrence of regret for not having chosen differently. 
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Ancillotto Leonardo (1), Pafundi Donatella (2), Cappa Federico (3), Chaverri Gloriana (4), Gamba Marco 
(2), Cervo Rita (3), & Russo Danilo (1,6)  
 

1) Wildlife Research Unit, Dipartimento di Agraria, Università degli Studi di Napoli Federico II, Italy; 2) 
Dipartimento di Scienze della Vita e Biologia dei Sistemi, Università degli Studi di Torino, Torino, Italy; 3) 

Dipartimento di Biologia, Università degli Studi di Firenze, Italy; 4) Sede del Sur, Universidad de Costa 
Rica, Costa Rica; 5) Smithsonian Tropical Research Institute, República de Panamá; 6) School of 

Biological Sciences, University of Bristol, UK 
 
Titolo: Bats mimic hymenopteran sounds to deter predators 
 
Riassunto: Mimicry is one of the most fascinating phenomena in nature. Mimicry traits often reflect 
complex, finely tuned, and sometimes extravagant relationships among species and have evolved to 
deceive predators or prey. Indeed, mimicry has most often evolved to discourage predation: the ‘mimic’ 
exhibits phenotypic convergence towards a non-related ‘model’ organism which is inedible or harmful, 
so that a given predator, or ‘receiver’, will refrain from attacking or ingesting the mimic. Traditionally, 
mimicry is mainly evident and has been mainly studied in the visual domain. Here, we report 
experiments that document the first case of interspecific acoustic mimicry in a mammal and 
demonstrate that the distress calls the greater mouse-eared bat (Myotis myotis) broadcasts when 
handled imitate sounds of stinging bees or wasps to discourage the bat’s avian predators. We first 
compared the structure of buzzing calls broadcast by the bats in distressful contexts with the buzzes 
emitted by four species of hymenopterans and found that relatively high resemblance appears only 
when the perceptual capabilities of potential predators (owls) were taken into account. We then 
performed playback experiments in captivity to test owl’s behavioural responses to the buzzes of 
hymenopterans and bats using both naïf and experienced owls. Owls showed similarly adverse reactions 
to both buzzes types, but such responses were strongly affected by individual experience, being milder 
in naïve predators as expected in a genuine Batesian system. Taken together, these results represent 
one of the few examples of mimicry systems validated by assessing receivers’ response to mimic and 
model signals, providing exciting insights into the interspecific interactions that drive the evolution of 
animal communication.  
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Luigi Baciadonna1, Francesca Terranova1, Camilla Godi1, Cristina Pilenga2, Livio Favaro1 
 
1. Department of Life Sciences and Systems Biology, University of Turin, Turin, Italy; 2. Zoomarine Italia, 

Torvaianica-Pomezia, Rome, Italy 
 
Titolo: Individual visual recognition in African penguins (Spheniscus demersus) 
 
Riassunto: Individual recognition is an essential building block for many social animals, from insect to 
birds. Individual recognition, in these taxa, is implicated in a wide range of social behaviors, such as 
territoriality, dominance hierarchies and mating. These social systems require some degree of individual 
recognition. African penguins are nesting seabirds with complex and stable social interactions that 
should require some degree of individual recognition. However, contrary to non-nesting penguins, 
where precise individual recognition is achieved purely by an efficient vocal coding mechanism, in 
nesting species acoustic cues to individuality are weaker. This has driven the emergency of complex 
modality-independent (audio-visual) representations of individuals that aid precise recognition of 
conspecifics. However, to what extent visual cues alone play a role in individual recognition is to date 
not known. African penguins have a distinctive and unique pattern of black spots on their chests that 
appears at the age of three to five months and does not change throughout their entire lives. We tested 
whether this unique phenotypic characteristic provides a salient visual cue for penguins to visually 
discriminate between a partner and a familiar non-partner colony mate. Using a spontaneous 
preference paradigm and a series of five control tests, we provide solid evidence that African penguins 
use distant visual cues for individual discrimination and that the dot configuration is necessary to 
discriminate colony-mates with different degree of familiarly. Showing advanced cognitive capabilities is 
valuable to raise awareness about African penguins’ conservation status. 
 
 

___________________________________________________ 
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Samuel Bagnato* (1), Luca Pedruzzi* (1), Jacopo Goracci (2), Elisabetta Palagi (1) 
 
1. Department of Biology, University of Pisa, Pisa (Italy); 2. Tenuta di Paganico Soc. Agr. S.p.A., Paganico, 

Grosseto (Italy); *First authorship shared 
 
Titolo: THE SOCIAL LIFE OF A COW: HIERARCHY, PLAY AND AFFILIATION IN A BREED OF BEEF CATTLE 
(Bos taurus) 
 
Riassunto: Dominance hierarchy is necessary to maintain stability within social groups and shape their 
internal dynamics. Specifically, hierarchical ranks can influence how group members play and how they 
affiliate with each other. Social play and affiliation are involved in the formation and maintenance of 
social bonds, and play can further physically train juveniles for behaviours used later in life. These 
aspects have been poorly studied in domestic ungulates. Thus, we decided to analyse the social 
behaviour of Maremma cattle hold in an extensive breeding system. We carried out the observations in 
the Tenuta di Paganico, an agro-sylvo pastoral farm in Tuscany. We collected videos from January 2021 
to June 2021 on a herd of 44 calves, males and females (5-20 months old). We found a linear but 
relatively flat dominance hierarchy within the studied herd. Such relaxed dominance hierarchy may be 
explained by the low feeding competition since herbivores rely on widely abundant resources. The 
oldest animals of the group occupied the highest-ranking positions and were those individuals mostly 
engaged in social play. They also received the highest levels of affiliative behaviours (e.g., allo-licking, 
rubbing) that may be used by subordinates to maintain good relationships with dominants. Social play 
and affiliation are two social domains strongly interconnected. Affiliative sessions (n = 318) were 
significantly shorter when opening or closing a playful session, while social play sessions (n = 95) were 
longer when punctuated by affiliative behaviours. In this view, affiliation can work in fine-tuning play 
fighting and communicate non-serious good intentions. Finally, play sessions were longer when i) they 
involved subjects scoring distant values in the hierarchy and ii) they were characterized by a low level of 
reciprocation. Such competitive playful modality suggests that social play can have a role in training 
calves for real intraspecific fights that will occur later in life. Quantifying dominance hierarchy in calves 
allows understanding the complexity of social relationships that are already present during juvenility in 
extensively ranging cows. In conclusion, affiliative behaviours are important for cohesion across ranking 
orders, whereas social play can be an optimal tool to gain dominance in adulthood. 
 
 

___________________________________________________ 
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Francesca Bandoli1, Sara Soldati2, Veronica Maglieri2, Elisabetta Palagi2 
 

1. Pistoia Zoological Gardens, Via Pieve a Celle, 160/A, 51100 Pistoia, Italy; 2. Unit of Ethology, 
Department of Biology, University of Pisa, 56126 Pisa, Italy 

 
Titolo: SHAKE IT OFF: RELEASING ANXIETY IN A COOPERATIVE CARNIVORE SPECIES (SURICATA 
SURICATTA) 
 
Riassunto: Self-directed behaviours (SDBs) are considered short-term indicators of a distress emotional 
state (e.g., anxiety) in various mammal species. They usually increase in response of a perturbing event 
(e.g., inter-specific aggression and food competition) and serve to restore the homeostasis of the 
organism. Our study aimed to assess, for the first time, the occurrence and potential functions of SDBs 
as proxy of anxiety in slender-tailed meerkats (Suricata suricatta), a mammal species with high levels of 
social cohesion, cooperation, and prosocial behaviour. We expected an increase of SDBs after agonistic 
events (Prediction 1, P1) and in relation to feeding times (Prediction 2, P2), as previously reported in 
other species. To test these hypotheses, we video-recorded a group of S. suricatta (nine adult males, 
three adult females, and three immature individuals) housed at the Pistoia Zoo. We followed the 
subjects twice a week (April-June 2016; 08:30 am – 06:30 pm; 150 h) and recorded SDBs (i.e., scratching 
and body shaking) using the all occurrences sampling method. To test P1, we applied the post-conflict 
and matched-control method (PC/MC). To test P2, we analysed SDBs performed before, during and after 
feeding events, and in control observations (15-min observation/condition). We used Generalized Linear 
Mixed Models to verify which variables influenced the occurrence of SDBs. We found that SDBs were 
performed more frequently after an agonistic event (P1 supported) and by individuals occupying higher 
hierarchical positions. The victims shook their body more than the aggressors and mainly in the first 
minute after the conflict. As for feeding events, we found that adults engaged more in agonistic 
interactions than immatures subjects and the frequency of aggressions was lower in the post-feeding 
condition. We detected a decrease of body shaking in the post-feeding condition, while no significant 
variation was found for scratching (P2 not supported). Our study demonstrated that SDBs are good 
indicators of anxiety in slender-tailed meerkats when overt contests take place and highlighted that 
feeding events do not elicit agonistic nor stress-related responses probably due to the extremely 
cooperative style of the species.  
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Paolo Baragli1,2, Martina Felici1, Veronica Maglieri3, Antonio Lanatà4, Adam Reddon5 
 

1 Department of Veterinary Sciences, University of Pisa, Pisa, Italy; 2 Research Center E. Piaggio, 
University of Pisa, Pisa, Italy; 3 Department of Biology, Unit of Ethology, University of Pisa, Pisa, Italy; 4 
Department of Information Engineering, University of Florence, Florence, Italy; 5 School of Biological 

and Environmental Sciences, Liverpool John Moores University, Liverpool, UK 
 
Titolo: The use of the right eye to look an object increases entropy of the heart rate variability in horses 
 
Riassunto: The physiological correlates of visual laterality remain unclear. A novel object test (an 
inflated balloon that appeared suddenly) was administered to 15 horses. The number of bouts and the 
amount of time the horse looked at the balloon with left or right eye were measured through video 
analysis. A laterality index (LI) was then calculated for both frequency (LIf), mean (LImd) and percentage 
duration (LId%) and horses were then classified as left or right lateralized. From the collection of 
electrocardiogram traces the Sample Entropy (SE) was calculated as measure of non-linear heart rate 
variability. The SE provides a measure of complexity and irregularity of the heart signals: the higher the 
entropy values, the more complex and irregular is the signal, with the latter condition usually associated 
with a healthy, non-stressed physiological system. The results revealed a significant difference in the 
amount of SE between the horses lateralized of the left and those on the right, for LIf (p=0.014), LId% 
(p=0.007) and LImd (p=0.014). The SE increased when a horse looked at the balloon more often and for 
longer with the right eye (left hemisphere). 
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Greta Baratti 1, Gionata Stancher 2, Tommaso Pecchia 1, Valeria Anna Sovrano 2 
 

1. Center for Mind/Brain Sciences, University of Trento, Rovereto, Italy; 2, Rovereto Civic Museum 
Foundation, Rovereto, Italy 

 
Titolo: Uncovering spatial learning skills of non-nomadic tortoises: Use of environmental geometry and 
landmark for reorientation 
 
Riassunto: The Hermann tortoise (Testudo hermanni) is a non-nomadic reptile whose behavioural and 
cognitive phenotype is still unknown. These animals hibernate for more than 6 months/year, are 
sensitive to climate changes, and little prone to move substantially. However, they have sight and smell 
developed well, exhibit lateralised behaviours, and good homing capacities in the wild. Evidence on 
spatial cognition is lacking and limited to ethological observations in natural contexts. In order to start 
filling the gap, the present study explored the use of environmental geometry alone or in conjunction 
with a conspicuous landmark for spatial reorientation, in semi-controlled conditions. This study covers 
three years of data acquisition at the natural site Sperimentarea (Civic Museum Foundation of Rovereto, 
Trento, Italy), during which time adult male tortoises were trained within a rectangular opaque arena 
and required to use the distinctive geometry only (Experiment 1) or together with a conspicuous 
landmark (a blue wall; Experiment 2 and 3). The arena had one door at each corner, through which the 
tortoise could access an outer feeder box, for being rewarded in the case of correct choices. If the 
tortoises used (1) the distinctive geometry, we would expect boundary mapping, i.e., choices towards 
the two symmetric corners with a short/long wall on the left/right; (2) the distinctive geometry in 
conjunction with the landmark, we would expect significantly higher choices towards one exact target 
location, i.e., the corner with a short/long blue wall on the left/right. Results showed that the tortoises 
learned to use the distinctive geometry of the arena and to integrate it with the featural cue provided 
by the blue wall, while varying its proximity in relation to the correct corner. In doing so, they displayed 
a wall-following strategy of motion at the population level, whereas left/right preferential directions at 
the individual level. This study highlights geometric reorientation capacities in the Hermann tortoise, 
despite non-nomadic habits, giving validity to a novel methodological approach to test learning 
behaviour in these undiscovered animals, and laying the foundation for delving into exploratory 
patterns to build long-term spatial knowledge. 
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Marco Dadda




Padova, Orto Botanico    39° Convegno S.I.E.      12-14 Settembre 2022 

11 
 

Laura Beani1, Federico Cappa1, Marco Zaccaroni1, Romano Dallai2, David Mercati2, Fabio Manfredini3, 
Cristina Lorenzi4 
 

1. Dipartimento di Biologia, Università di Firenze; 2. Dipartimento di Scienze della vita, Università di 
Siena, Siena; 3. School of Biological Sciences, University of Aberdeen, Aberdeen, United Kingdom; 4. 

LEEC, Laboratoire d’Éthologie Expérimentale et Comparée, Université Sorbonne Paris Nord, 
Villetaneuse, France 

 
Titolo: A parasite which extends the lifespan of the host: a case of parasite manipulation? 
 
Riassunto: Polistes dominula females are castrated by the strepsipteran parasite Xenos vesparum, avoid 
all colony tasks, cluster on vegetation where the dispersal of triungulins, the infective stage, and 
parasite mating occurs, then they may over-winter and infect the next generation of wasp larvae. In 
paper wasps, female lifespan depends on caste and colony tasks: the worker – emerging in spring - 
usually lives a few weeks while the gyne - future queen emerging in late summer - almost one year. 
Here, we compared the survival rate of infected and uninfected wasp workers. Workers’ survival was 
significantly affected by parasite sex: two-third of the workers parasitized by a X. vesparum female 
survived and over-wintered like gynes did, while all the workers infected by a X. vesparum male died 
during the summer, like the uninfected workers that we used as controls. Infected workers able to 
hibernate had larger fat bodies than infected workers that died in the summer. We hypothesize that the 
manipulation of worker’s longevity operated by X. vesparum enhances parasite’s fitness: if workers 
infected by a female overwinter, they could spread infective parasite larvae in the spring like parasitized 
gynes do, thus contributing to parasite transmission. Workers may act as summer and spring reservoirs 
of triungulins. In the scenario of the long coevolution history between X. vesparum and P. dominula, the 
parasite affects a wide range of host traits, from behavior to physiology and lifespan: at any level of 
analysis, parasitized wasps are the extended phenotype of the castrator parasite. 
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Luca Bernardini 1, Chiara Meloni 1, Maria Elena Miletto Petrazzini 2, Sara Castellazzi 3, Simone Parodi 3, 
Caterina Spiezio 3, Barbara Regaiolli 3 
 

1. University of Turin, Turin, Italy; 2. University of Padua, Padua, Italy; 3. Parco Natura Viva – Garda 
Zoological Park, Bussolengo (VR), Italy 

 
Titolo: Meerkats’ paw preference during visual stimuli  
 
Riassunto: Environmental enrichments are recognized as an effective method to improve zoo animal 
welfare. A recent study showed the effectiveness of a motion illusion, the Rotating Snake (RS) illusion, as 
a visual enrichment to improve lionesses’ welfare. Here, we investigated the effect of the same illusion 
on the behaviour of meerkats (Suricata suricatta) at Parco Natura Viva. To this aim, meerkats were 
presented with three visual stimuli placed either on vertical or horizontal panels: the RS illusion that 
elicits a sense of movement, a control stimulus (C1) similar to RS, but where the motion signal is lost and 
a control stimulus (C2) with a pattern less complex than RS and C1. The behaviour of the animals was 
observed in two periods: the Baseline in which no stimuli were provided and the Stimulus Period in 
which the stimuli were presented. We collected data on both the number of interactions and the time 
spent interacting with both the panels and the stimuli. We also compared the frequency of right and left 
paw use before and during the stimuli presentation. Results showed that stimulus position (vertical vs. 
horizontal) did not affect the meerkats’ behaviour. Meerkats interacted more with the wooden panels 
than with the triplets of stimuli but were particularly attracted by C2, suggesting a possible sensitivity of 
meerkats to the fractal dimension of the visual stimuli. A slight left paw preference was observed in all 
activities (locomotion, food manipulation, environmental interaction) but postural control in which a 
right bias was found thus supporting the Postural Origin Theory.  
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Alessia Bertelli1, Massimiliano Di Giovanni2,  Elena Tricarico1, Giovanni Quintavalle Pastorino3  
 

1. Dipartimento di Biologia, Università di Firenze; 2. Fondazione Bioparco di Roma, 3. Manchester 
Metropolitan University & Plymouth University, UK 

 
Titolo: Territorial, stereotypical and social behaviors of Panthera tigris at the Bioparco of Rome 
 
Riassunto: The main aim of the work was to evaluate the welfare of three individuals held at the 
zoological garden of Rome, a female and a male of Panthera tigris sumatrae sharing a common exhibit, 
and a white hybrid male inhabiting the adjoining exhibit. Behavioural observations by Focal Animal 
Sampling were conducted between 24 November and 22 December 2021 (five 1-hour sessions per day 
for a total of 1500 minutes of videorecording). Time budget and territorial, stereotypical, and social 
behaviors were analyzed to assess whether the proximity of the two exhibits was stressful for the study 
animals, in particular for the hybrid male. The time budget of the three individuals showed a high 
percentage of resting, with the hybrid male displaying more stereotypical behaviours especially during 
the days of starving. Overall, the three individuals did not differ for territorial and stereotypical 
behaviours, even if an increase of these behaviours was recorded at the partition of the two exhibits, 
confirming the influence of this proximity. The female of P. t. sumatrae showed a higher level of 
sociality, while the male tended to avoid her. In conclusion, the overall welfare level of the three 
individuals was good, even if shielding the partition and changing the eating regime could improve more 
their conditions. 
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M. Maddalena Brambilla1, Silvia Paterlini1, Chiara Petrolini2, Stefania Fieni2, Tullio Ghi1,2, Serafina 
Perrone1,2, Francesco Pisani1,2, Annalisa Pelosi1, Anna Maria Papini3, Francesca Nuti3, Feliciana Real 
Fernandez3, Laura Filonzi4, Davide Ponzi1, Dolores Rollo1, Francesco Nonnis Marzano4, Maria E. 
Street1,2, Paola Palanza1,  
 
1. Department of Medicine and Surgery, University of Parma, Parma, Italy; 2. AOUPR, Mother and Infant 

Health Department, Parma, Italy; 3. Department of Chemistry ‘Ugo Schiff’, University of Florence, 
Florence, Italy; 4. MoD&LS Laboratory and Interdepartmental Research Unit of Peptide and Protein 

Chemistry and Biology, Department of Chemistry Ugo Schiff, University of Florence, Italy 
 
Titolo: Infant neurobehavioral developmental effects of chemicals exposure via breastmilk: the Life-
MILCH Project 
 
Riassunto: Endocrine Disrupting Chemicals (EDCs) are made-man environmental chemicals present in 
everyday environment and food (e.g., phthalates, bisphenol A, Heavy metals, Glyphosate, Dioxin) that 
can disrupt the programming of endocrine signalling pathways during development, resulting in adverse 
effects that may not be apparent until much later in life. Maternal exposure to EDCs during pregnancy 
and lactation results in fetal and neonatal exposure via utero and breastmilk. The presence of single and 
mixture of EDCs compounds in breast milk and links the exposure to EDCs (in utero or by breastfeeding) 
to a variety of health and reproductive outcomes leading to impairment of reproductive, 
neurobehavioral, metabolic, and immunologic functions. Specifically, neonatal EDCs exposure appears 
to have a negative impact on the infant’s cognitive, language, motor, socio-emotional and behavioral 
development. The Life MILCH Project is a longitudinal pilot study that aims to determine the association 
between mothers’ life and nutritional habits, Endocrine Disrupting Chemicals (EDCs) levels in breastmilk 
or formula and infants’ growth and neurobehavioral development in the first year of life. 250 pregnant 
women in the third trimester of gestation with no gestational/fetal pathologies were enrolled at Parma 
Hospital and recalled at at 1, 3, 6 and 12 months after delivery. Pre- and post-natal infant exposure to 
EDCs  was assessed through questionnaires about maternal lifestyle and nutritional habits and biological 
samples (maternal and infant urine, plasma, breastmilk or formula). Infants’ growth, perceptive, 
socioemotional, behavioral and global development were assessed at 1, 3, 6 and 12 months of age 
respectively by Visual Preference Paradigm, Face-to-Face-Still-Face, Fagan test, Barrier Task and the 
Bayley III Scale (at 6 and 12 months of age). Since perceptive, socioemotional, cognitive, behavioral and 
global developmental areas are susceptible to EDCs exposure, this ongoing study may provide early 
biomarkers of effects in infant neurobehavioral outcomes depending on EDCs exposures. A risk 
assessment model for EDCs exposure will be developed considering how maternal lifestyle and 
nutritional habits may affect the EDCs levels in breast milk and their potentially consequences on 
infant’s neurobehavioral health. 
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M. Maddalena Brambilla1, Silvia Paterlini1, Chiara Petrolini2, Serafina Perrone1,2, Francesco Pisani1,2, 
Annalisa Pelosi1, Davide Ponzi1, Dolores Rollo1, Paola Palanza1,  
 
1. Department of Medicine and Surgery, University of Parma, Parma, Italy; 2. AOUPR, Mother and Infant 

Health Department, 43121 Parma, Italy 
 
Titolo: Behavioral and neural effects of developmental exposure to environmental endocrine disruptors 
in children 
 
Riassunto: Endocrine Disrupting Chemicals (EDCs) are made-man environmental chemicals present in 
everyday environment and food (e.g., phthalates, bisphenol A, Heavy metals, Glyphosate, Dioxin) that 
can disrupt the programming of endocrine signalling pathways during development, resulting in adverse 
effects that may not be apparent until much later in life. Maternal exposure to EDCs during pregnancy 
and lactation results in fetal and neonatal exposure via utero and breastmilk. The presence of single and 
mixture of EDCs compounds in breast milk and links the exposure to EDCs (in utero or by breastfeeding) 
to a variety of health and reproductive outcomes leading to impairment of reproductive, 
neurobehavioral, metabolic, and immunologic functions. Specifically, neonatal EDCs exposure appears 
to have a negative impact on the infant’s cognitive, language, motor, socio-emotional and behavioral 
development. The Life MILCH Project is a longitudinal pilot study that aims to determine the association 
between mothers’ life and nutritional habits, Endocrine Disrupting Chemicals (EDCs) levels in breastmilk 
or formula and infants’ growth and neurobehavioral development in the first year of life. 250 pregnant 
women in the third trimester of gestation with no gestational/fetal pathologies were enrolled at Parma 
Hospital and recalled at at 1, 3, 6 and 12 months after delivery. Pre- and post-natal infant exposure to 
EDCs  was assessed through questionnaires about maternal lifestyle and nutritional habits and biological 
samples (maternal and infant urine, plasma, breastmilk or formula). Infants’ growth, perceptive, 
socioemotional, behavioral and global development were assessed at 1, 3, 6 and 12 months of age 
respectively by Visual Preference Paradigm, Face-to-Face-Still-Face, Fagan test, Barrier Task and the 
Bayley III Scale (at 6 and 12 months of age). Since perceptive, socioemotional, cognitive, behavioral and 
global developmental areas are susceptible to EDCs exposure, this ongoing study may provide early 
biomarkers of effects in infant neurobehavioral outcomes depending on EDCs exposures. A risk 
assessment model for EDCs exposure will be developed considering how maternal lifestyle and 
nutritional habits may affect the EDCs levels in breast milk and their potentially consequences on 
infant’s neurobehavioral health. 
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M.C. Breedveld, A. Devigili, O. Borgheresi, C. Gasparini 
 

Department of Biology, University of Padova, Italy 
 
Titolo: Heatwaves negatively affect multiple reproductive traits: a case study in the guppy. 
 
Riassunto: Heatwaves are occurring at an increasing frequency and intensity under ongoing climate 
change. With many reproductive traits – including gametes and mating behaviour – being sensitive even 
to small temperature changes, the impact of heatwaves on reproduction and sexual selection is likely to 
be vast. Nonetheless, our knowledge of the effects of heatwaves on these key aspects of an animal’s life 
is still limited. Here, we expose recently mated male and female guppies (Poecilia reticulata) to an 
experimental heatwave to determine the effects on sexual behaviour, condition, ornamentation, and 
fertility. Our results show that heatwaves have drastic and sex-specific effects on key reproductive traits 
(and thus sexual selection) and longevity, even in a resilient species like the guppy. The negative 
implications unravelled by our study highlight the importance of estimating the effects of heatwaves on 
reproduction, to predict how populations will cope with these increasingly common extreme events 
and, ultimately, to foresee the drivers of the effects of climate change on biodiversity. 
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Titolo: COOPERATION PROMOTES SOCIAL AFFILIATION AMONG BOTTLENOSE DOLPHINS (Tursiops 
truncatus) 
 
Riassunto: Cooperation, i.e., the ability of two or more individuals to work together to solve a task, is a 
common practice in the animal kingdom. Numerous studies have shown that cooperation is facilitated 
by the strength of social bonds. However, no studies have evaluated how spontaneous cooperation to 
access a resource affects social bonds. In this study, we used a cooperative environmental enrichment 
tool based on a rope-pulling task to stimulate the dolphins’ cooperation to access a resource. Then we 
evaluated whether their social bonds changed after the cooperation. We conducted the experiment on 
ten different pairs of dolphins under human care, providing cooperative enrichment to five of them (the 
testing group) and using the other five as controls (the control group). Our findings demonstrate that in 
the testing group, three pairs of dolphins increased their social bond, and one did so but not in a 
significant way after cooperating. Conversably, no pair in the control group increased their social bond. 
As a result, cooperation appears to be important in the strengthening of social bonds among dolphins. 
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Titolo: Study of shark swimming behaviour: can it contribute to the development of management 
strategies? 
 
Riassunto: Elasmobranchs often constitute the bycatch of several fishing gears. According to the 
commercial value of the species and size of individuals, they can be landed or discarded. However, 
release does not guarantee the survival of the individuals, because capture-induced stress and physical 
damages can have lethal consequences even several days after capture. Thus, studying if and how 
animals recover after capture can highly contribute to implement regulatory practices that allow 
adequate management strategy such as the release. During the Italian monitoring programs of the 
European Marine Strategy Framework Directive (MSFD, 2008/56/EC), juveniles of commercial 
elasmobranch species have been transported to the laboratory facilities and kept for 72 hours with the 
aim to evaluate the long-term survival. In order to simulate the release, water temperature and 
photoperiod have been regulated with the environmental seasonal conditions. By focusing on the 
swimming behaviour of the smooth-hound sharks Mustelus mustelus and M. punctulatus, fished with 
bottom otter trawls and gillnets in the northern Adriatic Sea (Mediterranean Sea), the present work 
aims to (i) contribute to delineate a protocol for the maintenance of these species in captivity for post-
release studies; (ii) evaluate if individuals differ in the swimming behaviour depending on sex and type 
of fishing gear. For each specimen three videos have been daily recorded (1 hour after sunrise, at 
midday and 1 hour before the sunset) for the following 72 hours. Four different swimming behaviours 
have been analysed: swimming in the water column, swimming on the surface, absence of swimming, 
and changes in the swimming direction. Preliminary results showed that (i) water changes, necessary to 
avoid the accumulation of dangerous levels of ammonia and nitrite, do not influence the swimming 
behaviours of sharks; (ii) animals caught with different fishing gears differed in swimming activity, as 
possible indication of a different impact of the two gears; (iii) in some cases, males and females show 
certain degree of variability in their swimming behaviours. This study indicates that animals can have 
different reactions to capture which need to be investigated in order to better study the long-term 
consequences of post-catch release. 
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Titolo: Neuronal bases of efficient coding of multipoint correlations in rat visual cortex  
 
Riassunto: Efficient processing of sensory data requires adapting the neuronal encoding strategy to the 
statistics of natural stimuli. One area where this concept has been applied is the perceptual saliency of 
textures: multiple works have shown that humans are most sensitive to textures containing multipoint 
correlations that vary the most across natural images. The neuronal mechanisms underlying such 
adaptation are not understood but investigating them in depth requires invasive experiments that are 
impossible in humans. We have shown that rats can be trained to discriminate between binary textures 
containing unstructured random noise and textures defined by single- to four-point correlations among 
nearby pixels. We observed a decrease in sensitivity from 2- to 4-point correlations and a further 
decrease from 4- to 3-point, fully reproducing results obtained on humans. Building on this result, we 
started performing extracellular recordings of neural activity from primary visual cortex (V1) and 
extrastriate areas of anaesthetized rats passively viewing textures containing multi-point correlations or 
unstructured noise. We found that, in V1, the highest fraction of selective units (p-value<0.05, ANOVA) 
was tuned for 1-point correlations, followed by 2-,4- and 3-point. In extrastriate cortex, we found the 
largest fraction of units to be selective for 1-point, followed by 4-, 2- and 3-point correlations. Finally, we 
confirmed a difference in neural representations of texture statistics between striate and extrastriate 
cortex with a population decoding analysis. These results provide an early indication of the relative 
contribution to this process by distinct visual cortical areas. 
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Titolo: The physiological and behavioural legacy of a past range expansion in an amphibian 
 
Riassunto: We investigated whether the biogeographic history of populations, a major driver of eco-
evolutionary processes, could influence spatial patterns in multiple phenotypic traits. We hypothesized 
that, if individual variation in physiology and behaviour reflects variation in the capacity to cope with the 
new demographic and/or environmental conditions encountered during a range expansion, a spatial 
structure in these traits might emerge along the range of a historically expanded population. This 
question was addressed in the Tyrrhenian tree frog, Hyla sarda, which underwent a range expansion 
from northern Sardinia (source) up to Corsica (newly founded) during the Late Pleistocene, and then the 
two populations became geographically isolated, thus preventing gene flow between the two islands. 
We sampled in two geographic areas per island along the expansion route, controlling for altitude, local 
habitat effects, demographic factors and bioclimatic differences between geographic areas and across 
time epochs. Then, we studied the spatial differentiation of markers of oxidative stress, telomere length 
variation, two personality traits, and two performance traits likely involved in the dispersal process, 
jumping acceleration at take-off and stickiness. Physiological traits were studied in a common garden 
experiment at a one-year interval. We found that, at the beginning of the experiment, Sardinian and 
Corsican frogs had similar concentrations of all oxidative status markers analysed but one year later 
Corsican frogs had higher oxidative stress than Sardinian frogs. Telomeres were stable over time within 
the historically stable populations (Sardinia), but showed a remarkable elongation (31.2%) within 
populations arisen during the recent range expansion (Corsica). As for behaviour, individuals from 
Corsica were overall more prudent (longer latency to exit from a shelter) and less active in a novel 
environment, and also displayed a stronger take-off and adhesion force compared to individuals from 
Sardinia. These results suggest that population differentiation in multiple traits associations including 
personality and performance might be an overlooked legacy of past biogeographic processes, opening 
intriguing evolutionary scenarios on the genetic and phenotypic architecture of animal populations. 
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Titolo: Analysis of spatial use and behaviour of captive leopards (Panthera pardus): a case of study 
 
Riassunto: Correlating animal behaviours in the enclosure space is fundamental to improving enclosure 
design and determining management actions for increasing captive animal welfare. The aim of this study 
is to report the behaviours in the enclosure space of three captive leopards. The enclosure map was 
divided into 2x2 meters squares with a total of 54 cells. A focal scan animal sampling method was used 
to collect leopard behaviours performed in specific map cells every 10 minutes for 8 daily hours. A total 
of 736 scans (150 hours) were carried out which corresponded to animal behavioural locations in the 
enclosure area. The frequency percentage of behaviours was reported on chromatic maps which 
referred on a coloured scale from white, 0 observations, to blue, more than 100 observations. First, 22 
species-specific leopard behaviours were recorded and grouped into 5 behavioural categories (resting, 
locomotion, social interaction, exploring and self-caring). Most behaviours were performed in all 
enclosure area showing that animals use homogeneously space. Locomotion-related behaviours were 
recorded only on two sides of the enclosure, showing a probable relationship between animals’ activity 
and keeper presence. Additionally, leopards spent most of the time in resting-related behaviours which 
were located on the top of the enclosure indoor. Thus, the study showed the absence of abnormal 
behaviours and the animal optimal use of the enclosure area. In conclusion, this study has highlighted 
the importance to integrate behavioural data in the enclosure spatial distribution in order to better 
monitor animal behaviour and optimize the species-specific enclosure design. 
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Titolo: The two sides of a coin: the role of behavioural and numerical dominance in shaping ant 
community structure in urban environments 
 
Riassunto: Competition is a key process in structuring ant assemblages and it is often defined as the 
hallmark of ant ecology. Under the effect of competition, ant communities can shape into interspecific 
dominance hierarchies that are often dynamic, since the position of the species within depends on 
abiotic factors such as temperature or habitat structure, or biotic ones such as resource type or 
parasitism. In ant ecology and in the context of competition, dominance is not a simple concept as it has 
several interpretations, being defined variously as behavioural, numerical or ecological. The aim of this 
research was the study of the role of behavioural and numerical dominances in shaping the ant 
communities in urban environments, where the type of management of green areas can play a crucial 
role in preserving biodiversity and supporting a sustainable development of the city. In this research, we 
used the green areas of the city of Parma as study model. We compared the community structure of 
two different green areas managements that potentially support different habitat structures and affect 
competition among ant species. For each species, abundance and occurrence were assessed using pitfall 
traps, whereas baits were used to study behavioural dominance. Results outlined differences between 
the ant communities and, although T. immigrans was the most abundant and frequent species in both 
kinds of green areas, its abundance and occurrence differed significantly between them. Moreover, T. 
immigrans discovered and monopolized the majority of baits, but aggression played a minor role among 
all observed interactions suggesting that its competitive success was achieved through its numerical 
dominance rather than the behavioural one. In conclusion, our results suggested that behavioural and 
numerical dominances need to be integrated for the study of ant community structure and that this 
type of analyses is a promising method to study how human impact can affect urban biodiversity.   
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Titolo: Seabird foraging behaviour changes on the week-end according to scheduled fishery activity in 
the Adriatic Sea 
 
Riassunto: Human activity may significantly affect animal abundance, distribution and behaviour. In 
several regions of the world, human productive activities generally show a marked difference in 
intensity between week-days and week-end. For instance, fishing activity, which is known to affect 
seabird behaviour, may show lower intensity on the week-end. To assess whether such fishing schedule 
affects seabird activity, we analyzed daily foraging behaviour of three seabird species breeding in the 
Adriatic sea, an over-exploited Mediterranean region where trawlers activity is interdicted during week-
end. We relied on GPS-data from two seagull species, the Mediterranean gull (Ichthyaetus 
melanocephalus) and the yellow-legged gull (Larus michahellis), which can forage both on land and at 
sea, and from the pelagic Scopoli’s shearwater (Calonectris diomedea). All birds were GPS-tagged during 
the breeding period. The daily proportion of GPS positions at-sea over all recorded positions was 
significantly lower on week-end compared to week-days in both seagull species. Location at sea were 
such rare on the week-end as to suggest a possible transfer of information at the colony on the current 
distribution of food resources. Moreover, we found individual differences in the reaction to the week-
end effect. On top of this, we found that the probability of foraging at sea for gulls was higher when rain 
was absent or light and wave motion was slight. As for seagulls, also the pelagic Scopoli’s shearwater 
changed foraging behaviour on week-end, showing a significant lower proportion of those behaviours 
which are known for other tubenose species to be related to foraging in association with fishing vessels 
(sinuous movements and floating) and a higher proportion of relocation movements compared to week-
days. Overall, our results highlight the marked behavioural plasticity of seabird species and stress the 
complexity of relationship between seabirds and commercial fishing activity. 
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Titolo: Untangle the relationship between energy state and risk preferences: an experimental study in 
two colonies of tufted capuchin monkeys (Sapajus spp.) 
 
Riassunto: According to economic models, rational decision makers should be indifferent when facing a 
choice between a safe option and a risky option leading on average to the same payoff. However, plenty 
of research has shown that human and non-human animals deviate from rational choices when dealing 
with decisions under risk. The Risk-Sensitive Theory proposes that animals’ risk preferences can shift 
according to changes of an individual’s energy budget. In particular, in a positive energy state, 
individuals should prefer a constant option, whereas in a negative energy state they should prefer a 
variable, risky option. Here, we aimed to test the role of energy budget on decision making under risk by 
presenting 22 captive capuchins belonging to two colonies (ISTC: N=12, GSU: N=10) with a risky decision-
making task in two conditions: (i) Low-energy state and (ii) High-energy state. Capuchins were presented 
with a series of choices between a constant option (safe option, four food items) and a variable option 
(risky option, one or seven food items with a 50% probability). In the Low-energy state condition 
capuchins were tested before receiving their main meal, whereas in the High-energy state condition 
they were tested after receiving a high-caloric meal. In both colonies, we did not find a significant 
difference between conditions, suggesting that the energy budget did not affect risk preferences. 
However, we found differences between colonies in general response to risky choices: GSU capuchins 
were more risk prone after selecting a safe option or a risky option with a one-item outcome, while ISTC 
capuchins were more risk prone after selecting a risky option regardless of its outcome. Furthermore, in 
the ISTC colony, males were more risk-prone in both conditions, but females were marginally more risk 
prone in the Low-energy than in the High-energy state condition. We will discuss our result in the 
framework of the Risk Sensitivity Theory, focusing on how individual characteristics and management 
conditions may have impacted our study and its significance for research on decision-making across 
laboratories.  
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Titolo: Automated detection of behaviours used to assess temperament in rhesus macaques  
 
Riassunto: Assessing temperament through individual differences in response to novelty, can be of 
value in captive NHP management. The temperament test involves separating a monkey from the group 
and exposing it to a sequence of food and objects, starting with a familiar food followed by novel food 
and a set of two novel objects. The most used method to analyse this test is through focal observation 
and manual behavioural coding, in which the animal is observed for a defined time and behaviours of 
interest, including displacement, freezing and vigilance are recorded. This data collection method 
requires trained personnel and is time-consuming to implement well. Here we explored whether 
computer vision approaches could be used to automate data collection in the temperament test. All 
tests were recorded by two cameras, one on the front of the cage and one on the side. Three different 
models based on deep learning were trained on the videos to collect behavioural variables relevant for 
assessing temperament: (1) a Tracking Model that identified the monkey’s position in the cage, (2) an 
Interaction Model that counted the number of times the monkey interacted with the novelty during 
each condition, and (3) an Object Detection Model that identified the different foods and objects in the 
frame. We used these models to investigate ethe effect of Covid-19 on macaques’ response to novel 
stimuli. A recent study in vervet monkeys showed that increased habituation to humans increased 
novelty exploration. The macaques at the Centre for Macaques are habituated to humans’ presence 
regularly but during the initial stages of Covid-19 the number of staff was reduced as was the amount of 
interaction with the animals. Using our models, we were able to analyse 73 individual temperament 
tests between 2019 and 2021. We found a significant decrease in movement between 2019 and 
2020/2021 and a significant reduction in the number of approaches to novelty between 2019 and 2020. 
These changes of behaviour are known to be indicator of anxiety in monkeys. Our results are 
comparable with the one obtained by human observers and show how our methodology is reliable and 
time saving. 
 
 

___________________________________________________ 
 

  

Marco Dadda




Padova, Orto Botanico    39° Convegno S.I.E.      12-14 Settembre 2022 

26 
 

Alessandro Cini1, Needhi Thangasamy2, Leonardo Dapporto2, Seirian Sumner3 
 

1 Dipartimento di Biologia, Università di Pisa, Italy; 2 Dipartimento di Biologia, Università di Firenze, 
Italy; 3 Center for Biodiversity and Environmental Research, Department of Genetics, Evolution and 

Environment, University College London, United Kingdom 
 
Titolo: 50 years of selfish herd: insights from tropical social wasps 
 
Riassunto: Understanding why group living is so widespread despite some obvious disadvantages, such 
as a greater visibility to predators, a greater competition for resources and a facilitated spread of 
pathogens and parasites, represents a cornerstone of animal behavioural studies. The selfish herd 
hypothesis, proposed by Hamilton in 1971, has stood out among the various theories that attempt to 
explain the evolution of social living by its emphasis on individual interest rather than on the benefits of 
selection among relatives. This hypothesis postulates that groups are formed because individuals, by 
staying within a group where they basically put other conspecifics between themselves and predators, 
reduce their risk of predation and/or parasitism. This hypothesis thus predicts a differential fitness 
based on the position within the group (with the central positions more advantageous than those at the 
margins), as well as the existence of frequent movements of individuals within the group in order to 
exploit the different advantages offered by different positions. While the selfish group effect has been 
extensively studied in many vertebrate taxa and especially in groups of mobile animals (e.g. flock of 
birds), far less effort has been put into the investigation of the selfish herd hypothesis in insects and, 
especially so, in large nesting aggregations of social insects (the so called frozen selfish herds). Here we 
first review the use of the selfish herd concept in the insect scientific literature from its first use in 1971 
to the present and, secondly, we assessed whether this hypothesis could explain the presence of 
extensive colonial clusters in Stenogastrinae, a group of tropical social wasps where large nesting 
aggregations are common. The presentation will highlight the main biases and knowledge gaps on the 
selfish group effect in insects and will discuss the experimental evidence supporting the selfish herd as 
an explanation for cluster nesting in this independent evolutionary origin of eusociality. 
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Titolo: Sows show non-random responses to piglets in distress: lactation and aggressive levels matter. 
 
Riassunto: Domestic pigs (Sus scrofa) are characterised by high socio-cognitive complexity and sows can 
show high inter-individual variability in maternal behaviour. Piglet vocalisations are considered an 
honest form of signalling and these vocalisations can lead sows to respond in situations of danger to the 
litter. The aim of our study was to investigate how females raised in semi-free-ranging conditions would 
respond to the distress of either their own or other females' piglets. At the ethical farm Parva Domus 
(Turin), we carried out experimental trials and recorded the behaviour of 6 lactating and 4 non-lactating 
females. We collected data on aggression and affiliative behaviour to assess the relationship between 
sows. During the trials (n=56) an experimenter withdrew one piglet from a litter (following a rotation 
plan) and kept it for at least 10s from the first screaming sequence. The behaviour of the females under 
experimental and control settings was observed before, during, and after the trial. We classified the 
sows' responses based on whether they did not move at all (no response) or whether they moved with 
(proactive) or without (reactive) approaching the piglet in distress. We found that lactating females 
reacted more than non-lactating females regardless of whether they were the mother of the distressed 
piglet. In addition, we observed higher response frequencies in sows that showed lower levels of 
aggression. According to the results of this study, the response of sows to the vocalisations of piglets 
was not random and was also influenced by some aspects of the social relations between females. 
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Titolo: Effect of ambient temperature on nest abandoning behaviour of a Mediterranean raptor 
 
Riassunto: In order to maximize their fitness, individuals have evolved to match the requirements of 
predictable environmental variation in their habitats. An increment in the frequency and intensity of 
unpredictable extreme weather events associated with climate change (e.g. heatwaves) can have major 
impacts on bird reproduction, especially during early development, when offspring from non-nidifugous 
species are constrained to the conditions of the nest. Nestlings can face these temperature increases in 
two ways: physiologically (by using energy to dissipate heat) or behaviorally (the so-called Bogert 
effect). Thus, a common response is the abandonment of the nest in search of a microhabitat with 
reduced temperature. However, by doing so, individuals perceive an increase risk of mortality due to 
predation or starvation if not able to return to the nest. We performed a temperature manipulation 
experiment to investigate the effect of nest temperature on Lesser Kestrel Falco naumanni nestling nest 
abandoning behaviour. At hatching, we randomly assigned one of two nearby nestboxes placed on 
rooftops to one of two treatments: shaded, to reduce direct sunlight, and unmanipulated (control). 
Maximum temperatures inside the nestboxes were warmer than air temperature, but more so in the 
control ones (shaded: +3.9 ± 1.6 °C; control: +8.1 ± 2.3 °C). Using camera traps, we recorded nestling 
behaviour during several consecutives days, and calculated the probability of abandoning the nest. Our 
results demonstrate that the experimental treatment had a strong impact on the individuals’ nest 
abandoning behaviour, where nestlings from warmer nests were more likely to abandon the nest (18.4 ± 
38.8 %) than nestlings from shaded ones (8.6 ± 28.1 %). Thus, projected future increases of temperature 
during the breeding period in the Mediterranean basin may pose an additional threat to individuals 
during the early stages of development. 
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Titolo: Carry-over effects of extra-food provisioning on migratory behaviour and microbiome 
composition in the lesser kestrel (Falco naumanni) 
 
Riassunto: In altricial species, parental energetic effort during reproduction is considerable as it involves 
providing food to offspring, besides self-provisioning. Ecological conditions during reproduction can thus 
considerably affect parental and offspring fitness, both directly and via carry-over effects. We aimed at 
investigating the carry-over effects of extra-food provisioning on migratory behaviour and microbiome 
composition in the lesser kestrel (Falco naumanni), a small migratory raptor that mainly feeds on 
invertebrates, lizards, and mice and that spend the non-breeding period in a broad area of the Sahel 
(10°E-15°W). We explored effects of extra-food on timing of migration and non-breeding spatial 
distribution (as assessed by light-level geolocators), and on gut microbiome composition in the 
subsequent breeding season. Furthermore, we evaluated the association between non-breeding spatial 
distribution and microbiome, under the assumption that spatial variation in food resources across the 
Sahel may be reflected in microbiome composition. Overall, we expected extra-food to advance timing 
of subsequent events in the life stage, including arrival date in the following year. Extra-food (laboratory 
mice) was provided to breeding pairs during reproduction, while control pairs were not fed. Extra-food 
increased recapture rates, did not affect subsequent migratory behaviour, but induced a shift in the 
microbiome α-diversity. In addition, the cloacal bacterial communities of food-supplemented birds 
formed a distinct group from those of controls. There was no statistical association between non-
breeding distribution and microbiome, neither in control birds nor considering all individuals. These 
findings indicate a surprisingly long-lasting (one year) effect of a dietary manipulation (shifting from 
invertebrate-based to vertebrate-based diet) on the gut microbiome, which led to a convergence in the 
microbiome composition of food-supplemented birds to that of a closely-related species with a 
vertebrate-based diet, the common kestrel (Falco tinnunculus). Hence, ecological conditions during 
breeding, besides affecting return rates from migration, may have carry-over effects on microbiome 
composition but not on migratory behaviour. Whether shifts in microbiome composition induced by a 
change in diet were causally related with higher return rates remains to be elucidated, but these results 
points to a strong association between fitness and microbiome composition, with potential effects on 
population dynamics. 
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Titolo: Having no (other) clue: bees can directly discriminate sucrose solution from water at a distance 
 
Riassunto: Bees have gained absolute prominence as a model species in the study of complex cognitive 
abilities. Training paradigms often use a drop of sucrose solution as a reward to be associated with the 
learned stimulus, and a drop of water, or other distasteful solution in association with the alternative 
stimulus.  Bees, however, have a very different sensorium from us, and as such these drops may appear 
to them as profoundly different: because of their different reflectance spectrum, their surface tension, 
or other aspects their appearance. To test this hypothesis, we presented bumblebees with two drops, 
one of 1.6M sucrose solution and the other one of water, placed on a single artificial flower. We 
recorded which drop the bees touched first, as well as if the animal inspected both drops before making 
a choice. The bees rapidly learned to discriminate between the two solutions, choosing the sucrose drop 
70% of the time after inspecting both. In a second condition, we removed the surface tension 
information by placing the solutions in cotton-plugged centrifuge tubes. The bees were able to 
discriminate, choosing sucrose 66% of the time. To investigate whether the performance drop was 
caused by the absence of surface tension cue, or by the lower visibility of the reward, we added a third 
condition: two cotton filters soaked with the two solutions were placed on top of toothpicks. The 
performance rose back to 71% choices for the sucrose drop. Overall, the bumblebees seemed capable of 
discriminating sucrose solution from water using only vision. Regardless of the mechanism employed, 
this finding may have great implications for the use of these reward types during learning experiments, 
and may require a re-evaluation of many studies on cognition and decision-making in bees. 
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Titolo: Behavioural effects of biopesticides on a Polistes paper wasp 
 
Riassunto: Biopesticides are often considered an eco-friendly alternative to their synthetic counterparts. 
However, in recent years, it has been documented that these substances can affect the behaviour of 
non-target and beneficial insects, including common pollinators like honeybees and bumblebees. Other 
social Hymenoptera, such as paper wasps, have sadly received less attention despite their ecological 
relevance and the impact of biopesticides on these species has hardly been assessed. Here, we 
investigate the potential adverse effects of the entomopathogenic fungus Beauveria bassiana on the 
behaviour of the paper wasp Polistes dominula, both at the individual and social levels. To do so, we 
exposed foundresses, workers and larvae with topical exposure using a fungal solution at the field 
recommended concentration (10^8 spores/ml). Firstly, we focused on the effects on survival, observing 
an increased mortality rate both in treated foundresses and workers over controls, although no 
significant alterations in locomotor activity and feeding behaviour were reported. Secondly, we 
recorded a significant reduction in the oviposition rate for exposed foundresses, suggesting that the 
fungal biopesticide could impair the wasp's reproductive ability.  Lastly, we investigated the effects of 
exposure on adult-brood and nest-mate recognition by testing the wasps’ ability to discriminate 
between exposed and unexposed larvae and adults. While there was no evident impairment of adult 
nest-mate recognition abilities, we observed a selective removal of exposed larvae by adults. This is 
likely due to a change in the cuticular profile of treated larvae with respect to controls. Chemical 
extracts from exposed and unexposed larvae and adults have been collected for the GC-MS analyses. 
Our results show how biopesticides can affect non-target insects which provide key ecosystem services, 
undermining both individual behaviour and colony integrity. Given the importance of complex 
behaviours and social interactions for the individual and colony survival, these subtle alterations, often 
neglected in risk assessment, should be carefully considered when testing these allegedly safe products. 
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Titolo: Deliberate multimodal communication as evidence of meta-representational thinking in non-
human animals. 
 
Riassunto: The reason why there is still a strong debate as to whether non-human animals can engage in 
meta-cognition or theory of mind activities lies in the dependence of these tasks on language, a feature 
that animals would lack as they have at their disposal only communication methods. However, a 
phenomenon supported by different case studies seems to show evidence of meta-representational 
abilities even in the absence of language: the multimodal shift. A multimodal shift consists of a 
momentary change from one communication channel to another, upon reaching a certain threshold of 
disturbance in the former. In short, as the uncertainty increases that a given message traveling on a 
specific sensory channel will or will not reach the recipient, so does the possibility that the sender will 
choose an alternative sensory channel to lower it. This behavior has been observed in several animals 
and especially in two cases: the first concerns the adaptation of individuals in rapidly changing 
environments such as in cases of urbanization or climate change, the second relates to the possibility of 
exploiting the emission of different signals on different communication channels by prey to distract and 
confuse a predator. What I intend to argue is that in both the first and second cases, the transition from 
one modality of communication to another occurs because the sender can represent the 
representations about the surrounding environment of either the conspecific or the predator to 
facilitate or complicate the process of selective attention. For such behavior to be evidence of meta-
representational thinking, however, it must exhibit two characteristics: that of being practiced in a 
deliberate way, and that occurring in the presence of other individuals. Only in these cases and not in 
others is it possible to endorse what has been stated above. Focusing therefore on the recent 
discoveries concerning multimodal communication, I claim that it is possible to re-interpret the 
conclusions on the metacognitive and theory of mind abilities of non-human animals obtained in the 
past, going to delineate a new theoretical framework able to open new research perspectives on animal 
cognition. 
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Titolo: Diurnal behaviour of Greater Flamingo (Phoenicopterus roseus) on Samos Island, Greece 
 
Riassunto: Because of their colours, elegance and widespread distribution around the World, the 
Greater Flamingo has become a flagship species beloved by the public and researchers. Many 
behavioural studies concentrated their efforts on better understanding the intricate complex of 
behaviours that those social, nomadic birds perform in the natural and controlled environment. 
However, most behavioural aspects are still poorly known. From the end of October until the end of 
January 2020, 27 hours have been spent recording flamingos’ daily activity patterns in the Aliki 
saltmarsh of Samos Island (Greece). The area is not a known breeding site, but courtship displays and 
copulation events were observed during winter months. Visual observations have been analyzed 
employing the Software Boris. Differences among seasons, daily cycle and group size have been 
investigated, together with the relationship between different behaviours and some environmental 
parameters. A comfort behaviour, resting (57%) resulted the most performed behaviour, followed by 
feeding (25%) and preening (11%). Some comfort behaviours peaked during winter and in the morning 
and showed strong correlations between the variables. Differences have been found among the feeding 
mechanisms observed during different seasons and with the various environmental parameters. The 
results of this study slightly differ from the previous ones for the daily activity patterns, but not for some 
correlation with the environmental variables. Further investigation should be carried out at night to 
investigate the 24-hours daily activity pattern and the prey availability in the saltmarsh. 
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Titolo: A study on numerical auditory imprinting and cross-modal matching in domestic chicks 
 
Riassunto: Numerical cognition has been widely studied in chicks, but  most studies focused on the 
visual modality. However, animals’ experience of the world is not limited to a single sensory modality 
and we know that chicks can some cross-modal integration tasks. In this study, we investigate whether 
naïve domestic chicks (Gallus gallus domesticus) can match numerical information across different 
sensory modalities. The animals were imprinted, in the dark, on an auditory sequence composed of  
different notes repeated two times or six times. At test each animal had to choose between a stimulus 
showing a series of images representing a set of six red dots on a white disk and another stimulus 
representing a set of two red dots. Within each stimulus, the different images showed dots of different 
size and in different spatial configurations. In this experiment, continuous variables correlated with 
numerosity. The stimuli were presented on two monitors on the opposite sides of a longitudinal 
corridor. We measured the first stimulus approach, time spent close to each stimulus and we calculated 
a preference score for the familiar stimulus (i.e., the set of dots composed by the same numerosity of 
the imprinting auditory sequence). Contrary to our initial hypothesis, at test both groups of chicks 
significantly preferred to approach the larger set of dots regardless of the imprinting condition, probably 
indicating a preference for the stimuli showing the larger amount of red (a known phenomenon in 
chicks). We hypothesise that this preference might have masked any effect of cross-modal transfer of 
acoustical imprinting information.  We are thus running a second experiment in which continuous 
variables (e.g., radius, perimeter, convex hull, total area, density) are balanced between the visual 
stimuli. We are also manipulating the modality of presentation of the visual numerical stimulus 
(simultaneous presentation of all the elements of the set vs. sequential presentation). We hypothesise 
that by these manipulations we might allow cross-modal transfer of numerical information to emerge.  
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Titolo: Investigation of lethal and sublethal effects of two synthetic pesticides on honey bees 
 
Riassunto: While the ecological risks associated with the use of synthetic pesticides are well known, the 
use of such substances in agriculture still represents one of the most common practices for protecting 
crops from pests. Their intense use is considered a major factor driving the recent decline of pollinating 
insects worldwide, a phenomenon that is bound to have drastic environmental and economic 
consequences on the stability and biodiversity of ecosystems and, paradoxically, agricultural 
productivity. As a result, in order to reduce the environmental impact and harmful effects on non-target 
animals, there has recently been increased interest in the development of more sustainable methods 
based on new synthetic and non-synthetic products (biopesticides). Unfortunately, while it is crucial that 
the safety of these new substances are properly evaluated, the guidelines adopted in the risk 
assessment of synthetic preparations are often inadequate. In particular, sub-lethal effects associated 
with pesticide exposure are rarely considered in risk assessment protocols. For instance, possible 
alterations in the normal functioning of the cognitive system of beneficial arthropods such as pollinators  
could have a serious impact on their survival and fitness. In this study, we evaluated the effects of two 
pesticides (the fungicide Sakura and the herbicide Elegant 2df), tested at field realistic doses in single 
and in combination, on the health and behaviour of the honey bee Apis mellifera. We first tested acute 
toxicity in caged topicated bees and showed that these chemicals additively compromised bee survival. 
In a second set of experiments, we used a conditioning protocol of the proboscis extension response 
(PER) to assess the consequence of topical exposure to these chemicals for appetitive olfactory learning 
and memory in forager bees. The results of this study, which is still ongoing, will clarify whether those 
chemicals have any detrimental effects on learning abilities, which are crucial for the success of this 
social pollinator. 
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Titolo: Behavioural assessment of affective pain experience in bumblebees 
 
Riassunto: Animals respond to stimuli that can cause tissue damage through nociceptive reflexes. These 
innate responses allow animals to protect themselves from harmful and potentially lethal situations. In 
humans the nociceptive component is accompanied by an experiential and emotional component (pain) 
consisting of the psychic states associated with the perception of an unpleasant sensation. Therefore, 
the experience of pain allows one to learn what adverse conditions are and avoid them in the future. 
Proving the existence of pain in animals incapable of verbal report is difficult, but evidence for its 
existence in vertebrates, especially mammals, are compelling. Whether invertebrates may have the 
experiential component of pain remains debated, but recent studies suggest that octopuses and 
crustaceans may experience it. In this study we assessed the existence of pain in insects using Bombus 
terrestris as a model species. To this end, we used a well-established assay for demonstrating the 
affective component of pain in mammals and octopuses, which consists of a Pavlovian conditioning 
protocol in which the animal had to associate the pain induced by injection of an acetic acid solution to 
visual stimuli. The experiment consisted of several preference and conditioned phases where bees were 
either injected in a leg with saline solution (PBS) (controls, n=23) or 5% acetic acid (experimental, n=23) 
and confined to a chamber (either with polka dot walls or with black stripes). In this phase, if tonic pain 
occurs, the experimental bees will associate this affective component with the visual stimuli on the 
chamber, which therefore become aversive. Three hours after conditioning, a final 10-minute 
preference test was performed to measure the time spent by each bumblebee in each one of the two 
chambers). The results showed that the bumblebees injected with acetic acid did not avoid the room 
where they received the acetic acid injection. Furthermore, no grooming or particular attention paid to 
the wounded leg were observed. While further experiments are required to be conclusive, our results 
do not support the existence of the affective component of pain in bees.  
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Titolo: Building and reinforcing social relationships: play and grooming as complementary strategies in 
chimpanzees 
 
Riassunto: Play and grooming are two fundamental activities throughout chimpanzee life. Both are 
functional in building, assessing, and fine-tuning social relationships within social groups. We studied the 
variation of play and grooming across different years in three groups (N1_2012=24; N1_2013=25; 
N2_2012=46; N4_2012=13; N4_2013=11; Ntotal=84) of chimpanzees hosted at the Chimfunshi Wildlife 
Orphanage (Zambia, Africa). Thanks to the large sample size, it was possible to analyze play and 
grooming variation according to the exact ages of the subjects without introducing any biases due to the 
conventional age categorization. We found that play generally fluctuates across the different ages, with 
a peak in time spent playing during the very early years of life, an abrupt decrease during the early 
phases of maturity, and a new increase during full adulthood, albeit not comparable with the juvenile 
phase. The duration of play sessions reflects the same trend. Conversely, time spent in grooming follows 
a specular fluctuation compared to that of play: it is rare in early life, it peaks in early maturity, and 
grows along with the adult period. When analyzing the data at a dyadic level, social play seems to be 
fostered by the presence of juvenile subjects and particularly when the session involves two males. 
These results are in agreement with the Motor Training Hypothesis predicting that play seems to have a 
role in improving physical and social skills of individuals. The grooming frequency seems to be favored 
by the presence of an adult in the dyad. An interesting result resides in the different levels of grooming 
and play across the three groups, with both activities being underrepresented in the group 
characterized by the highest level of tolerance (quantified on the basis of trials to assess prosociality in 
these same groups, doi:10.1126/sciadv.abc7982). While kinship seems to have no effect in determining 
the frequency of dyadic play, it seems to be determinant in shaping grooming. As a whole, our findings 
indicate that the ways to stay together change across life and between social groups and that the 
strategies enacted to live together need to be complementary in timing and in the choice of partners.  
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Titolo: The quest for the aesthetic value of courtship displays 
 
Riassunto: Despite the widespread occurrence of elaborate courtship displays in a large number of taxa, 
we still do not understand the relative function of all their components and whether their configuration 
has itself a function. Multimodal displays that combine signals sent through different sensory channels 
are the norm rather than the exception, and birds are among the champions of elaborate displays. 
Research on sexual selection processes has often focused on specific, single traits, with a few attempts 
of understanding the integrated value of the whole courtship. In this talk, I will present our studies of 
two avian species, the ring dove and the golden-collared manakin, which have been successful models 
for the study of elaborate courtship. The ring dove is a domesticated species with a relatively simple 
courtship that can be studied and manipulated in controlled laboratory conditions, whereas manakins 
have some of the most spectacular courtship displays including acrobatics and mechanical sounds. I will 
illustrate how novel advanced video and audio recording technology and subsequent computer-assisted 
analysis of behaviour have revealed hidden aspects of these displays and advanced our understanding of 
elaborate courtship. 
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Titolo: Deconstructing the flight paths of hippocampal-lesioned homing pigeons as they navigate near 
home offers insight into spatial perception and memory without a hippocampus 
 
Riassunto: The aim of this study was to exploit detailed analyses of GPS-recorded tracks to better 
characterise the impact of hippocampal (HF) lesion on spatial memory and perception in the context of 
homing pigeon navigation when reliant on familiar landscape features near the home loft following 
repeated releases from the same three locations. As reported previously, following HF lesion, a low 
spatio-temporal resolution analysis revealed that homing pigeons fly less direct paths home once near 
the loft. We now further show that 1) HF-lesioned pigeons are less likely to display fidelity to a particular 
flight path home when released from the same locations multiple times, 2) intact pigeons are more 
likely to exploit leading-line landscape features, e.g., a road or the border of a woodlot, in developing 
flight-path fidelity and 3) even when flying a straight path HF-lesioned homing pigeons are more likely to 
display relatively rapid, oscillatory heading changes as if casting about for sensory, presumably visual 
information. The flight behaviour differences between the intact and HF-lesioned pigeons persisted 
across the four releases from the three locations, although the differences became smaller with 
increasing experience. Taken together, the GPS-track data offer a detailed characterization of the effects 
of HF lesion on landscape-based, homing pigeon navigation, offering new insight into the role of the 
hippocampal formation in supporting memory-related, e.g., fidelity to a familiar route home, and 
perhaps perceptual-related, e.g., oscillating headings, navigational processes. 
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Titolo: Yawning and communication in drills  (Mandrillus leucophaeus)  
 
Riassunto: Spontaneous yawning is a multifunctional behaviour widespread in vertebrates. Despite the 
increasing attention devoted to primates to explore both proximate and ultimate causes of yawning, 
many species have been completely neglected in the study of the phenomenon. Although the drill 
(Mandrillus leucophaeus) represents a good model to test hypotheses on the role of facial expressions 
(e.g., male red mark on the chin, bony paranasal swellings, long canines) in regulating social behaviour, 
there are few data on visual communication in this species. We collected data on the drill colony (7 
males, 5 females, August-October 2020) hosted at the Dvůr Králové Zoo (Czech Republic). We identified 
two different yawn variants: covered teeth (YC) and uncovered teeth (YUN). Via MaqFACS we 
quantitatively demonstrated the difference of these two variants in terms of the recruitment of 
muscular Action Units. We verified the effect of several variables on the probability of emitting a YC or 
YUN (e.g., yawner’s age, yawn duration, context), but only sex had a significant effect, with males 
performing more YUN than females thus supporting the Sexual Dimorphism Hypothesis. Some authors 
suggest that the drill social structure is similar to that observed in mandrills (Mandrillus sphinx), in which 
small groups can join periodically to form supergroups that are made up by unfamiliar subjects. In this 
view, it could be reasonable to hypothesize that honest signals unveiling intrinsic features (e.g., exposing 
canines) may have been favoured by natural selection in drills for regulating male intra-sexual 
competitive interactions occurring during such encounters. We also tested the State Changing 
Hypothesis predicting that yawning has a role in communicating ongoing behavioural transitions to 
group members. By applying a rigid protocol, we found that yawns peak in coincidence with the 
behavioural shifting enacted by the subjects and that perceiving others’ yawns can evoke mirror 
responses in the observer. These findings suggest that yawning can be associated to a motivational state 
changing of the subject and that such variation is perceived by the observer through yawn contagion. It 
remains to be demonstrated if yawn contagion helps in anticipating others’ behaviour thus leading to 
motor and activity synchronisation. 
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Titolo: Rhythmic categories in Indri indri 
 
Riassunto: One of the most striking features of human musical displays is the presence of rhythmic 
categories corresponding to small integer ratios (e.g. 1:1, 1:2). Until relatively recent years, no 
investigations have focused on this aspect in animals, although it is a highly informative feature in the 
search for the evolutionary origins of human musicality. Our study focused on one of the most articulate 
vocal displays we can find in animals, primate songs. We combined comparative and statistical 
approaches to understand whether small integer ratios appear in species showing collective singing. We 
first focused on the most frequency-modulated portion of the song (e.g., descending phrases). 
Considering the intervals between consecutive units, we extracted interval ratios and found that indris 
showed the 1:1 (isochrony, where an interval is followed by another having the same length) and 1:2 
rhythm categories (where an interval is followed by another twice its length). When extending the 
analysis to the long notes (emitted at the beginning of the song), we also found a significant peak in the 
probability density function at 2:1. Lastly, we investigated the occurrence of these categories at an 
individual level and found three different patterns. A first pattern, occurring in 56% of the individuals, 
showed the presence of three peaks mentioned above. In 26% of the indris, the peak at 1:2 was missing, 
while 18% did not show the peak at around 1:1. Concluding, our results show that rhythmic categories 
are not unique to humans but they occur with individual differences within a population of singing 
primates.  
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Titolo: Pitch-luminance crossmodal association in the domestic chick 
 
Riassunto: To successfully interact with the environment, animals must integrate in a single 
representation all the sensory inputs coming from a same source/object, while keeping separate inputs 
from other sources/objects. But how does the brain know which information is to be kept apart and 
which can be integrated in a single representation? One possible mechanism involved in this process 
may be that of cross-modal associations. This consists of a spontaneous tendency to integrate two 
polarized sensory information, so that an extreme value in a dimension is associated to an extreme 
value in another dimension (e.g., high pitch associated to high luminance, and vice-versa). There are 
several examples of crossmodal associations in different sensory dimensions, not only in adult humans, 
but also in preverbal infants, suggestive of some predispositions. Moreover, there is also evidence of 
this mechanism in non-human animals, particularly in mammals (e.g., chimpanzees, rhesus monkeys, 
and dogs). A recent study provided a first evidence of space-luminance crossmodal association in a bird 
species. Three-day-old domestic chicks match the left hemispace with low luminance, and the right 
hemispace with high luminance, similar to what reported for adult humans. This supports the idea of a 
very early origin of crossmodal associations, possibly shared by mammals and birds. In this study we 
explored another type of crossmodal association, i.e., pitch-luminance, in domestic chicks. Both adult 
humans and chimpanzees associate high pitch and low pitch sounds with high and low luminosity, 
respectively. However, we failed to replicate this result in chicks, as they did not show any preferential 
association between these two dimensions. To better understand our result, we compared the 
performance from two different free-choice tests (chicks could circumnavigate either a white or a black 
panel, while hearing high or low pitched-sounds) and from a reversal-learning task (creating a 
supervised association between the two dimensions, to assess possible predispositions), to tackle both 
spontaneous and learned processes. In spite of the absence of a consistent association, our results allow 
to discuss the relevance of different methodologies to assess different aspects of this perceptual 
phenomenon, and the role of the ecological relevance of the stimuli employed. 
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Titolo: Environmental enrichment determines developmental plasticity of behaviour and cognition in 
zebrafish larvae 
 
Riassunto: For several traits, evolution has favoured genotypes with the ability to produce different 
phenotypes when exposed to different environments during the development. This phenotypic plasticity 
is particularly well-known for behavioural and cognitive traits, and in humans might be cause of 
developmental brain disorders. To model plasticity in the laboratory, researchers have often adopted 
treatments based on exposure to abiotic environmental factors called enrichments. We exploited the 
same strategy to investigate developmental plasticity of behaviour and cognition in the early life stages 
of the zebrafish, Danio rerio. We raised newly-hatched zebrafish in either presence (enriched treatment) 
or absence (non-enriched treatment) of objects with different shapes and colours. We then assayed the 
subjects with a battery of tests. Results indicated that individual zebrafish exposed to the enriched 
environment demonstrated marked behavioural and cognitive developmental plasticity. These fish were 
bolder and less anxious, more willing to explore both visual and olfactory novel stimuli compared to fish 
of the non-enriched treatment. When presented with two different stimuli, zebrafish from the enriched 
environment were more likely to detect the difference, although not in all the discriminations 
administered. Moreover, zebrafish exposed to the enriched environment also developed greater 
habituation learning abilities. By altering the length and the timing of the treatment, we found that the 
observed plasticity was triggered early during development: a 3-days enrichment treatment 
administered right after hatching was sufficient to determine the phenotypic changes later in life. As a 
first attempt to investigate the mechanisms of behavioural and cognitive plasticity, we generated a 
CRISPR/Cas9 knockout mutant lacking of the gene expressing BDNF, a protein involved in neuronal 
development in humans. The zebrafish mutant line exposed to the enrichment treatment did not 
demonstrate the developmental response observed in the wild-type zebrafish, suggesting a role of BDNF 
in the phenotypic plasticity. Our work demonstrated a remarkable developmental effect of 
environmental enrichment on zebrafish behaviour and cognition, suggesting that this model might 
provide a useful tool to investigate plasticity.  
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Titolo: MOVING VS STILL PREY: DO COMMON WALL LIZARDS SHOW A PREFERENCE? 
 
Riassunto: There are many factors affecting predatory behaviour, which could be generally summarised 
as predator, environment, and prey characteristics. As for the latter, mobility plays a very important role 
in determining the so-called prey accessibility: a moving animal is more visible to predators, giving them 
the chance to engage in their predatory activity from a farther distance, rather than with an immobile or 
unanimated prey. Previous studies with several species of reptiles and amphibians revealed that some 
predators show a bias in responding to specific patterns of prey movement, velocity and orientation, 
and this has connections with the way their retinal neurons are organized. In addition, different species 
show different preferences and abilities to attack moving rather than immobile prey, or fast rather than 
slow prey. In the majority of the studies on this topic, however, a clear preference for moving prey has 
been identified. Here, we tested whether the common wall lizard (Podarcis muralis), a vision-oriented 
lacertid lizard, prefers moving Tenebrio molitor worms to immobile ones, using two different 
experimental approaches: (i) wire method, where we recorded the first choice of the test subjects 
between a single moving or still worm, hung separately on a wall; (ii) box method, where each subject 
could move to and interact with two small, closed boxes full of moving or still worms, kept at opposite 
sides of the arena, for 20 minutes. Our results showed that, overall, lizards preferentially choose the 
moving prey in comparison to the still one. This outcome was confirmed in both the experiments. The 
wire method revealed a significant within individual repeatability for prey preference (lizards were 
consistent in choosing one type of prey), but not for lateralization (the side in which preys were 
located). 
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Titolo: Sexual signaling in simultaneous hermaphrodites: do they signal they are females, males or both? 
 
Riassunto: In animals, either males or females, or both, attract their partners by signaling they are ready 
to mate. In simultaneous hermaphrodites, the two sexes are tied in the same body but many species 
mate with a partner (cross fertilization). However, how simultaneous hermaphrodites signal their sex, 
and whether they signal both the male and the female sex or only one of them has been rarely tested. 
We asked this question in the simultaneously hermaphroditic polychaete worm Ophryotrocha diadema, 
where previous experiments showed that communication occurs via waterborne chemical signals.  
We found that recipient worms responded differently to conditioned water produced by 
hermaphrodites manipulated so that they were either especially ready to mate as males or as females. 
When exposed to water from hermaphrodites ready to mate as males, recipient worms responded by 
expressing traits they typically exhibit when they are exposed to rivals competing over the male 
function: they increased their investment into the male function (motility and mate search) and 
diminished their investment into the female function (egg production). These changes did not occur 
when recipient worms were exposed to water from hermaphrodites ready to mate as females, although 
they changed the pattern of egg production with respect to control worms exposed to pure water. This 
change suggests that they did perceive signals, but these signals were different from those produced by 
hermaphrodites ready to mate as males. These results suggest that simultaneous hermaphrodites 
advertise their two sexes using two types of signals. Although forcibly sexually monomorphic in 
morphology, hermaphrodites might thus have evolved dimorphism in their sexual signaling. 
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Titolo: Better safe than sorry: uncertainty monitoring in Eurasian jays (Garrulus glandarius) 
 
Riassunto: How confident we are about our knowledge can be a key factor in our decision-making. 
When faced with a decision, humans often reflect on ‘feelings-of-knowing’ to determine whether we 
possess certain information in memory or if we can provide a valid answer to a certain request. In the 
last decade, several studies have investigated whether non-human animals can create confidence 
judgements about their knowledge. The classical paradigm consists of two separate components: (i) a 
task that requires some cognitive effort (e.g., perceptual discrimination, memory test) in which reward 
is delivered only after a correct response; (ii) an opt-out response that always leads to a reward, 
although less valuable than the one that could be obtained if engaging the task. Different animals (e.g., 
apes, monkeys, and dolphins) are capable of making confidence judgements by selectively opting out of 
the experimental task when it is too difficult to solve (e.g., high perceptual similarity of the stimuli, high 
memory load). Here we test uncertainty monitoring in seven Eurasian jays. Birds were presented with 
two identical upside-down cups and could witness the experimenter placing a highly palatable reward in 
one of the two cups. The experimenter then flipped the cups and shuffled them, either following a one-
step shuffle (i.e., the cups were moved from their original place only one time), or a multiple-steps 
shuffle (i.e., the cups were moved from their original place three to four times). Birds could lift one of 
the two cups, and retrieve the reward hidden underneath or opt out from the task by reaching a 
different cup placed on one corner of the apparatus, previously associated with a less palatable food 
item. Jays correctly solved the task after a one-step shuffle and opted out when presented with the 
multiple-step shuffle. At an individual level, six out of the seven subjects were able to rely on 
uncertainty monitoring. These data further support the idea of animals sharing functional parallels with 
human self-reflection capabilities, as jays could successfully evaluate their internal cognitive states and 
use these judgements to govern the most beneficial outcome. 
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Titolo: Integration of satellite tracking and biologging provides novel insights on subtle aspects of the 
spatial behaviour of loggerhead sea turtles (Caretta caretta) 
 
Riassunto: Satellite telemetry represents a most valuable tool to study the behaviour of marine turtles, 
as it allows to reconstruct their movements with fair accuracy and in some cases even to obtain general 
information on the turtles’ diving activity, typically over long time scales. Much more difficult is to have 
information on the turtles’ specific behavioural patterns, such as their diving and activity patterns or the 
water-related orientation, since only limited amounts of data can be relayed to satellites. A fruitful 
option to circumvent these problems is constituted by data loggers, that can store huge amount of data 
through which the turtle behaviour can be studied in detail. Since loggers have to be retrieved, they can 
only be used under special circumstances facilitating the instrument’s recovery, for instance through 
specific experimental procedures like displacements. Furthermore, the elaboration of the data collected 
is not straightforward and calls for the development novel analytical procedures to extract valuable 
behavioural information, often with the help of interdisciplinary competences. We present here the 
results of experiments on loggerhead turtles that were translocated away from their nesting beach in 
Turkey having been equipped with multi-sensor data loggers and simultaneously tracked with Argos-
linked satellite tags. The integration of logger and satellite data allowed to reveal a number of subtle, 
but most interesting, aspects of loggerhead spatial behaviour that were evident only when turtles 
engaged in active movements that were prompted by the displacement. These include: i) variations in 
diving patterns in different parts of the journey and/or of the day; ii) the ability to maintain a specific 
orientation even during deep dives or at night; iii) changes in activity patterns (e.g. in flipper beat 
frequency) over short time scales during the single dives; iv) reliance on energy-saving behavioural 
strategies like gliding; v) the presence of rapid changes in orientation of uncertain significance, with 
turtles sometimes making complete 360° turns around their axis (circling behaviour).  
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Titolo: Ethological adjustment of mice to changes across the spectrum of gravity 
 
Riassunto: Understanding the phenomena underlying tolerance and adaptation to altered 
environmental conditions such as un-physiological gravity level represents a good opportunity to 
analyze coping neurobehavioural strategies, mechanisms underlying neuroplasticity phenomena, and 
the individual vulnerability to stress. In addition, experimental animals are sent into orbit as a useful tool 
to preserve potential human and animal health, predicting and developing adequate countermeasures 
in long-term space travel. Ground-based experiments investigating the effects of altered gravity 
exposure often exploit the rotation-induced hypergravity (HG) and the hindlimb suspension test 
(unloading model, HU), the latter being highly employed in gravitational physiology and consisting in 
removing gravitational loading from the hindlimbs by suspending the animal by its tail. Aim of the 
present study was to investigate and compare the neurobehavioural effects in ground-based animal 
models and define a detailed HU ethogram in order to identify behavioral markers for characterizing 
differences in coping with the suspension paradigm and refining this procedure to minimize 
psychophysical suffering and improve animal welfare. C57BL6 mice were subjected to rotation-induced 
hypergravity or to tail suspension procedure and their behavioural profiles scored before, during 
hypergravity or tail suspension exposure, and after. The arranged ethogram enlisted multiple items and 
their longitudinal changes, aimed at establishing effective countermeasures for human space explorers, 
both by considering specie-specific, murine responding and to review the psychophysical stress caused 
by current HU testing, according to the 3Rs Principle (Refinement methodology). Specific behavioural 
items, such as vertical movements (rearing and wall rearing behaviours) or novel object exploration, 
were affected upon exposure to altered gravity conditions. Interestingly, HU ethogram revealed several 
analogies with behavioral elements observed in on-orbit mice, confirming that gravitational fields 
(micro- vs hypergravity) represent a continuum as well as the biological adaptive responses to changes 
across the spectrum of gravity. This study was supported by MARS-PRE, marcatori biologici e funzionali 
per la medicina astronautica di precisione.  
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Titolo: DON’T LET ME BE MISUNDERSTOOD: COMMUNICATION AND SIGNALS IN CZECHOSLOVAKIAN 
WOLFDOG PLAY  
 
Riassunto: Dogs engage in play fighting behaviour at every age. Play-fighting sessions are often 
punctuated by two specific signals: the Relaxed Open Mouth (ROM) and the Play Bow (PBOW). Since 
Czechoslovakian Wolfdog (CWDs) retains some wolf-like traits such as visual acuity and physical 
strength, it is a good model breed to test hypotheses on signal communication during playful activity.  
Via a frame-by-frame analysis of 15 hours of videos, we extracted 118 playful sessions from 24 subjects 
(12 males; 12 females) containing 822 ROMs and 76 PBOWs. The recruitment of the facial muscular 
action units during ROM and during the preparation phase of the biting action (DogFACS) revealed 
significant differences, with ROM showing features typical of ritualized displays. ROM anticipated 
offensive patterns (e.g. biting, pushing) and had a role in balancing the playful sessions, as predicted by 
the metacommunication hypothesis. If ROM has a role in fine-tuning the session, PBOW seems to serve 
a different function. PBOW did not anticipate an offensive pattern and had no effect in balancing the 
session. The analysis of the survival curves indicates that PBOW is mainly performed after a brief pause 
during an ongoing session and it is effective in restoring the motivation to play in the partner. For this 
reason, the mismatched number of PBOWs performed by the players could be a good indicator of their 
different motivation to play. In conclusion, ROM and PBOW seem to play different but complementary 
roles that make animals able to promptly perceive/decode visual displays, a necessary set of skills to 
cope with the uncertainty generating by play fighting in such a competitive breed of dogs. 
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Titolo: FIRST DESCRIPTION OF PLAY BEHAVIOUR IN WILD CRESTED PORCUPINES (HYSTRIX CRISTATA) 
 
Riassunto: Play has no obvious immediate benefits and it is an energy- and time-consuming activity. For 
this reason, animals generally engage in play only when they are in good health and free from stress. 
Play has been largely neglected in wild elusive semi-fossorial, nocturnal and herbivorous rodents. 
Crested porcupines (Hystrix cristata) spend most of their nocturnal hours searching for food and the 
burrow is the main site for breeding, sleeping, and refuge during the daylight hours. The species is 
gregarious and shows a social organization based on small families in which monogamy appears to be 
the mating system. The tendency to social behavior makes the species a good model for exploring the 
role of play. Here, we present data on play behaviour observed in 8 families of wild crested porcupines 
(n= 47) living in 2 different types of environment in Central Italy: a hilly area (Crespina-Lorenzana, Pisa, 
86 m a.s.l.) and sub-Appennine area (Spigone, Reggio Emilia; Novafeltria, Forlì-Cesena, 400-800 m a.s.l.). 
Data were collected via camera traps between 2018 and 2020, embracing all the seasons of the year. 
We were able to build an ethogram including 15 patterns performed both in social and solitary play. 
Most of the playful events were punctuated by locomotory patterns such as twirls, play run, and jumps 
whose combination represents the so called frisky-hope syndrome that also includes rotational 
movements, approaches/withdrawals with little physical contact between conspecifics. Actually, we 
never observed contact offensive patterns such as biting or limb wrestling. From a total of 5493 videos 
(30.62 hours), we observed play in 240 of them (1.35 hours) involving 31 immature and 11 full grown 
adult subjects. We counted 95 events of solitary play and 145 events of social play. In 33 cases we 
observed play between youngsters and adults. Play was similarly present across the seasons thus 
reflecting the reproductive activity of the species which occurs independently from seasonality. In 
conclusion, our preliminary data suggest that play is a relevant behaviour in crested porcupines and that 
it is worth to be investigated deeper to test hypotheses on its function at a socio-ecological level in this 
species.   
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Titolo: Social relationships among female Himalayan tahr (Hemitragus jemlahicus) 
 
Riassunto: Social relationships among nonprimate mammals have been little investigated. In this study, 
we examined social relationships in a captive group formed by 10 female Himalayan tahr (Hemitragus 
jemlahicus). Dyadic aggression was frequent, and resulted in linear age graded dominance hierarchy, 
while coalitions were rare. Female tahr interacted with the different group mates at widely different 
rates, indicating that they formed differentiated social relationships. A Principal Component Analysis 
showed that their social relationships could be described along three independent dimensions that we 
labelled Affiliation, Agonism and Ambivalence. Both affiliation and agonism were directed down the 
hierarchy. Affiliation was also directed preferentially to kin, while agonism showed the reverse pattern. 
Ambivalence was unrelated to both dominance and kinship. Overall, our results show that an ungulate 
species can form differentiated social relationships that vary in relation to dominance rank and kinship. 
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Titolo: Spatial cognition and the avian hippocampus: Research in domestic chicks 
 
Riassunto: I will discuss the functional equivalence of avian and mammalian hippocampus based mostly 
on my own research in domestic chicks. In birds, like in mammals the hippocampus plays a central role 
in processing spatial information. However, the structure of this homolog area in birds and mammals 
shows remarkable differences. In order to understand the evolutionary origin of the neural mechanisms 
for spatial navigation, it is important to test how far theories developed for mammalian hippocampus 
can also be applied to the avian hippocampal formation. To address this issue, I present a brief overview 
of studies carried out in domestic chicks, investigating the direct involvement of the hippocampus 
homolog in spatial navigation.  
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Titolo: Comparison between two methods of behavioral observations in leopards (Panthera pardus)  
 
Riassunto: Video recordings are often used to study animals in controlled environments using 
quantitative behavioural methods. However, the possible methodological issues arising from using 
indirect rather than direct observations are seldom investigated. This study investigated the differences 
between data gathered during direct observations and during video observations. The study (15 July–31 
September 2021) involved 8 Panthera pardus (5♀, 3♂, aged 4-20 years) consisting of 3 couples, plus 2 
individuals, housed separately, in a zoological facility in Northern Italy. Outdoor enclosures (+/-80 m²) 
consisted of a fenced soil surfaced area; indoor housing (8m²) offered straw bedding out of view from 
the public. The animals received structured enrichment and continuous access to fresh water. Video 
recording was accomplished with a 12-megapixel camera (30 frames/second), placed on a tripod, 2 
meters from each cage. During the 12-day observation period a total of 32 recordings (average 4 
observations/day), of 10 minutes were made. Simultaneous life observations were taken using an 
ethogram of 42 behavioural descriptors. Video recordings and life observations were analyzed using 
continuous sampling (16 sessions) and instantaneous sampling (16 sessions). Correlation tests 
(Spearmann) and paired data test (Wilcoxon) were performed for analogous variables (e.g., the duration 
and percentage of each behavior for continuous recording, percentage of scans for instantaneous 
recording). In continuous recording, the differing behaviours were: walking (p-frequency=0.002; D<R) (p 
duration=0.005; D<R), sniff (p frequency=0.005; D<R) (p duration=0.005; D>R), shake (p 
frequency=0.026; D<R) (p duration = 0.026; D <R), and tail move (p frequency = 0.009; D<R) (p 
duration=0.009; D<R). Behaviors that showed a difference in the percentages of scans were watch (p 
scan=0.005; D>R), head move: (p scan=0.014; D<R), head turn (p scan=0.007; D<R). There is a need for 
further investigation regarding the effects of methodology on data collected during behavioural 
observations. 
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Titolo: Do fish and monkeys have a single system for space and number judgments? 
 
Riassunto: The ability to estimate and compare quantities is of adaptive value as it enhances an animal’s 
ability to survive and reproduce. Although such capacity is widespread across the animal kingdom, the 
exact cognitive relationship between processing numerical (i.e., the number of discrete items in a set) 
and spatial (i.e., the continuous size or magnitude) information remains an open question. 
Here, we explored the possible existence of a unique coding for these magnitudes in three distantly 
related species: a teleost fish species, the guppy (Poecilia reticulata), a New World monkey, the 
capuchin monkey (Sapajus apella) and an Old World monkey, the rhesus monkey (Macaca mulatta). 
Half of the individuals in each species were initially trained to select either the shorter or the longer of 
two lines (line-length discrimination task) and then were trained to choose the array containing the 
larger (or smaller) number of items (numerical task). The other half of the subjects were first trained in 
the numerical task and then trained in the line-length discrimination task. Similar learning rates and 
similar threshold discriminability for numerical and spatial tasks were found in fish. Correlation in 
performance across the two tasks was also observed. Conversely, both capuchins and rhesus monkeys 
needed more trials to learn the numerical task than the spatial task and no correlation was found. Taken 
together, these results suggest the existence of possible different mechanisms involved in magnitude 
discriminations across species rather than a single system shared among vertebrates, contrary to what 
previously hypothesised. 
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Titolo: Elements of Ethology for innovative IBSE didactic in High School 
 
Riassunto: This modern learning and teaching project was created and realized in the years for scientific 
high school students in innovative STEM Bioscience itinerary. From the reading interactive teaching and 
learning laboratory about Nobel Prize Books of Konrad Lorentz to didactic works about model organism 
cephalopod in brain science research and modern applications were created with cooperative learning 
and teaching interactive strategies.  Ethology Nobel Prize Books Didactic Cooperative reading laboratory 
were realized in project learning strategies, involving students also in virtual debate critical and in 
socratic thinking. Different integrated IBSE ethology itineraries in which are presented also some 
elements of Three Rs European normative about using animals in modern researches realizing reasoned 
learning by doing activities about innovative researches in observing different animals in natural 
environment. All activities are realized with social life impact in promoting young people to conscious 
citizens relationship with animals, for engaging citizen science also realizing public engagement for 
active ethology,  analyzing some positive aspects, limits and perspectives of these modern educational 
activities for possible future implementing collaborations. 
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Titolo: Penguins’ food solicitation signals provide honest information to the body size of the offspring 
 
Riassunto: Avian begging calls mediate parent-offspring conflict and direct parental care to genetically 
related progeny. Endangered African penguins (Spheniscus demersus) extensively use high-frequency 
begging calls to request food from parents returning to the nest from a foraging trip at sea. During the 
2022 breeding season, we studied the vocal ontogeny of these food solicitation signals in 125 hand-
reared penguin chicks at the Southern African Foundation for the Conservation of Costal Birds 
(SANCCOB). For each brood, we recorded the begging calls daily from the hatching of wild abandoned 
eggs to the release of the chicks into the wild, approximately three months later. We recorded the 
chicks’ weight every 24 hours as an indicator of their body size and condition. We found that the 
fundamental frequency of begging calls (assumed to reflect the size of the syringeal membranes) 
decreases during the penguins' growth and negatively correlates with their body weight. We also found 
that the duration of the calls (assumed to reflect lungs and air sacs capacity) positively correlates with 
body weight and increases with the penguins' growth. Our results provide compelling evidence that 
honest cues to body size are encoded in the spectrotemporal features of food solicitation signals of the 
African penguin. These vocalisations may inform parents on offspring condition and growth rate, and 
thus facilitate adequate food allocation. 
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Titolo: The use of spatial and local cues for orientation in domestic chicks (Gallus gallus) 
 
Riassunto: Birds have been widely used to study spatial orientation. However, since different birds rely 
on different types of visual information to find goal locations (such as spatial information from free-
standing objects or local cues, i.e. characteristics of a goal location like color and shape), it is important 
to investigate this aspect in each model species. The aim of the present study was to clarify whether 
domestic chicks, a ground-living bird and a widely used model for the comparative study of spatial 
orientation, are able to reorient in relation to free-standing objects and if they preferentially follow local 
or spatial cues. Furthermore, we also investigated whether monocular eye occlusion influences the 
ability of chicks to use spatial or local cues. Chicks were trained and tested in a large circular arena with 
free-standing objects providing relational spatial information, to find food in one of the feeders. We 
found that dark-incubated male chicks were able to reorient in relation to distinct, free-standing 
landmarks (Experiment 1), but when local and spatial cues were put in conflict, chicks significantly 
preferred local cues over spatial cues (Experiment 3). Moreover, while the use of one eye system only 
was not sufficient to orient by spatial cues (Experiment 2), the preference for local over spatial cues was 
independent of monocular occlusion (Experiment 4). The results are discussed in relation to our general 
knowledge of spatial information processing in domestic chicks. 
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Titolo: Color morph-specific dynamics in telomere length and life history traits in a long-lived bird 
 
Riassunto: Telomere length, an indicator of senescence and of future survival prospects, has been 
shown to be heritable but can also be affected by environmental, parental and epigenetic effects. How 
phenotypic traits linked with fitness are associated with telomere dynamics and life history traits is still 
unclear. A phenotypic marker closely associated with physiological traits and fitness is melanin-based 
color polymorphism, which in tawny owls (Strix aluco) is highly heritable and strongly associated with 
adult survival. Pheomelanic (brown) tawny owl adults have shorter telomeres and faster telomere 
shortening than grey adults, as well as lower survival in harsh environmental conditions. We here show 
that mitochondrial density, a measure of cell respiration, was higher in parents of the brown color 
morph. In offspring, neither telomere length nor mitochondrial density was color morph-dependent but 
brown offspring are in better condition at fledgling, and this is especially so for brown daughters. In 
tawny owl adults both telomere dynamics and mitochondrial density are thus morph-specific, which is in 
line with the previously observed morph-specific life-history strategies. Brown adults indeed have faster 
telomere shortening and higher mitochondrial density, but also invest more in reproduction than grey 
parents, since brown parents produce heavier fledglings and are more consistent in their parental effort. 
We propose that morph-specific telomere dynamics and mitochondrial function may be linked with 
morph-specific reproductive trade-offs and life history strategies in adulthood, but that these 
physiological differences between morphs are not passed on to the offspring. 
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Titolo: Environmental changes and behavioural plasticity of the domestic cat. Does this represent a 
problem for the wellbeing of free-ranging domestic cats? 
 
Riassunto: The non-owned free-ranging domestic cat living in the Anthropocene, can lead a strictly 
solitary life or in socially structured groups, depending on environmental conditions. This review 
explores the evidence for the evolution of new traits (behavioural, morphological, physiological and 
immunological) in domestic cats to adapt to the variety of ecosystems they now successfully inhabit. 
Whereas the ancestor of the domestic cat led a strictly solitary life, today's free-ranging non-owned cats 
can live in colonies of multiple males/multifemales in urban centres, where they depend on food 
provided by people. We provide evidence that urban free-ranging domestic cats in the Anthropocene 
have responded to rapid changing environments, such as abundance of food and higher population 
densities of conspecifics by adapting their behaviour and social organisation to living in complex social 
groups. Urban free-ranging cats are now more social, as demonstrated by different breeding patterns, 
lower infanticide, more frequent affiliative interactions in general, and different spatial groupings. Have 
been the domestic cats able to do that because of their behavioural plasticity? On the one hand, 
behavioural plasticity allows individuals to respond to ecological pressures by modifying their 
interaction with new environmental conditions (e.g., exploiting a new food resource) without modifying 
the genetic diversity of the population. On the other hand, it slows down or even prevents the action of 
natural selection. Based on ours, and others, studies, unowned unneutered free-ranging domestic cats 
are able to adapt to the new environmental conditions, but still show behavioural patterns (e.g. the 
male reproductive strategies) that evolved in the original environment of adaptation, and are less 
functional in the new environment to reach the goals i.e., in this case, to enhance he fitness. We suggest 
that the importance to understand the behavioural plasticity and other recently evolved traits of 
domestic cats may lead to management strategies that maximise health and welfare of cats, wildlife, 
and humans. 
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Titolo: PLAY AND RAPID FACIAL MIMICRY IN A GROUP OF AFRICAN PAINTED DOGS (Lycaon pictus)  
 
Riassunto: Play is widespread across mammals and it is a challenging behaviour that requires 
sophisticated communicative skills. Focusing on social carnivores, play has been observed in several 
species such as spotted hyenas, meerkats and wolves. Here, we investigated play behaviour in the 
African painted dog (Lycaon pictus), a highly social canid who occupies the bushy plains of the Southern 
African regions and cooperatively hunts in packs. Although some data on its ecology exist, social 
behaviour of this species is largely neglected. We gathered data on a group of 9 subjects (3 females; 6 
males) hosted at the safari park Dvur Kralove, Czech Republic, from August to October 2020. Videos 
were analysed frame-by-frame using the program PotPlayer in order to record the accurate time of each 
behavioural item and their exact sequence of occurrence. From the 225 playful sessions analysed, we 
extracted a play ethogram by listing and defining all the observed patterns with a focus on facial 
communication. Through GLMMs we found that the play sessions were more asymmetric when the first 
player (the one starting the session) was older than its playmates. Moreover, the dyadic play sessions 
tended to be more asymmetric when they were extracted from polyadic sessions (more than two 
players), probably because this context produces less stable interactions compared to the dyadic one 
with a reduced efficiency of communication between the players. The playful sessions were regularly 
punctuated by the Relaxed Open Mouth display (ROM), a facial expression whose presence has been 
recently demonstrated in the domestic dog. Via the DogFACS, we qualitatively described ROM and, for 
the first time, we demonstrated the presence of rapid facial mimicry in the African painted dog. This last 
finding seems to reflect the highly social nature of the species that relies on motor synchronization to 
maintain social cohesion and to cooperate during the maintenance activities.  
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Titolo: ALTRUISTIC BEHAVIOR WITHIN A GROUP OF RELATED BOTTLENOSE DOLPHINS (Tursiops 
truncatus) 
 
Riassunto: Altruistic behaviors consist of those prosocial actions whose direct beneficiary is another 
individual with no material reward for themselves. In the wild, bottlenose dolphins (Tursiops truncatus) 
have been observed to perform many prosocial behaviors. Unfortunately, just a few studies have been 
conducted about it, which have produced conflicting results. In this study, we tested the altruistic 
behavior among five related bottlenose dolphins under human’s care, forming three types of pairs 
(mother-calf, aunt-nephew, and sister-sister). Specifically, we provided the dolphins with an apparatus 
based on the rope-pulling task to access a resource that the youngest individuals of each pair could not 
resolve. Then we evaluated if the oldest dolphins helped the youngest obtain the resources inside the 
apparatus. According to our findings, adults perform altruistic behavior only in pairs with strong social 
bonds among dolphins. As a result, our finding suggests that the social bond rather than kinship 
determines the altruistic behaviors in bottlenose dolphins. 
 
 

___________________________________________________ 
 

  

Marco Dadda




Padova, Orto Botanico    39° Convegno S.I.E.      12-14 Settembre 2022 

62 
 

Andrea Novelli, Manuela Caprioli, Roberto Ambrosini, Diego Rubolini, Alessandra Costanzo, Marco 
Parolini, Andrea Romano 
 

Università degli Studi di Milano 
 

Titolo: Telomere length decreases with age, but does not predict annual mortality and lifespan in a 
migratory passerine 
 
Riassunto: Telomeres are DNA-protein complexes at the ends of eukaryotic chromosome which play an 
important role in genome integrity. Due to problems of DNA replication, they shorten at each cell 
division. Their length also decreases because of environmental stress and high metabolic activities. 
When their length reaches a certain threshold, they lose their functionality causing cell senescence, with 
negative consequences for organismal functions. Therefore, an age-related decrease in telomere length 
is expected, as it has already shown in several vertebrates. However, an increase in telomeres length 
with age has been also seldom documented. Furthermore, most studies have been conducted in 
laboratory conditions, and the results of those realized on natural populations are few and contrasting. 
This study, based on multi-year data collection, aimed at evaluating the telomere dynamics over the 
entire life of a large sample of adult barn swallows (Hirundo rustica) under natural selection regime. 
DNA has been extracted from blood cells and relative telomeres length (RTL) has been obtained with a 
qPCR. We found large inter-individual variability both in RTL and in its annual variation (ΔRTL). Indeed, 
only a small fraction of individuals showed a decrease in RTL along their entire life, while for most of 
them RTL increased between consecutive years, at least once. However, at the population level RTL 
decreased on average with age, but no relation between telomere dynamics and longevity or annual 
survival was observed. This result suggests caution in considering telomeres as reliable biomarkers of 
life expectancy in natural populations, at least for short-lived species. Because of the metabolic costs 
due to reproduction, we also evaluated the effect of lifetime reproductive success on RTL and ΔRTL. We 
found a negative association between the lifetime number of eggs produced and the mean of individual 
annual ΔRTL. This result may suggest that a higher metabolic expenditure leads to a larger telomere 
shortening. Finally, RTL at first reproduction (1-year old) decreased from the older to the younger 
cohorts, suggesting a possible degradation in the quality of breeding habitat. However, future studies 
including more cohorts are necessary to confirm this trend. 
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Titolo: Effects of a simulated heat wave on spatial cognitive abilities and associative learning in the 
guppy, Poecilia reticulata 
 
Riassunto: Global warming is leading to a greater frequency of heatwaves, generally defined as an 
increase in temperature of at least 5°C compared to the average maximum temperature for at least 5 
days. Heatwaves do not only increase mortality in animals, but can also have important consequences 
on behavioral traits, including cognitively demanding behavioral traits, which in turn can influence 
mortality and reproductive success. Thermal condition is well documented to affect behavioral traits in 
freshwater teleosts, and like most organisms, freshwater communities will have to deal with an 
increasing number of extreme heat events in the coming decades. The consequences for behavior and, 
specifically, for the cognitive capacities underlying behavior remain largely unknown. Here, we tested 
the effects of a simulated heat wave on spatial cognitive abilities and associative learning in the model 
organism Poecilia reticulata. Previous studies have demonstrated the ability of guppies to learn to 
navigate a simple maze, decreasing their exit time after each trial. Therefore, we used maze learning as 
an indicator of spatial cognitive abilities in order to test whether heatwaves affect cognition. Using a 
simple maze in which each subject was tested 12 times and the release of a receptive female after 
completion as the reward, we compared the cognitive abilities of males recently exposed to a simulated 
heatwave to males maintained at a control temperature. The results will provide experimental evidence 
for the effects of heatwaves on cognition and, specifically, may help us better understand the 
consequences of events of extreme heat on freshwater species. 
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Titolo: Neuropharmacological study on emotional response to stress in Apis mellifera 
 
Riassunto: We tend to assume that emotions only occur in cognitively complex vertebrates and that 
invertebrates move guided only by simple reflex responses. However, emotions are considered 
fundamental for giving rise to adaptive responses. Based on the definition of emotions deprived of the 
concept of subjective experience, we conducted a neuropharmacological study on the emotional 
response to stress in Apis mellifera. Knowing that forager bees explore all environments however 
preferring ones with light, the aim of the first set of experiments was to assess whether a mechanically 
induced stress (shaking) caused a change in their exploratory behavior in a plus-maze with illuminated 
and dark arms. We then evaluated whether the general exploratory activity and the difference in light or 
dark preferences could reflect the appearance of an emotional state. We confirmed that bees prefer 
light zones. Moreover, we showed that bees exposed to a stressful mechanical stimulation were 
characterized by an enhanced dark avoidance. We also observed a gradual increase of the induced state 
in relation to the growth of the intensity of stress (scalability) and a significant delay in the return of the 
stressed bees to their basal behavior, indicative of an internal emotional state in slow decay 
(persistence). Finally, exposing bees to a different stressor (i.e., the alarm pheromone IPA) induced a 
similar behavioral change in the plus-maze (generalization). Given that the serotonin system has been 
shown to be involved in stress response in vertebrates and invertebrate such as crayfish, we set a series 
of pharmacological experiments to test whether the emotional response found in A. mellifera could be 
promoted by the biogenic amine serotonin (5HT) and abolished by a broad-spectrum serotonin 
antagonist (cyproheptadine, CYP). We found that the behavioral changes induced by a mechanical stress 
described above also occurred following topical application of 5HT in non-stressed bees and was 
abolished with topical application of the antagonist (CYP) in previously stressed bees. The results 
underline the role of serotonin in supporting emotional response.  
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Titolo: Assessing the effects of microplastic pollutants on bee health, behaviour and cognition  
 
Riassunto: The overuse of plastics has contributed to generating huge quantities of harmful waste on a 
global scale and represents one of the most concerning problems of the Anthropocene. Microplastics 
(MPs) are a class of pollutants that are extremely persistent and consist of polymeric particles less than 
5 mm in diameter. This characteristic allowed them to spread and accumulate in all environments, 
representing a potential threat to various plant and animal species. While most studies have shown that 
exposure to MPs in aquatic species is responsible for damage at the cellular and molecular level, 
significantly less is known about their effect on terrestrial biota and, in particular, on ecologically 
important species such as pollinating insects. Wild solitary and social bees and the managed honeybee 
Apis mellifera are directly exposed to MP pollutants during foraging. During their countless foraging 
flights, bees interact with plants, air, soil, and watersheds, and MPs from these sources inevitably 
accumulate in their bodies and in hive products. Given the increasing decline of pollinating insects, it is 
crucial to assess the potential lethal and sub-lethal effects of MPs, which, as the existing literature 
testifies, have so far been neglected. Employing a series of behavioural experiments, we explored the 
effect of MPs, singly or in combination to investigate possible additive or synergistic effects, on bee 
survival and cognitive abilities. Specifically, we evaluated the oral toxicity of polystyrene (PS) and 
plexiglass (PMMA) microparticles as well as a combination of the two (PS + PMMA) at three different 
concentrations (0.5, 5 and 50 mg/L) and analysed their effects on mortality, food intake, non-associative 
learning and olfactory associative learning and memory in bees. The experiments, some of which are still 
ongoing, will clarify whether these two common MPs negatively impact the health, behaviour, and 
cognition of A. mellifera. Moreover, it will also help to draw the attention of the scientific community to 
the urgent need to extend these studies to wild pollinators, which are essential for the delicate balance 
of our ecosystem. 
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Titolo: Mother-offspring interaction in mice: a possible novel role of limbic Npy1r  
 
Riassunto: Interaction between genes, sex and life history events plays a crucial role in the modulation 
of social and reproductive behavior and susceptibility to neurobehavioral disorders. Neuropeptide Y 
(NPY) and its receptors have been shown to be involved in emotional behaviors, vulnerability to stress, 
and metabolic disorders. We have demonstrated that conditional inactivation of NPY Y1 receptor 
(Npy1r) gene in the limbic system altered behavior depending on sex, maternal environment, stress and 
reproductive state. While conditional knockout males showed increased anxiety, impulsivity, stress 
response but decreased intrasexual aggression, virgin female mice were resilient to the effects of limbic 
Npy1r deletion on behavior. In the present study we challenged conditional knockout (KO) and control 
(WT) female mice with reproduction in order to verify the effects of pregnancy on behavior, metabolism 
and maternal behavior. Females’ body weight growth, adiposity, anxiety- and depressive-like behaviors 
during pregnancy were not affected by genotype. However, KO females were more receptive to males, 
but their litters showed lower birth weight and decreased survival compared to controls’ litters. In the 
very few cases in which pups survived, KO females did not seem to show alterations in maternal 
behavior compared to WT females. Remarkably, cross fostering at birth increased reproductive success 
in KO females but decreased it in WT females, suggesting an altered pups’ arousal at birth. These 
findings indicate a novel role of limbic Npy1r in regulating reproductive function in female mice. We 
hypothesize that limbic Npy1r might affect mother-fetal crosstalk during development and alter the 
early induction of the maternal behaviors following parturition that are necessary for stimulating pups 
nurturing. The alteration of this early process would then result in a failure to release the mother-
offspring hormonal-behavioral loop promoting maternal cares and attachment. 
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Titolo: Communication or stress? Influences of arousal and human presence on domestic dogs’ 
behavioural displays. 
 
Riassunto: Behavioural patterns may function as communicative signals. A criterion that allows to 
disentangle behavioural patterns caused by generalized arousal (physiological activation of the 
organism) from those actively performed as means of communication is to observe their dependence on 
the presence of a social partner, the so-called audience effect. Different facial expressions and 
displacement behaviours has been identified both as stress indicators and communicative signals in 
domestic dogs. However, there is no scientific evidence for the communicative valence of such 
behavioural patterns. In our study, we investigated the influence of positive and negative high arousal 
situations and the presence of an interspecific audience, a human experimenter, (basic criteria for a 
communicative signal) on dogs’ behavioural displays and facial expressions. We exposed dogs to positive 
anticipation, non-social frustration, and social frustration evoking test sessions and measured pre and 
post-test salivary cortisol concentrations. Cortisol concentration did not increase during the tests and 
there was no difference in pre or post-test concentrations in the different test conditions, excluding a 
different level of arousal. Displacement behaviours of head turn and sniffing the environment occurred 
more in the frustration-evoking situations compared to the positive anticipation and were correlated 
with cortisol concentrations, confirming their link with the stress-response. Ears forward occurred more 
in the positive anticipation condition compared to the frustration-evoking conditions, was positively 
influenced by the presence of an audience, and negatively correlated to the pre-test cortisol 
concentrations, suggesting it may be a good indicator of dogs’ level of attention. Finally, ears flattener, 
blink, nose lick, tail wagging and whining were associated with the presence of an audience but were 
not correlated to cortisol concentrations, suggesting a communicative valence of these visual displays. 
These findings are a first step to systematically test which subtle cues could be considered 
communicative signals in domestic dogs.  
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Titolo: Intraspecific and interspecific audience effect on domestic dogs’ communicative signals 
 
Riassunto: Domestic dogs have been shown to engage in communication with human partners and this 
ability has been suggested to be the result of both selective pressures (domestication and artificial 
breeding), as well as life experiences. However, differences between signals used by dogs towards 
another dog or human partner in a comparable context haven’t been studied yet. We investigated if 
dogs’ behavioural displays and facial expressions are differently expressed in 3 frustration evoking tests 
(food denial): 1. without audience present (frustration non-social), 2. with an unfamiliar dog (trained to 
look at the reward) (frustration dog) and 3. with an unfamiliar human looking at the food (frustration 
human). Prior to the test, dogs were habituated to expect food rewards from an openable window. In 
the test condition, the audience stood behind the closed window, looking at the food. Preliminary 
results, obtained from 17 subjects randomly chosen out of 46, showed that dogs spent their time near 
the window more in the frustration non-social compared to the frustration human condition and more 
in the frustration human compared to the frustration dog condition. In parallel, dogs looked at the 
window less when the dog was present compared to when the human was, showing interest towards 
the human experimenter while avoidance towards the dog. Dogs showed different facial expressions 
and behavioural patterns towards the conspecific and the heterospecific audience: they kept their ears 
downward (EAD105) and rotated (EAD104) more in the frustration dog compared to the frustration 
human, while no difference was found between the frustration human and frustration non-social 
conditions. Regarding the putative communicative signals, dogs licked their nose and wagged the tail 
more when the unfamiliar dog was present compared to when the human was present. Dogs barked 
more in the frustration human compared to the frustration non-social, but no difference depending the 
type of audience was found. Finally, dogs sniffed more the environment, a behaviour previously linked 
to stress, when audience was present. Our results are the first empirical evidence that dogs’ visual 
signals expression depends on the audience’s species. 
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Titolo: Appeasement function of displacement behaviours? Dogs’ behavioural and facial displays 
exhibited towards humans. 
 
Riassunto: Appeasement signals are behavioural patterns displaying an animal’s lack of aggressive 
intentions and with function of reducing aggressive behaviours in the receiver. In domestic dogs’, 
displacement behaviours, behavioural patterns showed without an apparent function related to the 
ongoing situation, have been suggested to function as appeasement signals. To test this possibility, we 
assessed whether the emission of these behaviours was dependent on a social conflict context, 
predicting that, if displacement behaviours also function as appeasement signals, they should be more 
prevalent in a conflict vs. non-conflict context. Fifty-three dogs were exposed to two unfamiliar humans 
approaching them in either a mildly threatening or neutral way. We categorized the attitude of the dogs 
towards the stimuli as reactive, i.e. showing a threatening reaction consisting of barking, with a stiff 
posture towards the stimulus, and non-reactive, remaining passive in front of the stimuli. We coded 
dogs’ behaviours and facial expressions (using the DogFACS) and modelled their duration or frequency 
as a function of the interaction between the test condition and the attitude of the dog. Displacement 
behaviours of blink, nose lick and lip wipe were associated with a non-reactive attitude, independently 
from the test condition. Head turn was associated with a non-reactive attitude in the threatening 
condition, while associated with a reactive attitude in the threatening condition. In conclusion, dogs 
with non-aggressive attitude emitted more putative appeasement signals, however these were not 
strictly associated to a conflict-ridden situation, calling for further investigation of their function. 
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Titolo: WHAT MAKES SOME YAWNS SO CONTAGIOUS? AN EXPERIMENTAL APPROACH IN MONKEYS  
 
Riassunto: Yawns can be triggered by others’ yawns, and this propensity is widespread among highly 
social species, where yawn contagion (YC) seems to promote behavioural synchronization among group 
mates. Despite its automaticity, the processes underlying YC are flexible enough to allow yawns emitted 
by individuals of different species to evoke a response. Furthermore, contagiousness is higher between 
subjects belonging to specific social categories (e.g., familiar individuals). In primates, it is still unknown 
whether the phenomenon is modulated by familiarity also when involving heterospecific subjects, and 
in monkeys the factors influencing the contagiousness of a stimulus have been poorly studied. To fill this 
gap, we experimentally investigated intra- and inter-specific YC in red-capped mangabeys (Cercocebus 
torquatus) by showing Yawn vs Control video stimuli depicting familiar and unfamiliar individuals from 
three different species (conspecifics, humans, hamadryas baboons). The monkeys yawned more often in 
response to Yawn than Control videos and did so independently from which species the triggers 
belonged to, indicating the presence of both intra- and interspecific YC. Conversely, familiar conspecific 
or human yawns were more contagious than their unfamiliar counterparts: the social or emotional 
closeness between yawners and responders somehow eased the mechanism underlying YC. 
Importantly, the amount of time spent looking frontally at the screen (stimulus perception) was biased 
towards unfamiliar subjects and did not influence the likelihood of the response. Similarly, the rate of 
self-directed behaviours performed by the tested subjects (proxy of their anxiety levels) could not 
account for the results. In conclusion, we provide the first evidence in non-human primates that 
familiarity modulates YC at both intra- and interspecific level. This suggests that the social experience 
allowing interspecies interactions under captive contexts may extend the natural ability to recognize 
and congruently respond to others’ faces despite the phylogenetic distance separating subjects.  
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Titolo: Effects of predation risk on lateralization and defensive responses in Balearic green toad tadpoles 
 
Riassunto: Lateralization, defined as the differential use of bilateral organs or limbs, is well described in 
several taxa and contexts, particularly in foraging and predatory ones, with benefits such as faster 
responses or increasing neural processing abilities. Amphibians, being ecologically diverse and easily 
raised in laboratory conditions, are considered relevant models to investigate lateralization. We applied 
the rotational preference test to Balearic green toad tadpoles in order to test the effects of behavioural 
defensive responses elicited by different predator types (native vs alien, i.e. dragonfly larvae Aeshna 
cyanea and adult red swamp crayfish Procambarus clarkii) and diets (fasted vs. tadpole-fed predators) 
on their lateralization. We tested tadpoles to five different chemical cues: clean water as control, fasted 
dragonfly larvae and crayfish, and tadpole-fed dragonfly larvae and crayfish. Tadpoles did not show a 
bias to turn in a predominant direction, although lateralization occurred at the individual level, as shown 
by the intensity index (LA). Perceived predation risk was the highest in tadpoles exposed to the tadpole-
fed native predators, which triggered changes in the intensity of lateralization and a decrease in 
tadpoles’ activity level. Contextual predation threat may induce very rapid changes in the expression of 
asymmetries at the individual level, which might play a role in the complex defensive strategies adopted 
by prey in the attempt to escape predators. 
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Titolo: The rise of cryptic female choice: a lesson from two external fertilizers  
 
Riassunto: When females mate with multiple males within the same reproductive episode, the different 
ejaculates have to compete for fertilization. Sperm competition has traditionally been viewed as an 
extension of male competition, and therefore as an intra-sexual process. However, we also know that 
the arena in which sperm competition occurs permits cryptic female choice (i.e., sperm selection) and 
that this process is often able to strongly influence the outcome of sperm competition. Despite this, 
cryptic female choice is likely the least investigated process of post-mating sexual selection. 
Female reproductive fluid (FRF) has recently been suggested to be a mediator of cryptic female choice, 
particularly through its effects on sperm traits. However, the mechanisms by which FRF mediates sperm 
selection and its overall influence over sperm competition remain obscure. 
In my presentation I will describe two examples of how the effects of FRF can overturn the outcome of 
sperm competition, in two externally fertilizing fish species with different reproductive behaviours.  
The first case study is the zebrafish (Danio rerio), a species characterized by a high level of male pre-
mating competition and limited female choice. Here we demonstrated that in water the paternity 
success of competing males is predicted by sperm velocity, but not in presence of FRF, which affects 
both sperm performance and fertilization success, enabling females to exert a cryptic choice, thus 
influencing the outcome of sperm competition.  
On the other hand, in the grass goby (Zosterisessor ophiocephalus), a species characterised by distinct 
territorial-sneaker mating tactics and a strong female pre-mating preference towards territorial males, 
we discovered a differential effect of FRF over sneaker and territorial sperm performance and 
fertilization success, reinforcing female pre-mating preferences. Such an effect is mediated by the 
different FRF concentrations experienced by the competing ejaculates, consequence of the males' 
relative proximity to the female, and allows females to discriminate among male phenotypes and 
control the sperm competition outcome.  
Together, these two examples, depict a powerful mechanism of female post-mating control, mediated 
by FRF, and tailored to the female needs, shedding light on the crucial role of female processes in the 
sperm competition game.  
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Titolo: Number discrimination by Archerfish 
 
Riassunto: Non-symbolic numerical estimation is an important and well-studied cognitive ability that 
allows humans and other animals to interact successfully with their surroundings. The development of a 
sense of number is associated with fundamental biological needs that in many ecological contexts allow 
animals to estimate how many companions or enemies are around, or how much food is present in 
different patches.  
Debates have arisen, however, as to whether animals actually can learn abstract non-symbolic 
numerousness or whether they always rely on some continuous physical aspect of the stimuli, covarying 
with number. Here we investigated archerfish (Toxotes jaculatrix) non-symbolic numerical 
discrimination with accurate control and proper randomization for continuous physical stimulus 
attributes.  
Archerfish were trained to select one of two groups of black dots (Exp. 1: 3 vs. 6 elements; Exp. 2: 2 vs. 3 
elements); these were controlled for several combinations of physical variables (elements’ size, overall 
area, overall perimeter, density and sparsity), ensuring that only numerical information was available. 
Training results showed that archerfish are capable of abstract numerical discrimination. 
After reaching a learning criterion, generalization tests with novel numerical comparisons (2 vs 3, 5 vs 8, 
and 6 vs 9 in Exp. 1; 3 vs 4, 3 vs 6 in Exp. 2) revealed a spontaneous choice for the largest or smallest 
numerical group according to the relative number that was rewarded at training. The use of relative 
information of numerical groups may have ecological reasons, being more adaptive in a natural 
environment that constantly requires numerical/quantity judgement. None of the continuous physical 
variables, including spatial frequency, affected archerfish performance. 
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Titolo: Ethological indicators of susceptibility to pollutant exposure in sea bream (Sparus aurata) and sea 
bass (Dicentrarchus labrax)  
 
Riassunto: Environmental contaminants, metals, pesticides, and other organic products represent a 
serious risk to a variety of aquatic ecosystems. Since in aquatic environments often emerge conditions 
where contaminants are present in levels far for being fatal, ethological analysis of fish behavior can 
provide insights with good predictive value for disentangling pathophysiological and ecological 
processes affecting commercial species exposed to potentially polluted environments. The purpose of 
our study was to assess the behavioural profiles and to validate behavioural indicators of susceptibility 
to ecologically-relevant pollutants in two fish species. The ethogram employed, focused on even minor 
alteration in social scores, enlisted seven behavioural items (swimming, chasing, biting, fighting, floating, 
dart movement, escape). Moreover, since established antipredatory group reaction was rarely 
considered in ecotoxicology studies, bathymetric scoring was recorded. Specimens of commercial 
seawater, gilthead seabream (Sparus aurata) and sea bass (Dicentrarchus labrax) were exposed for 4 
weeks to an ex-situ environment through sediments and invertebrates taken from Bagnoli-Coroglio, an 
Italian site currently subjected to environmental restoration due to a previous massive invasive 
industrialization process. Spontaneous activity and foraging behaviour were videorecordered three 
times a week and, at the end of the 4th week, behavioural challenges (i.e., predation, aversive, social 
and explorative tests) were presented to the subjects. Specie-specific changes in selected behavioural 
items, such as swimming, floating, chasing, and in the relative habituation profile were scored in both 
species. Minor but specific differences in predatory behaviour towards standard prey model were 
found. Finally, the potential of the innovative set-up (schooling evaluation) emerged to investigate the 
effects of polluted environment on different behavioural domains in fish, illustrating also some subtle 
yet ecotoxicologically relevant differences observed between the two species. 
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Titolo: Emperor tamarins, preferred hand and feeding task: a puzzle to solve 
 
Riassunto: The current research focuses on manual lateralization during a complex feeding task in the 
emperor tamarin (Saguinus imperator). Studies on callitrichids revealed mainly hand preference at the 
individual level, with lack of group-level biases. However, factors affecting behavioural asymmetry need 
further investigation. Nine adult zoo emperor tamarins were provided with paper cones filled with food 
and hung in the enclosure with a string. The aim of this study was to investigate the overall hand 
preference of tamarins during the interaction with cones and to verify whether and how the position 
and typology of the target could affect the hand choice. We carried out ten 30-minute sessions per 
subjects and recorded the hand used to fish the string and to grasp the cone, focusing on bouts of hand 
preference (first event of a series). We found a group-level right-hand preference for grasping, whereas 
we reported no group-level bias for fishing. We reported also hand preference at the individual level. In 
addition, when the target was on the right, tamarins showed group-level right-hand preference for both 
actions. In addition, the HIs were significantly higher with target on the right than on the left side. 
Natural food items led to a group-level right hand preference, whereas we found no biases in the 
presence of bread bakery food. Findings of the current study highlight traces of right-hand preference in 
the emperor tamarins during complex feeding task, with the position and typology of the target 
affecting manual lateralization.  
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Università degli Studi di Pavia 
 
Titolo: ESCAPE STRATEGIES OF PODARCIS MURALIS IN RELATION TO ANTHROPOGENIC DISTURBANCE 
 
Riassunto: Escape strategies of animals may depend on several factors: characteristics of the species, 
individual personality and environmental conditions. Urbanization and anthropic interference change 
may deeply modify the habitat of many species and, consequently, affect different aspects of their 
behaviour. The risk of predation can be represented by a predator approaching the prey or remaining 
still nearby, and prey must be able to escape at the right moment, and in different situations, to avoid a 
deadly risk experience. In this study, we evaluated the importance of several factors in relation to flight 
initiation distance (FID) and other escape variables of Podarcis muralis, in three different types of 
habitats: natural, rural and urban. We found a clear difference among habitats, with FID significantly 
higher in natural environments than in urban and rural ones. The relationship through FID and the 
sighting distance showed a relevant variation between sexes. As the sighting distance increases, the FID 
of males has a higher proportional variation in comparison to females. Finally, we detected a difference 
among males and females concerning the distance to a shelter (i.e. a possible place where the animals 
can hide; the presence of shelters depends on the environment). Females were often positioned near 
the shelter while males moved further away. The results concerning FID for the three types of habitats 
show how in urban and rural ones lizards are sighting at greater distance, while the flee of these animals 
occurs at shorter distance (FID decrease). In natural habitats lizards were sighted at shorter distances, 
led to their rapid escape therefore the FID in these environments is greater. The flight initiation distance 
has a relevant variation between sexes, and this can be explained by the reproductive period, since 
Podarcis muralis was in the second reproductive stage during this study (June). 
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Titolo: Sibling competition for food and kin selection in nestlings of a colonial raptor  
 
Riassunto: Kin selection theory predicts that, in species where offspring have to share depreciable 
parental care, individual progeny members should increasingly attempt to monopolize resources 
provided by the parents as their relatedness to brood competitors declines. Although the level of 
relatedness among broodmates is often variable in vertebrates, whether it affects within-brood 
competition dynamics has seldom been studied in wild animal populations. Here, we tested this 
prediction in the lesser kestrel (Falco naumanni), a cavity-nesting colonial raptor that can breed in high-
density colonies, where nestlings often swap among nearby nests, generating mixed parentage among 
broodmates. We performed experimental tests where nestlings had to compete for food between pairs 
of siblings or unrelated, unfamiliar individuals. We showed that nestlings stole prey more frequently 
when competing with an unrelated, unfamiliar competitor than when competing with a sibling. This 
finding adds to the limited evidence that rivalry among broodmates are affected by their relatedness, 
suggesting that kin recognition and kin selection may play an important role in determining individual 
competitive strategies and care allocation in multiparous species. 
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Titolo: Inborn recognition of animate agents in domestic chicks 
 
Riassunto: The early social responses of visually naïve domestic chicks have long been studied to reveal 
the presence of inborn predispositions for features typical of animate agents. Chicks can be hatched in 
complete darkness and tested before any visual experience, thanks to their precocial nature and early 
affiliative responses (motivation to approach the best imprinting object available in the visual 
environment, to avoid imprinting on inanimate objects). Intriguingly, many predispositions to attend to 
visual features distinctive of animate agents are shared between newborn babies, young primates and 
visually naive chicks. Predispositions for the motion of animate agents have often been studied with 
very simple stimuli, displaying the movement of single objects. However, when multiples agents are 
simultaneously in motion, other features might be used to reveal the presence of animate agents. This is 
the case when the movements of multiple objects are reciprocally spatiotemporally contingent on each 
other, triggering the impression of social interactions. Here we investigated the response of naïve chicks 
to more complex configurations, in which multiple agents appear to be engaged in social interactions 
(e.g., chasing stimuli or wolf-pack effect stimuli). Chicks discriminated chasing and non-chasing patterns, 
but their preferences were driven by the temporal unpredictability of the agents’ motions. Moreover, 
chicks seemed to be able to perceive the wolf-pack effect, similarly to human observers (in which these 
stimuli elicit the perception of apparent stalking behaviour). 
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Titolo: The hybrid delay task reveals self-control individual variability in bumblebees 
 
Riassunto: Self-control (i.e., the ability to control impulsive behavior in a tempting situation) can be 
beneficial in a variety of social and foraging contexts, as this ability allows goal-directed behaviors and 
optimal foraging. However, choosing to wait is not necessarily paired with the ability to sustain that 
choice. In this study, we developed a hybrid delay task paradigm combining delay choice and delay 
maintenance to investigate self-control in bumblebees (Bombus terrestris). Free-flying bumblebees 
were first individually trained in an artificial foraging arena to associate two differently colored artificial 
flowers either with an immediately accessible small reward (5 µl of sucrose solution) or a delayed-large 
reward (5x4 µl of sucrose solution; 15 s delay). Then, bumblebees that reached the learning criterion 
were offered 10 delay choices between the two flowers/rewards. In this delay choice test, once the 
choice was made by the bees the decision could not be reversed. About 75% of bees chose to wait and 
thus were confronted with the delay maintenance test. Here, we removed the 15 s limit for the delay 
and recorded the time spent by each individual on the delayed-large reward option before they 
defected for the smaller and available option. About 33% of bees waited for the larger reward, 
sustaining the delay for an average of 177 seconds. Our results show that some bumblebees can choose 
to wait for a better reward and then sustain their choice, preferring the larger-later option to the 
smaller-sooner one accordingly to the optimal foraging theory. To explore whether self-control 
correlates with learning ability, we are currently testing with a second set of experiments whether bees 
that have more self-control perform better in a reversal learning task. The results will allow us to clarify 
whether self-control can help animals to better cope with transient uncertainty of food resources 
availability typically occurring in nature and make economic decisions during foraging. 
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Titolo: School of Ethology for Teachers 
 
Riassunto: In June 2022 we organized a school of ethology in San Miniato (PI) thanks to a SIE grant. 
Twenty-five secondary school teachers from all of Italy gathered in San Miniato to meet some 
professors and researchers of animal behaviour. During the two days of the course, they focused on the 
idea that ethology can give many occasions to design school activities in collaboration with universities. 
These activities are meant to spread scientific culture and contribute to encourage students to 
undertake scientific careers. The objective of the school in the future is to create a group of teachers 
that design and test activities which are modelled on animals easy to house in school labs, observable 
near the schools, or on video. The learning process of such teaching activities allows the students to 
learn how to observe and carry out research guided by some key questions given by the teacher and this 
process leads them to ask questions, to conduct experiments based on hypothesis, and to build 
interpretative models regarding evolution.  
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Titolo: Disentangling olfactory and visual cues and the role of compatibility during mate choice in the 
zebrafish, Danio rerio. 
 
Riassunto: Research on mate choice has mainly focused on the role of morphological traits, but other 
sensory modes may play an important role. Since olfactory cues are likely related to compatibility 
among the partner at major histocompatibility complex (MHC), they could strongly affect female mate 
choice in a macrosmatic species such as the zebrafish (Danio rerio). To investigate this aspect, we used a 
recently developed experimental set-up that allows the separate manipulation of olfactory and visual 
information. In a preliminary experiment, we tested the receptivity window of the zebrafish to maximize 
protocol for 
mate choice in this species. After also assessing the repeatability of the procedure, we assessed the role 
of visual and olfactory cues on precopulatory mating preference. We also investigated the genetic 
similarity of the tested fish to further understand the contribution of the compatibility during mate 
choice. To do so, we presented the same two males to the female in two consecutive days, but in one 
day the female could rely only on vision to choose between males whereas in the other day also 
olfactory cues were provided. Once completed the trials, both females and males were measured to 
assess morphological traits (e.g., size and body coloration) and genotyped to determine their MHC 
similarity and relatedness. Preliminary results revealed that the procedure is highly repeatable and 
females are more sexually receptive 7 days after natural mating whereas the results of the role of visual 
and olfactory cues will be discussed. 
 
 

___________________________________________________ 
 

  

Marco Dadda




Padova, Orto Botanico    39° Convegno S.I.E.      12-14 Settembre 2022 

82 
 

Virginia Schianini1, Marco Gamba2, Emiliano Mori3, Elisabetta Palagi1 
 

1. Department of Biology, Unit of Ethology, University of Pisa, Italy; 2. Department of Life Sciences and 
Systems Biology, University of Turin, Italy; 3. Istituto di Ricerca sugli Ecosistemi Terrestri, Consiglio 

Nazionale delle Ricerche, Italy 
 
Titolo: (Don't fear) The Rattling: Crested Porcupines Acoustic Repertoire with a Focus on Social 
Recognition 
 
Riassunto: African crested porcupines (Hystrix cristata) are large, nocturnal, monogamous rodents that, 
like other members of the Hystricidae family, have their bodies covered in long quills that they can raise 
and attack with if threatened. However, unique to all but one species of this family is the presence of 
modified quills clustered only on their tail. These rattle quills have an enlarged, hollow portion open at 
one end. These quills vibrate on certain occasions, and their shape allows the production of a 
characteristic sound called rattling. This sound is a part of the defence display of crested porcupines. 
Apart from rattling, vocalisations (i.e. snorts and growls) emitted by African crested porcupines have 
been rarely mentioned in the literature. To our knowledge, no systematic description of their acoustic 
repertoire exists, nor is any study on their role in communication. We gathered sounds and vocalisations 
emitted by 13 captive individuals by recording their spontaneous behaviour with the aims to  provide a 
complete description of vocal and non-vocal sounds emitted by African crested porcupines, and  
investigate whether and how these sounds have a role in social recognition. African crested porcupines 
are social rodents living in family groups, and as in other social species of mammals, recognition abilities 
are crucial for regulating interactions between conspecifics. Since they also possess unique adaptations 
for sound production, this species could represent an exciting model, among rodents, for studying 
acoustic communication. 
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Titolo: Becoming socially competent: playing with and at others in foals (Equus caballus) 
 
Riassunto: Play is an adaptive behavior providing immediate benefits to young individuals by enhancing 
motor and social/communicative skills, essential to manage adult relationships. In mammals, the earliest 
social experience occurs soon after birth, with the development of mother-infant bonding. Horses 
(Equus caballus) maintain physical proximity with their mothers till 2-3 months of age, then the foal 
proximity with peers and other mares starts developing. Horses are social animals living in stable groups 
structured by dominance hierarchies; although its renowned relationship with humans, only few studies 
exist on this species’ behavior under natural conditions. We video-recorded play sessions in 13 foals (1-
24 weeks of age) living in a group of semi-feral horses hosted at the Parco Regionale Migliarino San 
Rossore Massaciuccoli (Tuscany, March-October 2019). Besides solitary and social play, two distinctive 
forms of play called at an individual and at the mother have been described, allowing the analyses of 
those sessions in which one of the parties do not actively participate. The age of the subjects affected 
the frequency of solitary play and play at the mother, which decreased as the foal grew up. The 
frequency of play at an individual was low during the first week of life, increasing in the subsequent 
weeks together with social play thus suggesting a gradient of play competence. Moreover, males 
showed higher frequency of play at an individual compared to females. Our data allow tracing a sort of 
social expertise gradient in foals that is reflected in play modalities (i.e., from solitary, to one-side 
interactive, to explicitly social). The dominance rank of the mother had a significant effect: the higher 
the rank, the higher the social play in the foal. In horses, maternal rank and experience may affect the 
behavior of offspring as adults, determining the reproductive success of stallions and mares’ tendency 
to associate with other mares. Here, we demonstrated that foals acquire social competence and 
experience through play since the first weeks of life and that such competence can translate in future 
social advantages.  
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Titolo: An ethological approach to mother-child interaction paradigm:  a snapshot of the socio-
emotional development in three-months old infants 
 
Riassunto: Environmental factors, including perinatal exposures to chemicals in water, air and food as 
well as the quality of parental bonding might unsettle human normal development. Prenatal or neonatal 
life stages are characterized by elevated sensitivity to any inputs and elements which can permanently 
affect a tissue/organ growth. The Life MILCH Project is a longitudinal study aiming at ascertaining the 
correlation between levels of maternal milk contamination by environmental Endocrine Disrupting 
Chemicals (EDC) and infants’ neurobehavioral development. Pregnant women (n=200) were enrolled at 
Parma Hospital (Italy) and mother-infant dyads have been convened one, three, six and 12 months after 
delivery for assessing EDC exposure by biological samples and the application of validated tests to 
evaluate the potential impact on neurodevelopment, depending on the age (1mo, Visual Preference 
Paradigm; 3mo, Face-to-Face Still-Face paradigm, FFSF; 6mo, Fagan Test of Infant Intelligence; 12mo, 
Barrier Task). The FFSF consists of a three-step process in which maternal responsiveness is 
experimentally manipulated by asking the mother to maintain a still, poker face (‘still-face’ episode) 
when interacting with her infant. Sessions have been video-recorded, with two different cameras, 
allowing close focus on both subjects. The FFSF triggers measurable behavioral regulation indexes in 
infants, reflecting the level of their distress. A micro-analytical 1-sec behavioral analysis of infants’ socio-
emotional stress response is conducted on a part of the sample by applying the Parent-Infant Coding 
System (PICS) to assess infant socio-cognitive development (i.e., self-regulation, socio-emotional 
competence). Specific PICS features are going to be employed to investigate infants’ socio-emotional 
stress across the FFSF. Different functions of parental touch and vocalizations are going to be considered 
as potential environmental regulators of infants’ socio-emotional stress. Finally, the automatic and 
unconscious mirroring of emotional facial expressions between the two interactants (i.e., Rapid Facial 
Mimicry) is going to be investigated via a frame-by-frame analysis as a measure of the quality of the 
mother-infant bond. By combining psychology-based experimental approach with ethological, 
observational coding methods we intend to delineate a preliminary assessment of 3-months-old infants’ 
cognitive health and socio-emotional outcomes. 
This research is funded by Life18 ENV/IT/0004601 MILCH.  
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Titolo: Defensive behavioural responses of Italian agile frog tadpoles exposed to microplastics  
 
Riassunto: Microplastics have been reported to threaten a wide variety of terrestrial, marine, and 
freshwater organisms. However, knowledge of microplastics' effects on anuran amphibians, one of the 
most threatened taxa worldwide, is still limited. With the aim of assessing the effects of MP exposure on 
the defensive response of Italian agile frog (Rana latastei) tadpoles, we exposed them to three different 
concentrations (1, 7, and 50 mg L�1) of an environmental relevant mixture of microplastics (HPDE, PVC, 
PS and PES) for two weeks. Then, we measured the total distance covered by individual tadpoles before 
and after exposure to tadpole-fed dragonfly larvae (Aeshna cyanea) cues. As expected, predation risk 
sharply lowered the total distance travelled by tadpoles, however, MP concentration did not affect their 
defensive performances. Moreover, we collected data on tadpole development, activity, and mortality. 
In contrast with previous experiments, neither tadpole growth nor mortality varied with MP 
concentration. Our results indicate that the intensity of MP effects on growth, development, and 
behaviour may depend on tadpole size, with large tadpoles being less susceptible to the negative effects 
of MP exposure. 
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Titolo: Look at me and tell me how I feel! Investigation on how donkeys express their emotions. 
 
Riassunto: Donkeys are gaining a prominent role in the field of animal assisted interventions (AAIs) as 
they are the third most involved species in Italy and one of the five species endorsed by the Italian 
Guidelines for the implementation of animal assisted therapy and educational projects. Their 
involvement in the AAI setting implies the necessity of understanding the nature of their emotional 
experience, to protect the quality of the relationship and the effectiveness and safety of AAIs. Emotions 
are not directly measurable mental states yet manifested through physiological (e.g. heart rate 
variability) and behavioural (e.g. escape from a negative stimulus) reactions. Thus, although determining 
how animals show emotions is a tricky riddle, behavioural observations can be a valuable tool to assess 
them. We structured two tests, i.e. positive vs negative, based on a previously performed operant 
conditioning. In the first one, animals had to push a buzzer with their muzzles to obtain a food reward 
(i.e. palatable food); in the second, animals received a non-edible material (i.e. stones) instead of the 
food prize. This allowed the investigation of donkeys’ emotional manifestation in two induced emotional 
contexts (i.e. rewarding vs frustrating). Thus, we looked at facies (ears positions in particular), body 
postures and behaviours (e.g. movement or explorative behaviours). Nine adult and healthy donkeys 
were involved in the study. Principal Component Analysis (PCA) and Wilcoxon's test were applied to 
evaluate significant differences in the duration and frequency of behavioural and postural/facial 
manifestations expressed in the two tests. The first three components of the PCA explained 83.3% of the 
observed variability, with the first component discriminating subjects' data based on the test 
(positive/negative). For instance, animals kept their ears erect frontally (p<0.0001), stood with a bent 
knee (p=0.003) and walked (p<0.001) significantly more during the negative test. This study explores the 
manifestation of emotions in donkeys, looking for the facial expressions, postures and behaviours these 
animals show in two different emotional conditions. The results could represent a first step for the 
drafting of an operational protocol aiming to identify reliable and non-invasive indicators of donkeys’ 
emotional states, to safeguard donkey’s welfare. 
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Titolo: Explorations in bumblebee cognition 
 
Riassunto: Determining the cognitive abilities and limitations of insects can help us better understand 
the evolution of cognition, of brains, and the ecological pressures which drive differences across the 
animal kingdom. I will present the findings of several of my past and current collaborative works 
exploring bumblebee cognition, how they view and interact with their world, how they make decisions, 
and how their small brains sometimes may even give them an advantage over larger more complex 
brains.  
 
 

___________________________________________________ 
 

  

Marco Dadda




Padova, Orto Botanico    39° Convegno S.I.E.      12-14 Settembre 2022 

88 
 

Valeria Anna Sovrano1,  Greta Baratti1, Andrea Messina1, Davide Potrich1, Cristiano Bertolucci2  
 

1. CIMeC - Centro Interdipartimentale Mente/Cervello, Università di Trento, Italy; 2. Dipartimento di 
Scienze della vita e biotecnologie, Università di Ferrara, Italy) 

 
Titolo: Extra-visual use of spatial geometry in zebrafish remains unaffected after pharmacological 
ablation of the lateral line 
 
Riassunto: The fish are able to reorient themselves, that is to find a salient place in their own space of 
life and action, after passive disorientation, within environments characterized by a precise geometric 
shape, usually rectangular, making use of metric spatial cues (length, distance, corners) and sense (left / 
right), i.e., geometric attributes of the navigation’s space. This ability is widespread among vertebrates 
and it has been extensively explored within rectangular enclosures, characterized by opaque visible 
surfaces, with or without conspicuous landmarks (an entirely blue wall) or local ones (different panels at 
the four corners of the arena). Evidence, in this regard, suggested a view-based processing of spatial 
information during reorientation behavior. However, the use of fish as an animal model in this research 
area allows us to test the role of other sensory modalities besides sight: one of these is the lateral line 
(LL), which is made up of mechanical sensors (neuromasts), capable of detecting hydrodynamic stimuli, 
that is, the pressure variations of the water induced by the presence of salient stimuli, and potentially 
also capable of building a map of the surrounding space. Therefore, in order to investigate whether fish 
could use the LL to reorient themselves using only the spatial geometry of a non-visible environment, 
the reorientation behavior of zebrafish (Danio rerio) was observed: fish were trained inside a 
transparent rectangular arena, after inducing a pharmacological ablation of the LL, by administering 
gentamicin. A staining procedure of mitochondria with the DASPEI fluorescent vital dye was performed 
to visualize the LL neuromasts of controls vs. gentamicin-treated fish. Despite the treatment, the results 
showed that the zebrafish reoriented correctly, leading to the exclusion of LL as a pivotal way to solve 
the geometric reorientation task. On the other hand, an analysis of movement strategies has highlighted 
mainly a perimeter exploration, often closely adhered to the surfaces of the rectangular arena, thus 
emphasizing the role of touch and its integration with other senses in constructing an internal 
representation of the environmental geometry. However, it is still little investigated in visual and non-
visual spatial tasks both in animals and in human beings. 
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Titolo: Quantification of receiver’s movements reveals plastic courtship behaviour in spotted 
bowerbirds (Ptilonorhynchus maculatus) 
 
Riassunto: Plastic courtship behaviour allows animals to adjust signalling effort and switch between 
alternative courtship tactics during sexual displays. Behavioural cues from receivers – most often 
females – have been shown to play an important role in courtship modulation. Male spotted bowerbirds 
(Ptilonorhynchus maculatus) perform a vigorous courtship dance to visiting females on the bower – a 
structure of sticks that is built during the breeding season as a display stage. Vigorous courtship is 
preferred by females in this species, but excessive intensity can startle the audience and lead to 
unsuccessful courtship. In this study, we trained a machine learning algorithm to quantify females’ 
movements in the bower, in order to investigate whether male bowerbirds exhibit fine-scale modulation 
of their courtship behaviour based on subtle cues from females. Our results show that bowerbirds use 
specific courtship moves in a flexible fashion depending on female behaviour. Furthermore, our 
comparison between resident bower owners and subordinate males that do not own a display arena 
reveals experience-dependent variation in courtship performance. However, contrary to our 
predictions, experienced bower owners evoked stronger startle responses in receivers than subordinate 
males. We discuss our findings in light of the available literature on courtship plasticity and 
development in multicomponent displays. 
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Titolo: The smartest parrot of the aviary: Problem solving abilities of macaws’ species 
 
Riassunto: Recent research has been focusing on cognitive abilities in birds, particularly corvids and 
parrots revealing that these species show similar cognitive skills to those reported in primates. This 
study aims at investigating the problem-solving abilities in three macaw species. Subjects of the study 
were eight zoo macaws (4 Ara chloropterus, 2 A. macao and 2 A. ararauna) housed in mix-species aviary 
at Parco Natura Viva, Italy. Macaws were provided with two string-pulling tasks in two periods: in the 
first period, the apparatus was a horizontal stick with two parallel strings with a reward at the end of 
only one of them (Test A). In the second period, the strings were crossed, and macaws had to pull the 
string contralateral to the reward to reach for it (Test B). Per period, ten 1-hour sessions were carried 
out and all sessions were video recorded. Frequencies of interaction with the apparatuses were 
collected, considering the first choices of each macaw within each session and per apparatus as well as 
all other choices. Results suggested individual variability in the interactions with the apparatuses. 
Considering all choices, all subjects that interacted with the apparatuses were able to solve both tasks. 
However, individual level differences in the problem-solving skill were reported, with greater number of 
non-correct choices vs. correct choices in Test B than in Test A. In conclusion, despite inter-individual 
and inter-specific differences, the study macaws showed problem-solving and learning abilities and were 
able to solve both the easy and the complex tasks. 
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Titolo: bdnf loss affects behaviour and cognition in zebrafish 
 
Riassunto: BDNF (Brain Derived Neurotrophic Factor) is a phylogenetically well-conserved growth factor 
belonging to the neurotrophin family. In mammals, research suggests that it is involved in the survival, 
maintenance and growth of central and peripheral neurons, in the synaptic plasticity, and in learning 
and memory processes. Interest in BDNF is also due to evidence that interindividual variation in its 
expression may contribute to neurobehavioural disorders in humans. To date, part of the functions and 
mechanisms related to BDNF are still unclear, also due to the lack of an in vivo null mutant model. We 
generated such model applying the CRISPR/Cas9 technology to the zebrafish, Danio rerio. We then used 
the obtained zebrafish bdnf -/- line to investigate the functional effects of Bdnf loss on behavioural and 
cognitive traits with a battery of tests. Two of our behavioural tests showed a marked effect of the 
mutation: bdnf -/- zebrafish exhibited hyperactivity and higher sociability compared to wild type sibling 
(bdnf +/+). In a third test, the scototaxis test, we found marginal evidence of anxiety alterations in bdnf -
/- zebrafish. The swimming capacities assayed in a swim tunnel test was instead comparable between 
the bdnf -/- and the bdnf +/+ zebrafish. Regarding the cognitive phenotyping, the null mutant zebrafish 
had strongly compromised performance. Most bdnf -/- subjects failed at learning to discriminate 
between two colours to obtain a food reward, a task easily achieved by the wild-type siblings. 
Moreover, in an inhibitory test, bdnf -/- subjects showed difficulties in withholding foraging behaviour 
towards a prey that was visible but unreachable. Taken together, our results indicate that BDNF affects 
several behavioural and cognitive traits in teleost fish. As some of these effects are similar to those 
observed in mammals, it is likely that the role of BDNF is highly conserved in the vertebrate clade. 
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Titolo: Contrasting impacts of human and wolf activities on diel activity patterns of roe deer across 
northern Italy 
 
Riassunto: The roe deer (Capreolus capreolus) is a small-sized ungulate representing a primary prey 
species for large carnivores and game species for hunters; thus, it is expected to adopt behavioural 
responses to reduce the exposure to humans and predators generating a complex landscape of fear. 
While human hunting and disturbance are concentrated in daylight hours, natural predators are mostly 
nocturnal or crepuscular and prey commonly adjust their diel activity patterns in relation to these 
contrasting risk factors. We therefore expect roe deer to be particularly crepuscular, concentrating as 
much of their activity as possible during dawn and dusk, in areas with high human and predator 
pressure. We investigated species patterns of activity in north-western Italy using camera-trapping. The 
collection of data was carried out in seven study areas, which greatly differ in landscape composition 
(from areas with abundant woodlands to intensive agricultural areas), human pressure and predator 
presence. In our study areas the top predator is the wolf (Canis lupus) and the roe deer represents its 
most consumed prey species. We collected camera-trapping events across six consecutive seasons 
(winter: Dec-Feb; spring: Mar-May; summer: Jun-Aug; autumn: Sep-Nov) from December 2020 to May 
2022 and we estimated seasonal roe deer diel activity patterns through a probability density function 
using Kernel Density Estimate. In each season, we quantified the similarity of the patterns in different 
study areas by estimating the overlap in the probability density functions through a coefficient of 
overlap. We collected 1933 events regarding roe deer activity; we observed marked plasticity in roe 
deer diel activity patterns in response to spatio-temporal variations in risk due to human activities and 
wolf presence. Overall the roe deer had non-uniform patterns across the diel cycle with a tendency 
towards bimodality. But seasonally and locally some interesting variation from these general patterns 
emerged: the roe deer switched most of the activity to night-time in case of high human disturbance or, 
conversely, where wolf is a stable presence, the roe deer was relatively more diurnal. 
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Titolo: Laterality in a bimanual coordinated extractive foraging task by wild capuchin monkeys 
 
Riassunto: Bimanual coordination is considered a crucial factor in the evolution of manual lateralization. 
Experimental tasks requiring the simultaneous and coordinated use of both hands have been proven to 
induce hand preferences at a population level in many nonhuman primate species tested in captive 
settings. Unfortunately up to date, very little research has been carried out on laterality for bimanual 
coordination in the wild. In particular, platyrrhine species have received virtually no attention for 
bimanual coordinated behaviors in natural settings. We assessed hand preference in an extractive 
foraging task entailing bimanual dexterity by wild bearded capuchin monkeys (Sapajus libidinosus) living 
in the Sertão region of North East Brazil. These monkeys are highly manipulative extractive foragers, 
which regularly exploit embedded food resources. Twenty-two individuals were filmed during the 
consumption of four different nut species for four months. A detailed video-coding analysis was 
conducted on their hand movements to extract the kernel(s) from nuts. The amount of bimanual 
coordinated actions varied depending on the nut species, whereas the hand preference pattern did not 
differ among nuts. Overall, most individuals were lateralized and, as a group, capuchins significantly 
preferred their right-hand fingers for extracting the kernel, thus suggesting a specialization of the left 
hemisphere for fine fingers movements. The comparison with captive capuchins previously tested at the 
Primate Center of the Italian National Research Council (CNR) with an experimental bimanual 
coordinated task revealed that the direction of the preference did not differ between wild and captive 
individuals, though the latter tended to use their preferred hand more consistently. Our findings are in 
line with a growing body of evidence suggesting that bimanual coordination might have played a major 
role in the evolution of limb preference for motor action in primates and suggest that the study of 
coordinated bimanual behaviors in natural settings may provide a valuable contribution to the 
understanding of manual laterality in these species. 
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Titolo: HOW DO DOLPHINS SIGNAL THEIR MOTIVATION TO PLAY? 
 
Riassunto: Play is a widespread behaviour across mammals. This peculiar behaviour is often punctuated 
by specific strategies that animals adopt to communicate their playful motivation to others. Bottlenose 
dolphins (Tursiops truncatus) are marine mammals that show a high propensity to play at every age. For 
this reason, this species is an excellent model to study communication during play. Due to the difficulty 
of gathering data in the wild and management needs in the controlled environments, many aspects of 
dolphin behaviour remain challenging. Here, we investigated the playful contexts during which two 
different visual displays are emitted (the open mouth and the production of bubbles) in a group of 11 
bottlenose dolphins (6 males, 5 females) hosted at Zoomarine, Rome, Italy. The overarching aim of this 
study was to evaluate the possible communicative roles of these two visual patterns. Via frame-by-
frame video analysis, we extracted 1218 play sessions (303 intraspecific sessions, 361 interspecific 
sessions, 52 locomotor/acrobatic solitary sessions, and 502 object play solitary sessions). A total of 1132 
open mouth events (from 9 subjects) and 835 bubble events (from 11 subjects) were recorded. We 
found that these two visual displays were emitted under different playful contexts. The open mouth was 
rarely emitted during solitary play and tended to increase during social play, reaching its maximum 
during intraspecific play. This finding indicates the interactive nature of this facial display that strongly 
recalls the results obtained for the play face in primates and social carnivores. A different result was 
found for the production of bubbles whose frequency peaked during solitary play and tended to 
decrease under social situations, indicating that this display might not have an immediate and 
interactive communicative function.  
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Titolo: Do captive fish need cognitive enrichment? A study with a foraging problem-solving task 
 
Riassunto: Some animal species might be hardwired to perform cognitive tasks and solve problems 
during foraging due to their evolutionary history. Providing similar cognitive enrichment in the housing 
conditions might be a useful approach to increase the welfare of captive animals. In line with this idea, 
most of the species investigated so far (mammals and birds) displayed a marked preference towards 
problems and complex foraging situations versus freely available foraging opportunities. We currently 
do not know whether this holds true for the group of vertebrates with the highest number of individuals 
breed in captivity, the teleost fish. In our study, we exposed the poeciliid fish guppy to the choice 
between foraging on freely available food (as in normal housing conditions) and on an enriched foraging 
context in which they have to solve a problem, i.e., removing a small obstacle that hid the food. If 
guppies benefit from the foraging enrichment, they were expected to display some interest in solving 
the foraging problem in spite of the freely available food. Our results indicated that most of the subjects 
quickly learned to solve the problem. Generally, the guppies preferred to first consume the freely 
available food. However, in approximately 20% of the trials, the guppies spontaneously tackled the 
foraging problem before consuming the free food, suggesting at least a modest interest for the cognitive 
enrichment. Interestingly, male guppies displayed much lower propensity to first solve the foraging 
problem (males: 11%; females: 24%). Moreover, females usually solved the foraging problem even after 
consuming the freely available food whereas males did not so. Because males proved to consume two 
freely available food sources in a control test, we speculate that females (but not males) have been 
selected to ‘go the extra mile’ to obtain additional food. Overall, our study indicates that developing 
cognitive enrichments might improve welfare in captive fish, although this strategy might have a 
different effectiveness in the two sexes. 
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Titolo: Early social interactions with face-like stimuli enhance proto-arithmetic abilities in new-born 
domestic chicks 
 
Riassunto: Non-human animals master a variety of number skills. Day-old chicks (Gallus gallus) 
performed proto-arithmetic calculations in the small (1 vs. 2 and 2 vs. 3) and large (6 vs. 9 and 5 vs. 10) 
numerical range, but experience difficulty in discriminating 3 vs. 4. Previous studies have demonstrated 
that 3 vs. 4 discrimination can be facilitated by the presence of distinctive features that enhance object 
individuation due to individual processing. The aim of this study was to explore the effects of face-like 
stimuli on the proto-arithmetic comparison 1+1+1 vs. 1+1+1+1, in days old domestic chicks. In 
Experiment 1, chicks (n=14) were reared and tested with seven individually different face-like displays; 
in Experiment 2, a new group of chicks (n=15) was reared with seven identical copies of a face and 
tested with seven copies of a novel face; in Experiment 3, new chicks (n=15) were reared with seven 
copies of a same face and then tested with seven all different and novel faces; in Experiment 4, a new 
group of chicks (n=15) was reared with featureless outlines and tested with seven different faces. Chicks 
successfully discriminated 3 vs. 4 in Experiment 1 (prob(1) = 0.596, SE = 0.029, z = 3.207, p = 0.001) and 
Experiment 3 (prob(1) = 0.586, SE = 0.034, z = 2.441, p = 0.015), but failed in Experiment 2 (prob(1) = 
0.507, SE = 0.033, z = 0.203, p = 0.84) and Experiment 4 (prob(1) = 0.537, SE = 0.288, z = 1.269, p = 
0.204). This evidence supports the importance of individual processing in numerical performances and 
the relevance of precocious experience with a single face-like stimulus in favouring successive individual 
discrimination of new face-like displays. Overall, our study supports the hypothesis that early exposure 
to facial features enhances individual processing and promotes proto-arithmetic calculations. 
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Titolo: Impact of task-irrelevant auditory information on a visual rate categorization task 
 
Riassunto: Successful discrimination of sensory information often depends on the ability to integrate 
inputs across sensory modalities. In the brain, recent evidence demonstrated that primary sensory 
regions, traditionally considered unisensory, participate in multisensory processing. For instance, mouse 
V1 neurons were shown to encode the temporal congruency of audiovisual stimuli. Yet, the perceptual 
role of multisensory interactions in the sensory cortex remains unexplored at the behavioral level. We 
thus designed an audiovisual task and trained rats to make a decision based on the temporal frequency 
(TF) of outward-moving circular gratings, paired with a fixed-amplitude sound. To explore the impact of 
auditory information on visual perception, we then introduced amplitude modulation to the sounds, 
delivering both temporally congruent and incongruent audiovisual stimuli. Although rats were not 
explicitly trained to judge the rate of the acoustic feature, the psychometric curves revealed higher 
sensitivity to the TF of the visual stimuli when paired with rate-changing sounds, compared to fixed-
amplitude sounds. Surprisingly, this sharpening was independent of the temporal coherence of the 
visual and the auditory features. By contrast, rats reacted faster when visual stimuli were paired with 
fixed-amplitude compared to temporally-modulated sounds. Our data suggest that information about 
task-irrelevant but behaviorally-salient sounds are reflexively routed to early visual areas, where it 
spontaneously facilitates the detection of visual events. Our experimental approach can thus pave the 
way to the investigation of the functional impact of auditory inputs over visual cortical representations, 
mediated by well-established cortico-cortical connections. 
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Titolo: Chicory roots as antidote to spaceflight-induced chronic stress 
 
Riassunto: During future long-duration space missions, astronauts will experience prolonged 
confinement and isolation and will be exposed to environmental and psychosocial stressors that may 
impair physiological stress reactions, psychological functioning, and neuropsychological capabilities. To 
favour the success of these missions, it is critical to minimise the potential consequences on the well-
being of crewmembers. In this respect, the use of prebiotics may be a promising approach. Prebiotics, 
such as fructans, are selectively fermented by the intestinal bacterial flora whereby they positively 
orient the composition of the gut microbiota; besides, their degradation products (short-chain fatty 
acids) are released into blood circulation, thus affecting also distant organs, including the brain. Here we 
tested whether, in C57/BL6 male mice, daily consumption of chicory roots (fructans content about 46% 
of dry weight) prompts the recovery of stress-related behavioural and physiological alterations induced 
by chronic exposure to corticosterone (35 μg/ml through drinking water). After 4 weeks of prebiotic (vs. 
control) diet and 3 weeks of corticosterone (vs. control) solution, mice underwent, during the following 
5 weeks, a series of tests mapping onto cognition, attention, memory, motivation, emotionality, sociality 
and hormonal stress reactivity. As expected, corticosterone induced detrimental effects on multiple 
behavioural domains, producing an impairment of cognitive and mnemonic performances and executive 
functions, an increase in anxiety, a decrease in motivation and a progressive increment in body weight. 
The consumption of chicory roots was able to reverse the impact of chronic stress, improving cognitive 
abilities, reversing deficits in attentional and decisional capabilities, increasing motivation and 
containing the stress-related body weight gain. In some instances, the beneficial role of the fructans-
based dietary intervention was also observed in control mice that did not show stress-induced 
alterations. Collectively, our data indicate that vegetables with prebiotic value can represent a valid aid 
to support astronauts' performances but also to maintain psychophysical well-being in the general 
population. Specifically, our findings provide a basis for future efforts to optimize the cultivation of 
prebiotic-rich vegetables within bioregenerative life support systems to counteract the 
psychophysiological effects resulting from prolonged isolation and confinement and nurture a beneficial 
gut microbiome during long-duration human expeditions into outer space. 
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