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SUMMARY 

Rats live in groups and engage in a wide range of social behaviors. This thesis focuses 

on two key aspects of social behavior – the social influence on food preferences and 

communication – and their impact on decision-making. 

We investigated social influences on food choices using an adaptation of the socially 

transmitted food preferences (STFP) paradigm. In this task, an observer rat develops 

a preference for an initially non-preferred food after detecting its odor on the breath 

of another rat, known as the demonstrator. First, we proved that the nucleus 

accumbens shell (NAcSh), a brain region central to reward processing and motivation, 

is essential for STFP acquisition. We then examined the role of oxytocin (OXT), a 

key modulator of social behavior, in STFP by assessing the effects of systemic OXT 

administration. Additionally, we included familiarity with the demonstrator (known 

or novel) as a variable that modified the strength of preference change. Our findings 

indicate that STFP is shaped by OXT, familiarity, and their interaction.  

In addition, we investigated ultrasonic vocalizations (USVs), a form of vocal 

communication in rats, and their subtypes in different contexts. To this end, we 

designed a novel paradigm that juxtaposed social and non-social rewards. Our results 

revealed a trade-off between social interaction and sucrose consumption, with 

preference for sucrose increasing as the sugar concentration rose. Rats produced 

significantly more USVs during social interaction. However, vocalization patterns did 

not fully align with behavioral preferences, indicating that USVs reveal additional 

information beyond choice behavior.  

Taken together, these findings highlight the salience of social interactions in rats, 

which are processed and modulated by distinct neural mechanisms in a context-

dependent manner. Moreover, USV analysis offers a powerful tool for deepening our 

understanding of how social information is integrated into decision-making.  

With this work, I hope to make a small but meaningful contribution to the vast field 

of social neuroscience, helping to develop tools that deepen our understanding of 

human interactions and improve social dynamics. 
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ZUSAMMENFASSUNG 

Ratten leben in Gruppen und zeigen ein breites Spektrum an sozialen 

Verhaltensweisen. Die vorliegende Dissertation konzentriert sich auf zwei 

Schlüsselaspekte dieses Sozialverhaltens – den sozialen Einfluss auf 

Nahrungspräferenzen und Kommunikation – ebenso wie deren Auswirkungen auf die 

Entscheidungsfindung.  

Wir untersuchten den sozialen Einfluss auf die Nahrungsauswahl mit Hilfe einer 

Adapation des socially transmitted food preference (STFP)-Paradigmas. Bei dieser 

Aufgabe entwickelt eine Ratte, der Beobachter, eine Präferenz für ein zunächst nicht 

bevorzugtes Futter, nachdem sie dessen Geruch im Atem einer anderen Ratte, dem 

sogenannten Demonstrator, wahrgenommen hat. Zunächst wiesen wir nach, dass der 

Nucleus accumbens shell (NAcSh), eine für Belohnungsverarbeitung und Motivation 

zentrale Hirnregion, für den STFP-Erwerb essenziell ist. Anschließend untersuchten 

wir die Rolle von Oxytocin (OXT), einem wichtigen Modulator des Sozialverhaltens, 

im STFP, indem die Auswirkungen einer systemischen OXT-Verabreichung 

analysiert wurde. Darüber hinaus haben wir die Familiarität des Beobachters zu dem 

Demonstrator (bekannt oder fremd) als eine Variable einbezogen, die die Stärke der 

Präferenzänderung beeinflusst. Unsere Ergebnisse deuten darauf hin, dass STFP 

durch OXT, Familiarität und deren Interaktion beeinflusst wird.  

In der dritten Studie untersuchten wir eine Form der vokalen Kommunikation bei 

Ratten, die Ultraschallvokalisationen (USVs), und ihre Subtypen in verschiedenen 

Kontexten. Dafür entwarfen wir ein neuartiges Paradigma, das soziale und nicht-

soziale Belohnungen gegenüberstellte. Unsere Ergebnisse zeigten einen Kompromiss 

zwischen sozialer Interaktion und Konsum einer Zuckerlösung, wobei die Präferenz 

für diese mit steigender Zuckerkonzentration zunahm. Ratten produzierten signifikant 

mehr USVs während sozialer Interaktion. Die Vokalisierungsmuster stimmten jedoch 

nicht vollständig mit den Verhaltenspräferenzen überein, was darauf hindeutet, dass 

USVs zusätzliche Informationen über das Wahlverhalten hinaus offenbaren. 

Zusammenfassend unterstreichen diese Ergebnisse die Bedeutung sozialer 

Interaktionen bei Ratten, die durch verschiedene neuronale Mechanismen in einer 
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kontextabhängigen Weise verarbeitet und moduliert werden. Darüber hinaus bietet die 

USV-Analyse ein leistungsfähiges Instrument unser Verständnisses zu vertiefen, wie 

soziale Informationen in die Entscheidungsfindung integriert werden.  

Ich hoffe, mit dieser Arbeit einen kleinen Beitrag zum weiten Feld der sozialen 

Neurowissenschaften leisten zu können und zur Entwicklung von Methoden 

beizutragen, die unser Verständnis von menschlichen Interaktionen vertiefen und die 

soziale Dynamik verbessern. 
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INTRODUCTION 

We live in a highly connected world in the age of social networking. Our desire for 

social interaction has driven technological development to see and talk to each other 

instantly from opposite sides of the world. Our desire for social information has 

popularized its use. New jobs focused on communication have emerged, including 

influencers who share their lifestyle, influencing followers' preferences in food, 

music, clothing, travel, and more. This rapid change we have seen in the last years has 

its roots in an intrinsic human drive: social contact. 

The study of human social behavior and motivation is an expanding field (Stanley & 

Adolphs, 2013), necessarily complemented by animal research. Animal models are 

fruitful tools that provide valuable insights into human psychology and neuroscience 

(Kalenscher & van Wingerden, 2011; Necka et al., 2015). They enable the direct 

manipulation of brain structures homologous to those implicated in human social 

behaviors, allowing for a more precise investigation of underlying neural mechanisms 

(Kalenscher & van Wingerden, 2011). In this thesis, we use rats as an animal model 

to investigate the rewarding effects of social interaction. Rats are particularly well-

suited for this research due to their naturally complex social organization. In the wild, 

they live in mixed-sex colonies that can reach more than 150 members including 

multiple generations (Schweinfurth, 2020). Empirical evidence has demonstrated that 

rats display social behaviors such as helping others in distress (Bartal et al., 2011). 

Additionally, they show prosocial biases – defined as choices that benefit others but 

not oneself (Hernandez-Lallement et al., 2015; Márquez et al., 2015) – and reciprocal 

interactions, in which individuals alternately help each other access food 

(Schweinfurth, 2020).  

This thesis aims to expand our understanding of the rewarding nature of social 

interactions in rats and their neural basis by investigating the following questions: 

1. Study I: Rats' food preferences are influenced by other rats (Galef et al., 1984). 

To investigate this phenomenon, we adapted the socially transmitted food 

preferences (STFP) paradigm. In this adaptation, the observer rat first establishes 

individual food preferences. Next, the observer interacts with a demonstrator rat 
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that has recently consumed the observer’s non-preferred food. Immediately 

afterward, the observer adjusts its food preferences influenced by the social 

interaction. Several brain regions involved in reward and social cue processing 

contribute to STFP. In this study, we lesioned the nucleus accumbens shell 

(NAcSh) in observer rats to assess its specific role in this process. 

2. Study II: STFP may be influenced by the familiarity between the observer and the 

demonstrator, that is, whether they know each other (Agee et al., 2019; Galef et 

al., 1984; Galef & Whiskin, 2008b). Therefore, we examined the effects of 

familiarity and investigated whether oxytocin (OXT) modulates this influence, 

given its established role in social recognition (Choleris et al., 2009; Oettl et al., 

2016; Popik et al., 1992). 

3. Study III: Rats show motivation for social interaction and sucrose consumption 

(Ikemoto & Panksepp, 1992; Kirkman et al., 2022). We aimed to assess how they 

allocate time between these two stimuli presented simultaneously on opposite 

sides of a maze. This task allowed us to determine the value assigned to social 

stimuli relative to sucrose reward. These rewarding experiences elicited ultrasonic 

vocalizations (USVs), a key form of rat communication (Brenes & Schwarting, 

2014; Brudzynski, 2015; Burgdorf et al., 2008), and we evaluated the relationship 

between these vocalizations and their choices. 

Beyond the social component, which serves as the backbone of this thesis, our 

research questions share two fundamental concepts: reward valuation and motivation. 

Neither reward valuation nor motivation can be measured directly. Yet in scientific 

literature, they are usually analyzed using decision-making paradigms. Motivation 

and valuation are often inferred from the effort a rat is willing to make to obtain a 

reward or by the rat's choice between two rewards, assuming that the one chosen is 

more valued and therefore more motivating. Traditionally, reward value and 

motivation are manipulated by changing magnitude or introducing effort or time 

delays (Bissonette et al., 2013; Chong et al., 2016; Roesch & Bryden, 2011; Tang et 

al., 2016). In this thesis, however, the first two studies investigate how social 

information modifies food reward value, while the third uses a decision-making task 

that juxtaposes social vs. caloric rewards. Social stimuli have the capacity to either 



13 
 

enhance the value of a non-social reward or compete with it (van Gurp et al., 2020; 

Yates et al., 2013). Thus, the core of this thesis lies in exploring how social stimuli 

influence rats' decision-making. 

1. Mechanisms of social and non-social reward processing 

Rats continuously encounter and evaluate alternative rewards within their 

environment, acquiring knowledge about them. They assigned relative values to 

familiar rewards to make choices and display preferences. Over time, rats dynamically 

adjust these reward valuations in response to a combination of changing internal and 

external factors. Internal factors may include physiological states such as hunger or 

the need for social contact, while external factors include environmental changes, such 

as reduced resource availability (Burke et al., 2014; Dwyer et al., 2017; Huh et al., 

2009; Piet et al., 2018; S. R. White et al., 2024). This ongoing updating of reward 

values, mediated and complemented by various cognitive processes, facilitates 

adaptive choices and promotes survival in dynamic ecological contexts. Such updates 

can occur through direct experience or social learning (Heyes, 1994; Reader, 2016; 

Zentall, 2006). In the latter case, information is acquired by observing demonstrators 

or detecting their byproducts, including scent marks, excrement, or behavioral outputs 

(Heyes, 2012). 

A substantial body of research in humans and non-human mammals supports the idea 

that psychological and neural mechanisms underlying social learning are analogous 

to non-social learning (Heyes, 1994, 2012; Joiner et al., 2017). For instance, it has 

been hypothesized that species with high non-social cognitive capacities should show 

similar levels of social capacities and vice versa, a hypothesis supported by empirical 

data (Heyes, 2012). This author argues that the distinction lies not in the learning 

processes themselves but in the nature of the input. However, other studies have 

indicated the presence of specialized neural mechanisms that have evolved to facilitate 

learning from conspecifics (Galef, 2012; Gariépy et al., 2014; Insel & Fernald, 2004). 

Human data also suggests subregional differences (Tso et al., 2018). Yet these 

differences can range from being separated brain regions to subcircuits situated in 

close proximity (Behrens et al., 2008; Klein & Platt, 2013; Watson & Platt, 2012). 
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Despite their initial presentation as antagonistic theories, these perspectives are not 

fully incompatible. Social information is biologically relevant for rats, leading to 

extensive processing of social cues. Specialized social-processing subcircuits can 

develop ontogenetically due to highly social contexts but might not be encoded 

phylogenetically. Social learning presents advantages in changing environments, 

where genetic change is too slow, and individual learning is too costly (Reader, 2016). 

1.1. Mesolimbic dopaminergic system   

Certainly, specific neural subcircuits selectively process social information, yet the 

mesolimbic dopaminergic system is key in encoding any form of reward value (Fig. 

1, Bromberg-Martin et al., 2010; Lammel et al., 2014; Schultz, 2013). The system 

originates in the ventral tegmental area (VTA) and projects to the amygdala, ventral 

pallidum (VP), hippocampus, and nucleus accumbens (NAc). These interconnected 

regions collectively contribute to the processing of rewards, motivation, and context-

dependent behavior (Albanese & Minciacchi, 1983; Domesick, 1988; Hamilton et al., 

2010; Ikemoto, 2010; Yim & Mogenson, 1983). Nevertheless, I will highlight the key 

functional role of each of these regions in the following paragraphs. 

The amygdala integrates sensory information and is equipped to detect salient stimuli 

(Uwano et al., 1995), modulate motivation, and increase arousal to facilitate a 

response through its connections with other regions (Baxter & Murray, 2002; Janak 

& Tye, 2015; Phelps & LeDoux, 2005). Although traditionally associated with fear 

processing, the basolateral amygdala (BLA) is essential for encoding associative and 

motivational significance of rewards and dynamically updating their value based on 

context (Janak & Tye, 2015; Murray, 2007). Beyond associative learning, the BLA is 

implicated in reinforcement learning by encoding the positive or negative valence of 

stimuli, shaping emotional states, and driving appropriate behavioral responses. 

However, the BLA is not essential for the general processing of rewards, such as stable 

food preferences (Baxter & Murray, 2002). In conclusion, concerning the subject of 

this thesis, the BLA plays a pivotal role in dynamically mediating the relative and 

context-dependent value of rewards and outcomes, as well as in encoding the 
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emotional significance of rewards and punishments, guiding adaptive behavioral 

responses (Baxter & Murray, 2002; Grace et al., 2007; Janak & Tye, 2015).  

The VP is a key output node of the mesolimbic dopaminergic system. It processes 

both positive and negative valence, with some neurons responding to rewards and 

others to aversive stimuli. These responses depend on inputs from the NAc and other 

regions (Richard et al., 2016), helping the VP balance motivation and pleasure 

(Berridge & Kringelbach, 2015). In turn, the VP sends outputs to the thalamus and 

motor areas, transmitting motivational and hedonic signals (Richard et al., 2016; K. 

S. Smith et al., 2009; Zahm, 2000). Through its connections, the VP integrates diverse 

inputs to regulate motivation and the pursuit of rewards. 

Although the hippocampus is not a component of the mesolimbic dopaminergic 

system, it plays a critical modulatory role in learning, memory, and contextual 

processing (Jarrard, 1993; D. M. Smith & Mizumori, 2006). Its connections with the 

VTA and NAc enable the detection of novelty and the association of rewards with 

environmental context (Lisman & Grace, 2005). These interactions ensure that 

rewards are properly linked to situational factors, enhancing the adaptability of 

behavioral responses. 

While the prefrontal cortex (PFC) is neither a direct component of the mesolimbic 

dopaminergic system, it plays a crucial integrative role in evaluating and synthesizing 

information from this system to guide decision-making and goal-directed behaviors. 

The PFC projects to the NAc and the VTA, forming bidirectional connections with 

the last (Carr & Sesack, 2000; Gorelova & Yang, 1996; Hou et al., 2024). These 

pathways modulate reward processing and motivated states by integrating 

dopaminergic signals with cortical processing (Carr & Sesack, 2000). In fact, reward-

related processes are distributed across PFC subregions: the orbitofrontal cortex 

prevents impulsivity and the anterior cingulate cortex encodes action-reward 

associations contributing to effortful behavior (Rudebeck et al., 2006; Walton et al., 

2003). By integrating higher-order cognition with reward processing, the PFC enables 

context-dependent, adaptive behavior through its coordination with connected 

regions. 
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Finally, the NAc is proposed to act as an integrative hub in the mesolimbic 

dopaminergic system, incorporating goal-directed information from the PFC, 

contextual inputs from the hippocampus, and emotional salience from the amygdala. 

Dopaminergic input from the VTA enhances its ability to assign motivational 

salience, ultimately influencing motor planning and action execution through its 

outputs to the VP and midbrain. By integrating these reciprocal connections, the NAc 

is ideally positioned to translate motivation into action (Goto & Grace, 2005; Kalivas 

& Nakamura, 1999; Mogenson & Yang, 1991). Therefore, in study I we hypothesized 

that NAc is essential for STFP. Specifically, we lesioned the NAcSh, a subregion that 

integrates relative reward value, hedonic value, and motivational signals with rewards 

among other functions (Jang et al., 2017; Katsuura & Taha, 2014; Peciña & Berridge, 

2005; Saddoris et al., 2013; Wyvell & Berridge, 2000).

Figure 1. Schematic representation of the rat’s amygdala, ventral pallidum (VP), 

hippocampus, nucleus accumbens (NAc), and prefrontal cortex (PFC).

1.2. Dopamine

As its name suggests, the mesolimbic dopaminergic system relies on dopamine (DA) 

as a critical neurotransmitter involved in reward processing and motivation. Initially, 

the first recognized function of DA was its role in the regulation of motor activity, 

particularly in relation to Parkinson's disease (Hornykiewicz, 1966). Later, Fibiger

and Phillips (1979) demonstrated DA’s role in reinforcement, showing that it was 
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necessary for intracranial self-stimulation of the VTA and NAc. Their findings 

contributed significantly to establishing DA’s importance within the reward system. 

Supporting these findings, Salamone and Correa (2002) reviewed evidence indicating 

that administration of DA antagonists in rats significantly reduced their motivation to 

exert effort for rewards. This evidence stresses the role of DA in motivation beyond 

motor activity, suggesting that DA is essential for the motivation to pursue rewards 

rather than just consumption. Building on these ideas, Berridge and Robinson (1998) 

further clarified DA's role in reward processing. They postulate that DA does not 

mediate pleasure or "liking" of reward but instead signals the incentive salience or the 

"wanting" of reward. This distinction highlights that DA drives the motivational 

aspect of seeking rewards, while other systems, such as OXT and endocannabinoids, 

are involved in the hedonic response once the reward is consumed. Furthermore, 

Berridge's research suggests that DA is involved in learning and updating the value of 

rewards over time. This updating process is influenced by other neurochemicals, 

which help solidify the value of a reward based on experience (Berridge & 

Kringelbach, 2015). 

Schultz and colleagues (1997) made a major contribution to the understanding of the 

mesolimbic dopaminergic system by showing how DA neurons, particularly those in 

the VTA, respond to reward prediction errors. Their findings revealed that DA 

neurons increase their firing when an outcome is better than expected and decrease 

firing when an outcome is worse than expected. When the reward is exactly as 

predicted, DA neurons remain stable. This process, known as reward prediction error 

signaling, is critical for learning and updating expectations about rewards. Thus, DA 

plays a key role not only in motivating effort toward rewards but also in updating the 

value of rewards when new information arises. It acts as a driver of motivation and a 

signal for learning about reward contingencies (Roitman et al., 2004; Salamone & 

Correa, 2002; Syed et al., 2015). 

 

This thesis addresses key research questions concerning reward value and motivation. 

Specifically, study I focused on impairing the NAcSh to demonstrate its pivotal role 
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in integrating social information into the valuation of food rewards. This work 

highlights the role of the mesolimbic dopaminergic system, and concretely the 

NAcSh, to mediate complex motivational and reward-driven behaviors, advancing our 

understanding of its function. 

1.3. Oxytocin and social information 

The social component of rat behavior forms the spinal cord of this thesis, as 

highlighted at the beginning of the introduction. OXT is a neuropeptide essential for 

various social-specific functions, including pair bonding, maternal care, and social 

recognition (Keebaugh et al., 2015; Oettl & Kelsch, 2018; Young et al., 1998). 

Originally, OXT was identified for its roles in reproduction and maternal behaviors 

(Higuchi et al., 1986; Wakerley et al., 1990). In male bulls, OXT is released into the 

bloodstream after ejaculation, indicating a role in sexual function (Sharma & Hays, 

1973). The first central infusion of OXT into the brain demonstrated its capacity to 

stimulate maternal behavior in female rats, highlighting its central neuromodulatory 

effects (Pedersen et al., 1982; Pederson & Prange, 1979). From these investigations 

on, more socially complex functions have been identified. 

Currently, it is known that OXT is synthesized in the paraventricular and the 

supraoptic nuclei of the hypothalamus projecting to several other brain areas and the 

posterior pituitary gland, where it is subsequently released peripherally (Anacker & 

Beery, 2013; Gimpl & Fahrenholz, 2001). The oxytocinergic projections from the 

hypothalamic paraventricular nucleus extend to areas critical for social and emotional 

processing, such as the NAc, amygdala, and PFC. Nevertheless, OXT’s functionality 

depends primarily on the distribution of its receptors, which varies among rodent 

species (Anacker & Beery, 2013; Insel & Young, 2001). For example, prairie voles, 

known for their monogamous behavior, have higher OXT receptor densities in the 

prelimbic cortex and NAc compared to non-monogamous montane voles. These 

receptor distributions are thought to underpin differences in social organization, as 

OXT in the NAc facilitates pair-bonding behaviors (Keebaugh et al., 2015; Liu & 

Wang, 2003; H. E. Ross et al., 2009; Young et al., 1998). Furthermore, OXT in this 

region interacts with the dopaminergic system, with the DA D2 receptors promoting 
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partner formation and DA D1 receptors maintaining established bonds (Aragona et 

al., 2006; Liu & Wang, 2003; Romero-Fernandez et al., 2013). Strikingly, Bosch 

(2016) has shown that the OXT system in prairie voles can be affected by social 

changes such as partner loss. In addition, the distribution of OXT receptors can change 

rapidly in montane voles too, increasing their density following parturition to allow 

temporary affiliative behavior (Insel & Shapiro, 1992). The role of OXT in encoding 

social reward is not exclusive to voles, demonstrating a conserved function across 

mammalian brains. For instance, research in mice has demonstrated that OXT and 

serotonin in the NAc are necessary to encode social reward (Dölen et al., 2013). 

OXT in rodents is primarily released during social interactions (Lukas et al., 2013; 

Salvi et al., 2018). In olfactory regions, the suppression of OXT receptors selectively 

disrupts social recognition while preserving the recognition of non-social odors in 

mice (Oettl et al., 2016). Likewise, experimental manipulations of OXT have been 

shown to modulate social recognition without affecting non-social memory (Choleris 

et al., 2009; Ferguson et al., 2000, 2001; Oettl et al., 2016; Popik et al., 1992). Socially 

specific OXT functions extend to learning processes, as OXT appears to modify social 

information at each stage, from perception to memory, in order to facilitate adaptive 

behavior (Salvi et al., 2018). Therefore, familiarity with a conspecific – the 

recognition of the other – is significantly influenced by OXT. 

The functions of OXT are not limited to (positive) social interactions; they also 

encompass stress regulation. As previously stated, partner loss in prairie voles resulted 

in alterations to the OXT system, increasing depressive-like behavior. However, OXT 

infusions into the striatum showed preventive effects (Bosch et al., 2016). The 

phenomenon of social buffering, which refers to the reduction of stress responses in 

the presence of conspecifics, often relies on oxytocinergic mechanisms. For instance, 

an OXT antagonist infused into the anterior cingulate cortex, an empathy-related 

region, prevented comforting a familiar in distress in prairie voles (Burkett et al., 

2016). There is evidence to suggest that OXT has an anxiolytic and antidepressant 

effect, typically driven by the presence or actions of a conspecific (Li et al., 2019; 

Martinetz et al., 2019). Accordingly, anxiety and depressive behaviors were reduced 

after OXT administration (Han et al., 2018; Slattery & Neumann, 2010). Nevertheless, 
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OXT was also released as an early response to stressors in the absence of a familiar 

conspecific; whether the function of this mechanism is to seek social support remains 

an unresolved question (Salvi et al., 2018). 

This thesis employs two tasks related to feeding behavior. Therefore, it is necessary 

to account for the anorexigenic effects of OXT, which reduces food intake, 

particularly carbohydrate consumption, in rats (Herisson et al., 2014; Olszewski et al., 

2010). However, the paradigms commonly used to demonstrate OXT's impact on food 

intake, motivation, and seeking behavior test isolated rats (Wald et al., 2020). In nature 

though, food is mostly consumed in social environments (Inglis et al., 1996). Herisson 

et al. (2016) showed that a social setting prevents intra-accumbens OXT effects on 

food intake: OXT-injected rats placed in a cage allowing partial interaction with a 

conspecific ate as much as those injected with saline. The authors propose that social 

interaction triggers OXT release in the NAc, subsequently down-regulating OXT 

receptors expression, and as a result, NAc OXT infusions have null effects due to the 

low OXT receptors availability. OXT release after interaction is a mechanism 

observed across species (Crockford et al., 2013; Jurek & Neumann, 2018). 

Considering scientific literature, OXT is a compelling candidate for addressing the 

questions raised in this thesis. Therefore, we tested the influence of OXT on the STFP 

paradigm. Given OXT’s critical role in signaling social recognition and promoting 

bonding, we included a familiarity factor in the experimental design of study II. We 

predicted that familiarity with the demonstrator (known or novel) would lead to 

differential outcomes modulated by OXT, providing insights into the mechanisms 

underlying socially transmitted food preferences in rats. 

2. Socially transmitted food preferences paradigm 

Rats rely on social information from conspecifics to guide their behavior just like 

many other social species (Allen, 2019; Galef, 2012). Thus, food choices are not only 

based on individual experiences but also incorporate observations of others’ feeding 

behavior. The STFP paradigm, originally introduced by Galef and Wigmore (1983), 

establishes this naturalistic form of social learning in laboratory settings. In the 

adaptation of the STFP task carried out in this thesis (Fig. 2), observer rats revealed a 
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preference for one of two flavored food items. After interacting with a demonstrator 

rat that consumed the non-preferred food, observers typically increased their 

consumption of the demonstrated food. This phenomenon displays a socially driven 

revaluation of food preferences.

Figure 2. Schematic representation of the socially transmitted food preferences (STFP) 

protocol used in this thesis. Over three days, the observer rat (white) reveals a preference for 

one of two food types: grape- or banana-flavored sugar pellets. On the fourth day, the observer 

interacts with a demonstrator rat (gray) that has been fed the non-preferred food. Immediately 

after this interaction and on the following day, the observer is given access to both food types 

to reassess its preferences.

Decades of research on the STFP paradigm have built our understanding of this 

behavior. Crucially, the acquisition of socially transmitted preferences requires 

exposure to food odor combined with the presence of carbon disulfide – a chemical in 

rats' breath – rather than exposure to food odor alone (Galef et al., 1988). Importantly, 

this behavior is robust across various conditions, such as the observer’s motivational 

state (food-deprived or fed ad libitum) and the demonstrator’s health or age. Food 

preferences are transmitted even from anesthetized demonstrators, which highlights 

the critical role of olfactory cues, particularly in the breath (Galef et al., 1984; Galef 

& Wigmore, 1983). Still, the STFP phenomenon is not a simple recency effect; 

instead, it reflects a complex decision-making process where rats integrate socially 

acquired information into their existing preferences. Although food preference 



22 
 

transmission is generally robust under controlled settings, as summarized above, 

ecological contexts such as mutual influence during joint foraging or fluctuations in 

feeding schedules can modulate the extent of this behavior (Damphousse et al., 2019; 

Galef & Whiskin, 2004). This adaptability highlights the ecological relevance of 

social learning in rats. 

The adaptation of the STFP employed in this thesis is rooted in a previous design by 

Galef and Whiskin (2008a) to assess conformity, defined as the tendency to override 

personal knowledge with that of others. In their studies, the authors concluded that 

observer rats assign more value to social than individual information. This 

phenomenon has also been studied in humans. However, such studies have used 

alternative stimuli including music (Zaki et al., 2011) and facial attractiveness 

(Campbell-Meiklejohn et al., 2010). Nevertheless, they consistently report that 

preference changes correlate with activity in the ventral striatum, an evolutionarily 

conserved region that includes the NAc (Cartmell et al., 2019; Izawa et al., 2003). 

Indeed, Nook and Zaki (2015) showed that human group norms can shift individuals’ 

food preferences, with the NAc encoding revaluation rather than mere compliance. 

This aligns with findings in rats reported in study I, suggesting common mechanisms 

underlying social learning and conformity across species. 

Neurobiological studies on the STFP task in rodents have implicated multiple reward-

related brain regions previously discussed in this thesis. Specific subregions of the 

PFC, including the orbitofrontal (R. S. Ross et al., 2005; but see C. A. Smith et al., 

2010) and prelimbic cortices (Boix-Trelis et al., 2007; Gold et al., 2011; Portero-

Tresserra et al., 2013), play a crucial role in STFP. Additionally, the BLA is necessary 

to acquire socially transmitted food preferences (Carballo-Márquez et al., 2009; Y. 

Wang et al., 2006). However, despite extensive investigation, the role of the 

hippocampus remains a topic of debate (Alvarez et al., 2001; Clark et al., 2002; Thapa 

et al., 2014). Given the nature of the task, olfactory structures such as the anterior 

olfactory nucleus and the olfactory bulb are essential for acquiring food preferences 

from demonstrators’ breath (C. Y. Wang et al., 2020). Moreover, recent evidence 

suggests that the piriform cortex-to-mPFC-to-NAc network plays a role in both the 
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acquisition and expression of STFP in mice (Loureiro et al., 2019). This aligns with 

our hypothesis regarding the involvement of the NAcSh in this process. 

This body of work demonstrates the value of the STFP task for investigating the 

mechanisms of social learning and preference modification. In particular, the adapted 

version of the STFP is an optimal tool for studying how individual and social 

information are combined, rather than relying on one or the other, in guiding decision-

making, choices, and behavioral outcomes (Reader, 2016). 

3. Rats’ communication  

Rats communicate motivational states, emotional conditions, and physiological needs 

through the production of USVs (Brudzynski, 2013; Opiol et al., 2015). They use 

USVs as affective signals for social communication (Wöhr et al., 2015). Furthermore, 

USVs are heterogeneous, with specific subtypes being context-specific. For instance, 

the trill subtype is predominantly emitted during positive social interactions, whereas 

flat USVs are more commonly produced to initiate social contact or during feeding 

behavior (Mulvihill & Brudzynski, 2018; Wright et al., 2010). 

In early mammals, vocal signals are hypothesized to have played a critical role in 

mother-infant interactions, with offspring vocalizing to express needs. It has been 

suggested that, over time, this communication evolved and extended to other social 

contexts, including play and mating behaviors (Brudzynski, 2015). The transition 

from audible sounds to ultrasonic frequencies may have served as an adaptive 

strategy, potentially reducing the risk of detection by predators while enhancing 

communication among conspecifics. This evolutionary adaptation, along with others, 

is thought to have contributed to increased sensitivity to high-frequency sounds in 

rats, which signal arousal in both threatening and affiliative contexts. As 

communication facilitates cooperation and survival, USVs likely evolved in response 

to the selective pressures associated with social living (Kolacz et al., 2018). 

USVs are sounds beyond the range of human hearing, typically between 20 and 100 

kilohertz (kHz). Adult rat USVs are classified into two categories based on their peak 

frequency and duration: 22-kHz and 50-kHz calls. 22-kHz calls are long (300-
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3,400ms) and their peak frequency range is 20-30kHz, as illustrated in figure 3 

(Brudzynski, 2013). These calls are predominantly emitted in aversive situations, 

reflecting negative emotional states such as fear, anxiety, or discomfort. For example, 

22-kHz calls are triggered by negative affective states related to pain, drug 

withdrawal, social defeat, or post-ejaculatory states in which they signal the 

termination of the sexual interaction (Barfield & Thomas, 1986; Berger et al., 2013; 

Brudzynski, 2013; Kroes et al., 2007; Oliveira & Barros, 2006). These calls are also 

associated with defensive behaviors, including hiding, highlighting their role as 

aversive signals (Inagaki & Ushida, 2021). 50-kHz calls, in contrast, are shorter (10-

150ms) and range between a frequency of 35-80kHz. Often referred to as "rat 

laughter", these calls are associated with positive emotional states (Panksepp & 

Burgdorf, 2000). In adults, 50-kHz calls facilitate the establishment of social 

hierarchies and sexual interactions. In juveniles, 50-kHz calls play a pivotal role in 

rough-and-tumble play. This form of play, characterized by simulating fighting, helps 

juveniles develop social and communicative skills (Burgdorf et al., 2008; Pellis et al., 

2018). As mentioned, further categorization of 50-kHz calls into subtypes, such as 

trills and flat calls, proves their context-specific functions, with certain subtypes 

linked to social play and others to non-social exploratory behaviors (Wright et al., 

2010).  

Although specific USV subtypes have been linked to certain behaviors, to the best of 

our knowledge, no study has examined the production of USV subtypes in a task 

where rats have free access to both social and sucrose rewards. In the task we 

developed in study III, rats can freely allocate their time interacting with an unknown 

juvenile rat or consuming sucrose water at 2%, 5%, or 10% concentrations. 

These vocalizations are underpinned by distinct neural circuits. Positive emotional 

arousal involves the mesolimbic dopaminergic system, particularly the VTA and 

NAc. DA release in the NAcSh is essential for 50-kHz call production and is linked 

to increased approach behavior and motivation (Brudzynski, 2013; Brudzynski et al., 

2018; Burgdorf et al., 2001). This system, extensively studied for its role in motivation 

and reward processing, is particularly relevant to our research, as the NAcSh was the 

primary target of study I. Conversely, negative emotional arousal engages the 
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mesolimbic cholinergic system, originating in the laterodorsal tegmental nucleus and 

projecting to regions such as the anterior hypothalamic-preoptic area and lateral 

septum. This system drives the production of 22-kHz calls during aversive states, 

including fear and anxiety (Brudzynski, 2013; Brudzynski et al., 2018). Additional 

brain regions, such as the amygdala and periaqueductal gray, further modulate USV 

production, linking them to context-specific emotional responses (Kroes et al., 2007; 

Parsana et al., 2012; Sadananda et al., 2008). 

Taken together, USVs are a quantifiable output with which we can further study 

complex social interactions. The evidence suggests that USVs are an intentional 

means of communication between rats to signal, for example, their willingness to 

initiate an interaction (Knutson et al., 2002). Thus, they can provide insight into social 

interactions that are complementary to the repertoire of unintentional social behaviors, 

usually analyzed on the basis of movement. 

 

Figure 3. Classification of adult rat ultrasonic vocalizations, including 22-kHz (aversive) and 

50-kHz (appetitive) calls. Representative spectrograms illustrate different call types, such as 
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short and long 22-kHz calls, flat 50-kHz calls, and frequency-modulated (FM) 50-kHz calls. 

Reprinted from Brudzynski (2013). 

 

3.1. Social-sucrose preference test 

The social-sucrose preference task was used in study III to evaluate differences in 

USV production by rats. The task involved rats freely dividing their time between two 

actions: consuming sucrose and interacting with an unfamiliar juvenile rat. The 

positions of each sucrose concentration and the juvenile were fixed in the arms of the 

X-shaped maze. In the first phase of the experiment, two of the three sucrose 

concentrations were presented to the subjects in each trial, allowing researchers to 

confirm through consumption behavior that the rats distinguished between sucrose 

concentrations. During the second phase, subjects were again allowed to freely 

explore two arms in each trial, with one arm providing access to a juvenile rat confined 

in a restrainer and the other offering sucrose consumption. 

USVs produced during the second phase were analyzed and correlated with the rats' 

choices. This task enabled the assignment of relative value to social stimuli as a 

function of sucrose concentration. Consequently, the study offers an in-depth view of 

USVs' context-dependent production and their role in reward communication. 

4. Overview of principal results 

The goal of this thesis is to contribute to the extensive neuroscientific literature and 

advance our understanding of the mechanisms underlying socialization, the influence 

of others on individual preferences, and their influences on communication in rats. 

Substantial evidence supports the translational value of neuroscientific findings from 

non-human mammals to humans, providing a foundational basis for further 

exploration (Kalenscher & van Wingerden, 2011; Necka et al., 2015). In study I, we 

demonstrated the critical role of the NAcSh in modifying prior individual preferences 

through the integration of social information. Study II investigated the multifaceted 

effect of OXT in this process. Contrary to our initial expectation, rats adjusted their 

preferences more significantly when the demonstrator was unfamiliar. Furthermore, 
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the effects of OXT depended on the dose and the familiarity with the demonstrator. 

Study III introduced a novel paradigm to assess preferences and vocalization patterns. 

We first confirmed that rats vocalize more frequently during interactions with juvenile 

conspecifics than when consuming sucrose water. Moreover, the total number of 

vocalizations and their subtypes did not fully correlate with behavioral preferences, 

indicating that USVs reveal additional, otherwise inaccessible information. The 

general discussion section of this thesis highlights these findings and explores their 

implications for current neural, psychological, and behavioral theoretical frameworks. 
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STUDY I 

Noguer‐Calabús, I., Schäble, S., & Kalenscher, T. (2022). Lesions of nucleus 

accumbens shell abolish socially transmitted food preferences. European 
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DISCUSSION 

The discussion section frames the primary findings of the three studies presented in 

the thesis within scientific theories that provide additional value to the individual 

discussions of each paper. The aim is to complement previous discussions without 

reiterating the main ideas. The STFP paradigm and the novel results obtained from 

our investigations cover a large part of the section. Subsequently, the section closes 

with a brief analysis of study III, followed by an integrative overview of all three 

studies. 

1. Socially transmitted food preferences  

The STFP subsection focuses on the analysis of behavioral findings from the first two 

studies. It begins by introducing reward revaluation, a fundamental cognitive 

mechanism that allows observers to update their preferences. It continues to explore 

the unresolved questions within the social and non-social learning theories regarding 

STFP outcomes and their utility in interpreting them. In addition, ecological 

approaches examine the conditions under which individuals prioritize social over 

individual information. A particularly influential factor in such decisions is whether 

the demonstrator is a familiar conspecific or a stranger. Collectively, these elements 

allow for a critical review of the principal theoretical interpretations of STFP. 

1.1. Results overview 

The classic version of the STFP paradigm demonstrates that the observer rat consumes 

more of the socially cued pellet type than the alternative after smelling its odor in the 

demonstrator rat's breath (Galef et al., 1984, 1988). The adapted version of the STFP 

paradigm carried out in the first two studies of this thesis, introduces a new phase to 

the experimental design, building on an earlier adaptation (Galef & Whiskin, 2008a). 

As an adjustment, the individual pellet preference of each observer is measured first. 

The demonstrator is then fed the observer's non-preferred pellet type immediately 

prior to the social interaction. Observer preferences are measured again on the same 

day of the interaction and the following day. Consequently, the observer is expected 

to modify its preferences after interacting with the demonstrator.  
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The results of our two studies using the STFP task showed that social interaction, in 

control and vehicle groups, led to increased consumption of the originally non-

preferred pellets. In study I, the control group exhibited only a decreasing trend in the 

consumption of the originally preferred pellets. In study II, as said, both vehicle 

groups showed an increase in the consumption of the originally non-preferred pellets; 

however, this effect was more pronounced following interaction with an unfamiliar 

demonstrator than with a familiar one. In contrast, changes in the consumption of the 

originally preferred pellets were less consistent. Further analysis revealed a significant 

decrease in the consumption of the originally preferred pellets after interaction with 

an unfamiliar demonstrator, but not after interaction with a familiar one. The 

following subsections discuss this first piece of robust behavioral results concerning 

the control and vehicle groups (neither lesion nor OXT injection) in light of 

ecological, psychological, and neuroscientific theories. 

1.2. Reward revaluation 

Subjects assign value to the objects and stimuli they interact with (Bissonette et al., 

2013; Kim et al., 2020; Malvaez et al., 2019; Rich & Wallis, 2013; Rudebeck et al., 

2013). However, valuation can change over time and varies depending on internal 

states such as hunger, tiredness, or desire for social interaction, as well as external 

factors such as availability of food or changing social contacts. Thus, the brain 

continuously updates the value of stimuli in changing environments and modifies 

choices (Burke et al., 2014; Dwyer et al., 2017; Huh et al., 2009; Piet et al., 2018; S. 

R. White et al., 2024). Our results can be described in terms of the decision-making 

framework as follows: we exposed the observer rat to three unconditioned positive 

stimuli. These included two types of flavored pellets, which were nutritionally 

equivalent but differed in flavor, i.e., grape or banana, and one social stimulus 

matching age and sex (Trezza et al., 2011). The amount of each pellet type consumed 

by the observer before social interaction allowed us to measure the subjective value 

assigned to them. The rat's choice – the most consumed pellet type – served as the 

proxy of its preference (van Wingerden & Kalenscher, 2022). First, revealed 

individual preferences were exclusively based on their palatability, however, they 

were updated after interaction with the demonstrator. The decision-making 
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framework assumes that various sources of information such as taste, smell, and social 

cues are dynamically integrated into the valuation of a specific stimulus (Heyes, 2012; 

Levy & Glimcher, 2012; Sheppard et al., 2013). Following such a logic, associating 

the odor of the originally non-preferred pellet with the demonstrator rat increased the 

value assigned to that pellet type. Subsequent choice revealed the extent of this change 

in valuation. In summary, the increased consumption of the originally non-preferred 

pellets is likely due to the revaluation of this pellet type after integrating social 

information. 

1.3. (Non)-social learning 

Can the classic and our adapted versions of the STFP be framed within the theories of 

conditioned learning – hereafter referred to as non-social learning – or do they display 

other singularities? To date, there is an ongoing debate on whether social learning 

follows the same principles as non-social learning (Behrens et al., 2008; Heyes, 2012; 

Insel & Fernald, 2004; Klein & Platt, 2013; Nielsen et al., 2012). Although, as stressed 

in the introduction based on neuroscientific data, such a distinction is challenged and 

these ideas may not be totally mutually exclusive (Reader, 2016).  

Learning theories aim to describe behavioral changes prolonged in time after a 

specific experience (Heyes, 1994; Rescorla, 1988). The simplest form of non-social 

learning, non-associative learning, occurs through mere exposure to a stimulus, 

producing a behavioral change that either enhances or reduces the response. The 

second type, known as Pavlovian conditioning, involves the association of two stimuli 

leading to the transfer of the unconditioned reward properties to the conditioned 

reward. The third type named instrumental conditioning, involves an action towards 

one stimulus being enhanced or reduced by its consequences (Schakner & Blumstein, 

2016). Instrumental conditioning, though, will not be further discussed as it does not 

apply to our results. We must also consider that learning mechanisms are supported 

by multiple cognitive capacities such as perception, attention, or memory to identify 

salient stimuli that serve as input for the learning process (Muirz, 1996; N. M. White 

& McDonald, 2002). When social learning theories build on non-social learning, they 

identify the social aspect as the catalyst or mediator that drives attention to the object 
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of learning. In this context, the social stimulus is not the entity being learned about 

but the input to learn from. In other words, interaction with the object is transferred 

from the subject to the conspecific, i.e., the social stimulus. Thus, the type of input in 

the learning process – whether visual, olfactory, social, or otherwise – can provide a 

useful basis for categorizing different learning processes (Heyes, 1994; Reader, 2016; 

Zentall, 2006). 

Firstly, the non-associative learning theory could be a suitable explanation for classic 

STFP. According to this theory, the frequency of a response changes with exposure 

to a stimulus, increasing due to sensitization or reducing due to habituation (Schakner 

& Blumstein, 2016). Thus, the naïve observer is exposed to the odor of the food eaten 

by the demonstrator, and thereafter the observer prefers that food type over the 

alternative. The hypothesis is that this revealed preference following social interaction 

arises from a social sensitization to the food eaten by the demonstrator. As known, 

STFP occurs only when the odor is presented with carbon disulfide, but it does not 

occur when the demonstrator and the odor are presented together without the 

demonstrator’s prior food consumption (Galef & Stein, 1985). Therefore, the input 

system appears to be highly specialized, relying heavily on this olfactory cue, the 

carbon disulfide, present in the rat’s breath (Choleris et al., 2011; Galef et al., 1988). 

In a series of experiments conducted by Galef and Durlach (1993), the researchers 

examined how preexposure to one of two alternative food types influenced the 

observer's choice after interacting with a demonstrator who had been fed either the 

preexposed food or a novel food. Contrary to their hypothesis, preexposure to one 

food type decreased its consumption during the preference testing phase, especially if 

the alternative food – the novel one – was socially cued. Thus, sensitization based on 

previous exposure to one of the food options does not occur, and increased 

consumption of one food type is primarily mediated by social signals. 

The classic STFP is generally framed within observational associative learning, where 

the demonstrator mediates the association between two stimuli, the food odor and his 

breath, evoking an increased consumption of the cued food. Although interpreted as 

an example of Pavlovian conditioning, Galef and Durlach did not find several of the 

phenomena that characterize this type of learning. Specifically, rats that acquire food 
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preferences socially did not show blocking, overshadowing, or latent inhibition (Galef 

& Durlach, 1993). Focusing on the adapted version of the STFP employed in this 

thesis, we would expect to observe latent inhibition if Pavlovian conditioning were 

the best explanation for this behavior. Theoretically, previous familiarization of the 

observer rats with the two pellet options should evoke a smaller response or none after 

social interaction, compared to naïve observers. However, preexposure did not reduce 

the strength of STFP compared to controls with no prior exposure (Galef et al., 1985; 

Galef & Durlach, 1993; Galef & Whiskin, 2008a). Galef and colleagues demonstrated 

that previous familiarization with both food options did not hinder preference 

acquisition in STFP (Galef et al., 1985; Galef & Durlach, 1993; Galef & Whiskin, 

2008a). Furthermore, ill demonstrators should theoretically promote aversive learning 

towards the consumed food. However, rats acquired STFP from anesthetized 

demonstrators and even those showing gastrointestinal distress during interaction 

(Galef et al. 1983; Galef and Whiskin 2000; but see Kuan and Colwill 1997). 

Observers do not seem to evaluate the suitability of STFP acquisition (Agee et al., 

2023), a point that will be further discussed below. 

In addition to learning theories, other psychological mechanisms have been proposed 

to explain classic STFP. Contagion is an innate phenomenon in which two or more 

animals engage in coordinated behavior that is part of their species' repertoire. 

Typically, one of the animals initiates the behavior and the others follow or join the 

first (Thorpe, 1963; Zentall, 2006). By way of example, if a hungry chick is introduced 

to a box with available food, it will start eating. This is sufficient to trigger the feeding 

behavior of a satiated chick already in the box (Tolman, 1964). Yet, this thesis focuses 

on a more complex phenomenon: food preference update following social input. Can 

this phenomenon be explained without resorting to learning? Does food revaluation 

intrinsically require learning? So far, STFP can only be partially explained by non-

social learning principles, indicating that adaptations of current theories and further 

investigation are necessary. 
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1.4. Conformity 

When Galef and Whiskin published their adapted version of the STFP, they termed 

the phenomenon “conformity” (2008a). This choice of terminology was based on the 

fact that the rats overrode prior individual knowledge with social information (Whiten 

& Van Schaik, 2007). In their first experiment, rats started developing an aversion 

towards one diet while gaining experience with the safety of another. Upon interacting 

with a demonstrator fed the unsafe diet, observers overrode their individual 

knowledge of diet safety and consumed primarily the demonstrated food. The second 

experiment induced individual preference for one diet over the other by adding sugar 

to the first. Upon interacting with a demonstrator fed the less palatable option, 

observers tended to consume it more than the palatable one. In both experiments, 

observers appeared to make non-beneficial choices, therefore, the authors concluded 

that in rat decision-making, social information carries more weight than individual 

information (Galef & Whiskin, 2008a).  

Rat conformity has been investigated in other paradigms as well. Using a Y maze with 

a white and a black door, rats were trained to follow a demonstrator that used color as 

a cue to access food at the end of an arm. Therefore, observers learned to follow both 

the demonstrator and the rewarded color. During testing, observers were divided into 

three groups: the first had a demonstrator but did not see the colors, the second group 

only accessed color cues, and the third group had a demonstrator who chose the 

previously incorrect color cue. Over 60% of the subjects in the third group made 

incorrect choices by conforming to the current demonstrator, overriding their previous 

knowledge (Konopasky & Telegdy, 1977). These studies established conformity 

paradigms in rats to facilitate comparative research with human conformity, as 

described by Asch (1955), where individuals agree with a group even when the 

group’s answer is incorrect. However, most research on rat conformity has relied on 

a single demonstrator rather than a group. Nevertheless, some STFP studies have 

demonstrated that, similar to humans (Asch, 1955), larger groups of demonstrators 

lead to greater choice homogeneity among observers (Chou & Richerson, 1992; Galef 

et al., 1990). 
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To better understand the underlying motivations for conformity across species, it is 

useful to differentiate between informative and normative conformity, as proposed by 

Claidière and Whiten (2012). The former relies on social information to enhance 

performance in individual tasks and the latter to maintain or improve social 

interactions and status within a group. Galef's experiments are traditionally viewed as 

examples of informative conformity. According to the authors, informative 

conformity is composed of distinct characteristics. Firstly, it occurs in uncertain or 

novel situations (Claidière & Whiten, 2012). Contrary to this statement, a study 

showed that rats relied more on the demonstrator’s information in stable setups where 

the same food was consistently available, compared to variable environments (Galef 

& Whiskin, 2004). Still, rats that had been fed unpalatable and energetically poor 

food, or those having no clear previous information about the safety of the socially 

paired food, relied more on socially transmitted food information than control rats 

(Galef et al., 2008). Thus, conformity depends on the degree or the source of 

uncertainty. Note that, by definition, the adapted version of the STFP used in this 

thesis is less uncertain than the classic one because observers encounter the same food 

options repeatedly. Secondly, informative conformity is often related to foraging or 

dietary choices and results in short-term efficient adaptations (Claidière & Whiten, 

2012). In both STFP versions, preference testing occurs immediately after the 

observer rat detects the food odor from the demonstrator’s breath, thus, acquired 

information is applied right away. This application, however, is not always efficient 

as discussed above (Galef & Whiskin, 2008a). Thirdly, informative conformity is used 

in isolation, distinguishing it from normative conformity, which occurs only in social 

contexts (Claidière & Whiten, 2012). By design, in STFP protocols the demonstrator’s 

information is used in isolation. Finally, informative conformity is not sustained when 

the demonstrators are unreliable (Claidière & Whiten, 2012). Nonetheless, the 

acquisition of STFP conformity is not hindered by unreliable or ill demonstrators 

(Galef et al. 1983; Galef and Whiskin 2000; Agee and Monfils 2018; but see Kuan 

and Colwill 1997). Consequently, the STFP data partially aligns with the criteria for 

informative conformity, without meeting all aspects of its definition. 



82 
 

To elaborate on the last point of the informative conformity definition, STFP 

acquisition from ill demonstrators could be a consequence of the artificial laboratory 

setup. Several factors support this interpretation. Primarily, rats are neophobic, 

meaning they temporarily reduce initial intake and overall consumption when 

encountering novel food (Barnett, 1958; Modlinska et al., 2015). If rats experience 

intestinal malaise after food consumption they develop a strong aversion to it (Garcia 

& Koelling, 1966). In nature, food intoxication is relatively rare; however, if toxins 

are highly lethal, demonstrators who consume the toxic food are unlikely to return to 

the burrow from the feeding site, preventing social interactions (Noble et al., 2001). 

Consequently, when interactions with intoxicated conspecifics are rare and rats 

already show skepticism toward novel foods, it is inefficient for them to evaluate the 

information source critically. Mistakenly evaluating dietary social information as 

unsafe could be counterproductive. Considering these factors, there seems to be no 

evolutionary pressure for rats to develop selectivity based on demonstrator fitness in 

the context of STFP (Galef, 2012; Noble et al., 2001). However, when observers 

interact simultaneously with healthy and ill demonstrators who have consumed 

different diets, they tend to consume less of the diet associated with the ill 

demonstrator compared to the healthy one (Kuan & Colwill, 1997). This suggests that 

the availability of alternatives influences the observers' criteria for dietary choices. 

1.5. Social familiarity 

Conformity theories assume that observer rats learn from familiar conspecifics. This 

is especially true for normative conformity, where the goal is to maintain status and 

relationships within the group, but it is also commonly presumed for informative 

conformity (Claidière & Whiten, 2012). In the OXT study of this thesis (II), we 

manipulated familiarity as a proxy for group affiliation (Bartal et al., 2014). 

Demonstrators and observers were either cagemates included in the in-group (familiar 

conspecifics); or unfamiliar and part of the out-group. Literature suggests that social 

learning is more likely between familiar conspecifics than unfamiliar ones, simply 

because they interact more frequently. Additionally, adopting similar behaviors is 

more beneficial when rats share the same environment (Laland, 2004). Yet previous 

studies manipulating familiarity in STFP showed no significant effects (Galef et al., 



83 
 

1984) or a nonsignificant tendency to acquire more information from unfamiliar 

demonstrators (Agee et al., 2019; Galef & Whiskin, 2008a). Contrary to these 

findings, our results showed that the vehicle group acquired significantly stronger 

STFP after interacting with an unfamiliar than a familiar demonstrator. This result 

challenges the existing hypothesis (Agee et al., 2019; Galef et al., 1984; Galef & 

Whiskin, 2008b), suggesting that rats attach more value to inputs from unfamiliar 

conspecifics. The evolutionary reasons for such behavior remain unknown and present 

an interesting line for future research. 

 

As a synthesis of the points addressed above, general learning theories are necessary 

but not sufficient to fully account for STFP. Pavlovian learning explains how 

observers form associations between social cues and food odors, facilitating the 

revaluation of food rewards. However, ecological perspectives are essential to 

contextualize these mechanisms, particularly in understanding why individuals rely 

on social information even when doing so is not optimal or may contradict personal 

experience. These perspectives also explore the role of familiarity in modulating the 

strength of social influence. Therefore, a comprehensive understanding of STFP 

behavior requires an integrated approach that combines internal psychological 

mechanisms with external ecological and social factors. 

2. Neural mechanisms of socially transmitted food preferen ces 

Psychological mechanisms underlying reward revaluation in social contexts are only 

partially explained by behavioral studies. Therefore, neuroscientific experiments can 

shed light on this process. The following subsections discuss our findings on the STFP 

paradigm following neural manipulations. First it examines the effects of the NAcSh 

lesions followed by the effects of systemic OXT injections. 

2.1. Nucleus accumbens shell  

While the article provides a comprehensive discussion regarding the role of the NAc 

in STFP, this section offers further elaboration on some interpretations. 
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The NAc is an integrative neural hub that, as highlighted in the introduction, translates 

motivation into action (Goto & Grace, 2005; Kalivas & Nakamura, 1999; Mogenson 

& Yang, 1991). It is composed of two subregions: the core and the shell. The core 

primarily contributes to goal-directed actions by evaluating reward efficiency 

accounting for delays, efforts, and risks (Day et al., 2010; Saddoris et al., 2013). 

Conversely, the NAcSh encodes the value of reward and plays a critical role in tasks 

that assess preferences without playing a major role in cost-benefit analyses (Beyene 

et al., 2010; Ghods-Sharifi & Floresco, 2010; Saddoris et al., 2013, 2017; Stopper & 

Floresco, 2011). For example, preferences based on variations in reward magnitude 

depend on the integrity of the NAcSh (Jang et al., 2017; Katsuura & Taha, 2014). 

Interestingly, NAcSh encodes reward information for longer periods than the core, 

including post-consumption phases. The authors interpreted this characteristic as the 

tracking of reward value outcomes (Sackett et al., 2017). More broadly, the NAcSh 

mediates motivation by attributing incentive salience to rewards. It highlights the 

hedonic value of rewards (e.g., pleasure) and integrates other motivational factors 

such as social cues (Amaral et al., 2021; Bassareo et al., 2002; Peciña & Berridge, 

2013; Saddoris et al., 2015; Wyvell & Berridge, 2000). Saddoris (2015) proposed a 

general framework, extending reward processing functions, where the core drives 

goal-directed actions and the NAcSh inhibits erroneous choices of less favorable 

options. Thus, the NAc core and NAc shell exert distinct yet complementary roles in 

optimizing action selection (Floresco, 2015). 

Although the STFP paradigm does not dissociate the processes mentioned above and 

we did not test whether the core is relevant for the STFP, our findings demonstrated 

that NAcSh-lesioned rats can develop a preference based on taste. However, they 

failed to update reward values after integration of social information. This is 

consistent with the idea that the integrity of the NAcSh is not indispensable for the 

discrimination of primary sensory features of food rewards (e.g., taste); rather, its 

function is to enhance the salience of rewards associated with the motivational 

incentive of a social cue (Amaral et al., 2021; Floresco, 2015).  
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2.2. Oxytocin 

OXT is a peptide synthesized in two hypothalamic subregions: the hypothalamic 

paraventricular and supraoptic nuclei. These brain regions project to several other 

brain areas and the posterior pituitary gland, where OXT is subsequently released 

peripherally (Anacker & Beery, 2013; Gimpl & Fahrenholz, 2001). Nevertheless, the 

functions of OXT are largely determined by the distribution of its receptors, which 

differs among rodent species (Anacker & Beery, 2013; Insel & Young, 2001). As 

mentioned in the introduction, a study compared two vole species due to their 

differences in partner choice: monogamous prairie and non-monogamous montane 

voles. Activation of OXT receptors in the NAc of prairie voles facilitated partner 

preference formation. In contrast, the same intervention did not produce equivalent 

results in montane voles, which had a lower density of OXT receptors in the NAc (H. 

E. Ross et al., 2009). 

OXT has been named the “social peptide” due to its role in regulating sexual and 

parental behavior, social recognition, and affiliation in rodents while influencing face 

expression processing and trust in humans (Insel & Shapiro, 1992; Keebaugh et al., 

2015; Oettl et al., 2016; Van IJzendoorn & Bakermans-Kranenburg, 2012; but see 

Leng et al., 2022). Consequently, we hypothesized that OXT would modulate STFP 

in a familiarity-dependent manner. Summarized, our results indicated that OXT 

blocked the increase in originally non-preferred consumption by the out-group but not 

the in-group. The blocking effects were long-lasting in the large-dose OXT out-group. 

Furthermore, all OXT-treated groups, in both familiarity groups, decreased the 

consumption of the originally preferred food. However, this effect was not exclusive 

to OXT treatment, as the vehicle out-group exhibited a decrease in originally preferred 

food consumption too. Considering the current literature on OXT, can the familiarity-

dependent OXT effects on STFP be interpreted as a specialized social mechanism? 

Mice with OXT receptor knockouts did not discriminate between familiar and 

unfamiliar conspecifics (Choleris et al., 2006). However, their social recognition was 

restored by OXT infusion into the lateral ventricles before the sample phase – first 

exposure to the conspecific – but not before the recognition phase (Ferguson et al., 
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2001). This suggests that OXT is necessary for the acquisition of social recognition. 

In rats, the effects of OXT were studied at different dosages. Low doses facilitated 

recognition, whereas high doses impaired it (Popik & Vetulani, 1991). As reviewed 

by Choleris (2009), OXT infusions into the lateral septum, ventral hippocampus, and 

medial preoptic area of rats improved social recognition. It is important to note that 

many of these manipulations exceed natural OXT brain levels, causing artificial 

effects, a limitation also present in our study. To more precisely characterize the role 

of OXT in social recognition in rats, Oettl et al. (2016) used optogenetics to activate 

paraventricular oxytocinergic neurons during social interaction. The stimulated group 

showed increased social exploration compared to the control. Moreover, the 

stimulated rats demonstrated social recognition two hours later while controls 

performed at chance level. The authors proposed that OXT increases peak firing 

responses and reduces background firing during the sample phase, enhancing the 

signal-to-noise ratio. This mechanism improves odor recognition accuracy and may 

also increase the salience of these olfactory stimuli. Interestingly, OXT effects in the 

olfactory areas were restricted to social odors. These results point toward a specialized 

OXT subnetwork for encoding social information. Interestingly, OXT receptor 

density in rodents is high in olfactory areas, whereas in primates, higher densities are 

found in visual and attentional regions (Freeman & Young, 2016), reinforcing the idea 

of OXT’s role in processing social stimuli. 

So far, only elusive preliminary results on the effects of OXT on STFP are available 

(Lindeyer et al., 2013). Nevertheless, various rodent experiments have explored 

OXT’s effects using conditioned place preference (CPP) and conditioned social 

preference (CSP) paradigms. In these paradigms, subjects develop a preference for an 

OXT-associated chamber or an OXT-associated conspecific, respectively. For 

instance, female mice preferred a conspecific they explored after intranasal OXT 

administration over one paired with saline, but no preference was developed for a 

chamber paired with OXT administration (Kosaki & Watanabe, 2016). Similarly, rats 

did not exhibit CPP following intraperitoneal OXT administration. Strikingly, they 

did develop CPP when a conspecific was present in the OXT-paired chamber unlike 

a group administered a different neuropeptide. Thus, OXT enhanced the rewarding 
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effects of social interaction. Milder yet significant CPP also occurred when an object 

was placed in the OXT-paired chamber (Ramos et al., 2015). When centrally 

administered, OXT produced mixed results in CPP depending on the brain region 

targeted (Baracz et al., 2012; László et al., 2016). Dölen et al. (2013) applied 

optogenetics and electrophysiology techniques in mice to further explore the influence 

of OXT on social CPP. The experiments created two distinct chambers: one 

containing previously socially-paired bedding, and another containing non-paired 

bedding. The study demonstrated that the coordinated activity of OXT and serotonin 

in the NAc was necessary to encode the rewarding properties of social interaction and 

the subsequent development of social CPP. 

Due to the systemic administration of OXT in our experiment, its effects could 

modulate multiple neural circuits and interfere with various psychological 

mechanisms. Nevertheless, social recognition appeared to be preserved, as the effects 

of OXT were familiarity-dependent. As discussed, literature suggests a distinct role 

for OXT in encoding social signals (Choleris et al., 2006; Ferguson et al., 2001; Oettl 

et al., 2016) within learning neural networks (Dölen et al., 2013). Still, additional 

research is necessary to determine if the results are due to changes in oxytocinergic 

pathways that directly affect reward revaluation or indirectly through alterations in 

the encoding of social information. 

 

Taken together, the NAcSh is a critical brain region for integrating social information 

in the evaluation of available rewards, while OXT acts as a modulatory factor, 

particularly in interaction with social familiarity. Future research should further 

investigate whether OXT within the NAcSh modulates behavior in the STFP 

paradigm. This modulation may occur directly or indirectly, for instance by 

influencing the effects of familiarity, environmental stability, or other contextual 

factors. Neuroscientific investigations are essential to develop more accurate 

behavioral and psychological models of social learning that account for the plasticity 

of neural substrates in their dynamic interplay with internal and external influences.   
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3. Ultrasonic vocalizations 

Having discussed the mechanisms underlying STFP, this subsection now focuses on 

study III, which examines vocal communication as an additional feature of social 

behavior. 

Rats transfer information mostly passively, with no communicative intention. 

Sometimes, though, they use vocalization to actively inform others. These 

communications usually signal emotional states, desires, and needs (Brudzynski, 

2013; Knutson et al., 2002; Opiol et al., 2015; Wöhr et al., 2015). Rats produce 

ultrasonic sounds ranging from 20 to 100 kHz that humans cannot perceive. Based on 

their sonographic features, these USVs are classified into 22 kHz and 50 kHz calls 

(Brudzynski, 2013). 22 kHz calls are typically emitted in aversive situations, such as 

in front of danger or threat, but also to signal the satiation of a previously pleasant 

activity (Burgdorf et al., 2008; Knutson et al., 2002; Kroes et al., 2007; Oliveira & 

Barros, 2006). Conversely, 50 kHz calls are emitted in positive situations, including 

playing, sexual behavior, and drug consumption (Burgdorf et al., 2008; Knutson et 

al., 2002; Pellis et al., 2018).  

In the final study (III), we recorded and classified USVs from rats exposed to rewards. 

The first experimental phase – the sucrose discrimination test (SDT) – consisted of 

several sessions where rats were given one of three pairs of sucrose water (2% vs. 5%, 

2% vs. 10%, or 5% vs. 10% sucrose). In the second experimental phase – the social-

sucrose preference test (SSPT) – rats had access to either an unfamiliar juvenile rat or 

sucrose water at 2%, 5%, or 10% concentrations. Due to the positive nature of the 

rewards, we focused on 50 kHz calls and subcategorized them into 14 subtypes 

(Wright et al., 2010) to directly compare vocal profiles based on the type of cue, 

whether social or non-social. In the SDT, we confirmed that rats discriminated 

between sucrose concentrations and preferred the highest concentration of each pair. 

Contrary to our hypothesis, rats vocalized more in the 2% vs. 10% than in the 5% vs. 

10% condition. Within sessions, they vocalized more (controlling for time spent per 

zone) in the lowest sucrose concentration zone. Flat USVs were the most frequent 

subtype during SDT. In the SSPT, the main behavioral results indicated that rats, as 
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hypothesized, traded off the value of the sucrose reward for the social reward. Rats 

preferred social interaction over 2% sucrose, were indifferent between the juvenile rat 

and 5% sucrose, and switched to prefer 10% sucrose over the juvenile. Vocalizations 

were predominantly emitted in the social zone. Although rats spent less time near the 

juvenile when the sucrose concentration was highest (10%), they vocalized more than 

in the other conditions. Trill and Composite were the most prevalent subtypes in the 

SSPT phase. 

As demonstrated by the summarized results above, the use of USVs depended on the 

nature of the rewards, whether social or non-social. Our findings align with previous 

literature showing that social cues are effective natural elicitors of USVs production 

(Burgdorf et al., 2008; Knutson et al., 2002; Pellis et al., 2018). But is the reward 

nature the only factor explaining the difference in vocalization rates between social 

and non-social contexts? We must consider that USV production seems to be mutually 

exclusive with drinking (Sirotin et al., 2014; Welzl & Bureš, 1977), which reduces the 

possibility of calling while consuming sucrose water. Additionally, the dietary 

protocols of each phase could have influenced the differences in vocalization rates. 

Rats were food deprived during the SDT, which is known to reduce USVs production 

(Brenes & Schwarting, 2014), but were fed ad-libitum during the SSPT. Despite these 

considerations, the social component is most likely the primary factor contributing to 

the difference, while the others amplify it. The subtype distribution across phases is 

also consistent with the literature (Mulvihill & Brudzynski, 2018; Wöhr & 

Schwarting, 2013; Wright et al., 2010). Additionally, the high sucrose concentration 

probably boosted the value of the SSPT session, leading to high USV production in 

close contact with the juvenile. It is plausible too, from a foraging perspective, that 

the rat communicated the high value of the sucrose water to the juvenile.  

Interestingly, analyses of USVs have provided valuable insights as they do not fully 

correlate to rats’ choices (Brenes & Schwarting, 2014). The discrepancy between time 

allocation and the amount and type of USVs produced opens a door to explore 

simultaneous psychological processes that have remained hidden until now. 
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4. Conclusion 

The research presented in this thesis contributes to the extensive literature on reward 

valuation and social behavior in rats. The discussion of the first two studies highlights 

that STFP can only be partially explained by associative learning theories. However,  

general reward processing is still fundamental to the STFP paradigm, as demonstrated 

by the impaired social transmission in NAcSh-lesioned rats. Furthermore, OXT 

modulates food preferences transmitted socially in a familiarity-dependent way. Study 

III provides evidence that USVs produced in social contexts differ from those in non-

social situations. However, rats’ communication patterns do not directly correlate with 

their decision-making between social interaction and sucrose rewards. Thus, 

investigating both simultaneously offers complementary, quantifiable measures to 

explore underlying psychological and neural processes that were previously 

inaccessible.  

Overall, our results are consistent with a framework that integrates a domain-general 

reward learning model with socially specialized mechanisms. While associative 

mechanisms provide a parsimonious explanation, specializations in sensory and 

cognitive mechanisms may enhance and complement social information processing. 

These specializations are likely shaped by evolutionary and developmental pressures.  

Future research should integrate behavioral, neurological, ecological, and 

psychological approaches to develop a comprehensive framework. A deeper 

understanding of rat behavior will facilitate translational research with the potential 

to improve human lives. Social influence is a phenomenon shared across many 

mammalian species. Currently, human society is highly interconnected through social 

networks and influencing preferences has become a profession. Therefore, these 

dynamics must be studied from multiple perspectives, including those in this thesis. 
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