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Sammanfattning 
Abstract 

Interindividual differences in animal behaviour that are relatively consistent over time and context are 

referred to as animal personality. Personality has been recognized throughout the entire animal kingdom, in 

an array of species like molluscs, arthropods, fish, birds and mammals. The personality of non-human 

animals has been suggested to vary along five different axes, or continua; boldness-shyness, avoidance-

exploration, activity, sociability and aggressiveness. Having a relatively fixed personality may seem non-

adaptive compared to infinite behavioural plasticity so the individual would be able to respond adaptively to 

any changes in the environment. There can be physiological limitations to the phenotypic expressions of 

any trait, including behaviour. Variation in neuroendocrinology may thus explain why animals have 

personality. A candidate neurochemical that potentially proximately influences and forms personality, is 

serotonin (5- HT), one of the most omnipotent neurotransmitter of the animal body. In the many realms of 

the serotonergic system, there may arise individual differences which forms a proximate basis for 

differences in personality. In this review paper, I discuss the impact of the serotonergic system on a few 

different personality traits. Depending on the individual’s motivational state, serotonin can dampen or 

enhance aggression. Serotonin correlates negatively to anxious traits. Feeding behaviour is affected by 

serotonin in seemingly opposing directions. Overall, serotonin seem to underlie many behaviours that 

describe animal personality.  
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1 Abstract 

Interindividual differences in animal behaviour that are relatively consistent 

over time and context are referred to as animal personality. Personality has been 

recognized throughout the entire animal kingdom, in an array of species like 

molluscs, arthropods, fish, birds and mammals. The personality of non-human 

animals has been suggested to vary along five different axes, or continua; 

boldness-shyness, avoidance-exploration, activity, sociability and 

aggressiveness. Having a relatively fixed personality may seem non-adaptive 

compared to infinite behavioural plasticity so the individual would be able to 

respond adaptively to any changes in the environment. There can be 

physiological limitations to the phenotypic expressions of any trait, including 

behaviour. Variation in neuroendocrinology may thus explain why animals have 

personality. A candidate neurochemical that potentially proximately influences 

and forms personality, is serotonin (5- HT), one of the most omnipotent 

neurotransmitter of the animal body. In the many realms of the serotonergic 

system, there may arise individual differences which forms a proximate basis for 

differences in personality. In this review paper, I discuss the impact of the 

serotonergic system on a few different personality traits. Depending on the 

individual’s motivational state, serotonin can dampen or enhance aggression. 

Serotonin correlates negatively to anxious traits. Feeding behaviour is affected 

by serotonin in seemingly opposing directions. Overall, serotonin seem to 

underlie many behaviours that describe animal personality.  

2 Introduction 

The conviction of non-human animals having personality is probably as old as 

humans having some sort of interaction with other animals, perhaps thousands 

of years (Carere & Maestripiani 2013). Describing and quantifying animal 

personality scientifically, however, has only been a subject of the last decades 

(Gosling 2001). During these last decades, many studies have demonstrated that 

individuals of the same species may differ in their behavioural responses to the 

same stimuli. This can occur regardless of age and sex, and the difference may 

be consistent when measured at recurring intervals. This individuality of 

consistent behavioural responses has now been recognized throughout the entire 

animal kingdom, in an array of species of molluscs, arthropods, fish, birds and 

mammals (Carere & Maestripiani 2013). 

These relatively consistent interindividual differences in animal behaviour have 

been termed animal personality (Dall et al. 2004). Relative consistency means 

that an individual’s expression of a behaviour is consistent in their levels relative 
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to other individual’s expression of that same behaviour. It does not imply that 

the level of expression is the same in all contexts (context being a functional 

behavioural category, e.g. mating, feeding, Sih et al. 2004).  

2.1 Different terms  

Several different terms are today used to describe consistent variation in 

behaviour. Terms such as animal personality, coping style, behavioural 

syndrome, behavioural profile, temperament, or consistent individual variation 

in behaviour, are all used interchangeably (MacKay & Haskell 2015). Yet, these 

terms may or may not have the exact same meaning, comprehension or extent to 

different researchers, bedding for confusion. The discrepancies regarding terms 

and concepts reflect the complexity and perhaps the quick growth of the field. I 

have in this paper included all of these terms, and looked at them similarly. 

2.2 Reasoning behind personality 

Having an extensive behavioural plasticity would seem like a better strategy 

than having a relatively fixed personality. Individual would then be able to adapt 

more swiftly to environmental changes. Yet, as well as there are physiological 

limitations to the phenotypic expressions of any other observable trait (such as 

height or colour), there are physiological limitations to behavioural expressions 

as well (Duckworth 2015). The question of why animals have personality can 

then be divided into two discrete lines of reasoning, further explored in the 

following paragraphs; (I) because it is adaptive and different personality types 

have overall equal fitness, and/or (II) because animals’ basic morphology and 

physiology limit the phenotypic expression of behaviour. These limitations and 

hence limited behavioural plasticity, can offer an explanation to why animals 

have personality (Duckworth 2015).  

The potential adaptive value (I) of having personalities, in contrast to having a 

larger plasticity of behaviour, is unveiled for example through evolutionary 

game theory, stating that personalities with equal fitness can co-exist (Maynard 

Smith 1982 in Dall et al. 2004). To explain the arise of animal personality, we 

also need to consider the proximate mechanistic explanations. Underlying 

genotypic variation can causally influences phenotypic expressions via, for 

example differences in the hormonal system (Koolhaas et al. 1999). Pleiotropy 

(one gene effects two or more traits) is potentially limiting behavioural plasticity 

(Sih et al. 2004). Genetic correlations (selection of one traits sets a limit to the 

possible selective outcome of the other, correlated trait) can also restrict 

behavioural plasticity (Sih et al. 2004). Genetic constraints may also be 

explained by epigenetics (chemical modifications of DNA without changing the 
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base-pair sequence, often by an environmental cause). Epigenetics can, for 

example, change the sensitivity of hormonally affected behavioural traits, of 

which many are involved in the outline of personality (Duckworth 2015). Figure 

1 shows a schematic picture of how behavioural traits and their functions are 

subject to a physiological, proximate framework. Neural mechanics, for example 

neurotransmitters (chemically diverse molecules causing a chemical signal in 

the neurons synapses) are potentially limiting, since they are known to affect 

behaviour. Neurotransmitters are present in many instant, as well as delayed 

neurological responses, and correlates to personality (e.g. Tran et al. 2016). One 

of the neurotransmitters, serotonin (5-TH), has shown importance in the control 

of many behaviours including personality traits such as activity and aggression 

(Silva et al. 2014). Since the serotonergic system is complex and prone to 

individual variation, the implications of serotonin on personality can be 

expected to be broad.  

 

 

Figure 1. Conceptual model of the organisation of behavioural traits. F1 and F2 

represent two different biological functions, for example foraging and parenting. The 

second level is composed of behavioural traits (B) involved in each function. The next 

level is composed of neuro-physiological (N; e.g., hormones, neurotransmitters, 

neuromodulators) and structural (e.g., neuronal structures, muscle characteristics) 

traits involved in each behavioural trait. The final level is composed of genes (G) that 

are involved in each neuro-physiological trait. From Réale et al. 2007. 
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2.3 Personality and its dimensions 

The personalities of non-human animals have been suggested to vary along five 

different axes, or continua (Réale et al. 2007; Table 1).  

 

Table 1. The personality axes of animals according to Réale et al. 2007. 

Personality axes Associated traits 

  

boldness anxiety, vigilance, tameness, fearfulness 

 

exploration reactions to novel objects or food or  

new environment 

activity general or baseline level of activity 

 

sociability reaction to conspecifics and their absence  

or presence 

 

aggressiveness agnostic behaviour towards conspecifics 

 

 

The shyness-boldness continuum is used to categorize an individual’s reaction to 

risky situations (not new situations or novelties), such as interaction with 

predators and humans (Réale et al. 2007). Expressions of anxiety are ascribed to 

the shyness-boldness axis, as well as vigilance (attentive) behaviours. 

Measurements of shy-bold behaviours are for example the proportion of time 

spent in the open (not hiding or sheltered) and frequency of swimming (in fish) 

(Sneddon 2003). In contrast to Réale et al. (2007) others have used willingness 

to approach novel objects as a measurement of boldness (Frost et al. 2007). The 

avoidance-exploration axis relates to an individual’s reaction to novel objects or 

new food and environment (Réale et al. 2007). Activity refers to the general or 

baseline level of an individual’s locomotor movements. The measurement of 

activity can sometimes be entangled with the measurements of boldness or 

exploration (Réale et al. 2007). Sociability refers to an individual’s reaction to 

the absence or presence of conspecifics, not including aggressive behaviours. 

Aggressiveness is the agnostic behaviour towards conspecifics (Réale et al. 

2007). All behavioural measurements and observations must of course be 

chosen to fit the model species, so that a correct evaluation of a behaviour can 

be done.  

Behavioural traits from different personality axes are often interrelated, so that 

clusters of traits occur in the same individual and are correlated (Sih et al. 2004). 

We then call this a behavioural syndrome (Carter et al. 2013). Correlation is the 
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covariance of different traits in one individual, traits that seems to be linked in 

their occurrence, and that varies in relation to each other. As an example of this, 

we can consider coping style. Coping style is a cluster of behavioural traits 

founding the individual’s response to a stressor, also including physiological 

differences (Koolhaas et al. 2010). Coping style then contain consistent 

behavioural and physiological responses to stressful events, through different 

personality axes, such as aggressiveness, boldness-shyness, avoidance-

exploration and activity (Sih et al. 2004).  

2.4 Serotonin  

Neurotransmitters are molecules of different chemical origin and construction, 

whose release and action causes a chemical signal in the neurons synapses 

(Goodenough et al. 1993). This is a quick form of information transfer (within 

milliseconds), compared to, for example, hormones which may operate over 

minutes, hours or days (Goodenough et al. 1993). In search of a neurochemical 

that proximately influences personality, one might readily turn to serotonin, also 

referred to as 5-HT. The serotonergic system is evolutionary old and well 

preserved (Swallow et al. 2016). Serotonin belongs to the group of 

monoamines. The name monoamines refer to the common chemical 

construction of these compounds, namely one amino group (NH2) connected to 

an aromatic group via a two-carbon chain. Serotonin is a derivate of the amino 

acid tryptophan and are produced e.g. by neurons in the raphe nucleus of the 

brains (Dorit et al. 1991). Figure 2 shows a schematic view of the serotonergic 

pathways within the brain. Serotonin synthesis also occurs is the gastrointestinal 

area, but because serotonin cannot cross the blood-brain barrier, the brain-

functional serotonin must be produced within the brain. Besides functioning as a 

neurotransmitter, serotonin is also known to act as a neuromodulator 

(Goodenough et al. 1993). Neuromodulators function as somewhat intermediate 

between neurotransmitters and hormones, as they are released in the general 

vicinity of the target but not in the precise synaptic cleft as is the case of 

neurotransmitters, yet closer than hormones. 

 

 



6 
 

 

 

Figure 2. Schematic picture of the brain with the serotonin pathways highlighted in 
black.  

 

The role of serotonin in animal personality is likely complex. This is partly due 

to serotonins ability to act on several diverse types of receptors (Carere & 

Maestripieri 2013). Furthermore, the serotonergic system involves many 

additional actions; the synthesis (reliant on sufficient micronutrient intake and 

uptake) and release of serotonin, the function of the serotonin receptors and the 

degradation and reuptake of serotonin. Reuptake is the absorption of serotonin 

by the presynaptic neuron (the releasing neuron) after the transmission. 

Reuptake decreases the levels of extracellular (free) serotonin, and inhibition of 

this action increases the levels. In a review on mice (Mus musculus), the authors 

describe how lack or reduction of serotonin transporter (SERT) in lab-strain 

mice (SERT knock-out mice) lead to more than 50 different phenotypic changes, 

physical and behavioural (Murphy & Lesch 2008). Considering the otherwise 

great complexity of the serotonergic system, it is striking that the system only 

works through one single serotonin transporter; SERT, a protein encoded by the 

gene SLC6A4 (Murphy & Lesch 2008). In all of these steps there may be 

individual mechanistic differences such as mutations, nutritional variation or 

epigenetic change and these differences could form a proximate basis for 

personality differences. Besides serotonin having direct effects on behaviour, it 

also interacts with other neurochemical systems (de Boer et al. 2015). In doing 

so, the serotonergic system is, above all, engaged in the modulation of 



7 
 

appropriate behaviour of the current external and internal context (de Boer et al. 

2015).  

To conclude, the serotonergic system is widespread throughout the animal 

kingdom, and has a vast influence on behaviour. Yet the impact of the 

serotonergic system on animal personality is not fully clear and needs further 

investigation. The aim of this paper is to discuss and illustrate how serotonin 

relates to and impacts some different animal personality traits.  

3 Materials and methods 

This paper is a literary review which compiles information from the scientific 

field. My main source of information has been scientific articles from various 

peer reviewed journals. I conducted searches via UniSearch (a search tool 

provided by Linköping University Library which via keywords, author or other 

parameters conducts searches through most databases of scientific articles, 

journals and books). I also conducted specific searches in the databases Scopus, 

Google Scholar and Web of Science. I used the keywords ’animal personality‘, 

’serotonin‘, ’5- HT‘, ’behavioural syndrome‘ (as an alternative term to 

’personality‘) as well as a forward search on new papers citing relevant older 

papers. I only focused on articles using animal models.  

4 Results and Discussion               

4.1 Serotonin and aggression 

Aggressiveness correlates negatively with brain serotonin levels, such that low 

levels of serotonin implicate high aggressiveness in the individual (e.g. 

Caramaschi et al. 2007, Bell et al. 2007). This is known as the serotonin-

deficiency hypothesis of aggression (Caramaschi et al. 2007). But the correlation 

between serotonergic activity and aggression is not as simple as being a negative 

correlation in all contexts. There seem to be a difference in the role of serotonin 

in different motivational states of aggression. Studies suggests that serotonin 

may actually be temporarily released to increase serotonergic levels before and 

during common and adaptive fighting situations across a number of different 

animal taxa (de Boer et al. 2015). This type of temporary aggression is a part of 

the full behavioural range of the individual, where some aggression is beneficial. 

As such, serotonin enhances and promotes aggressive intent and dampens the 

urge to retreat (in e.g. field crickets, Gryllus bimaculatus, Dyakonova & 

Krushinsky 2013). When treated with a precursor to serotonin, known to 

activate the synthesis of serotonin (hence increasing the levels of serotonin), the 

demonstrative aggressive behaviour was increased, and loser-like behaviour 
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decreased (Dyakonova & Krushinsky 2013). When studying a more static, 

consistent, personality-like aggressiveness (as can be seen in e.g. lab strains of 

rodents with inherently enhanced aggressiveness), the former view of negative 

correlation between serotonergic activity and aggressiveness is still true (de 

Boer et al. 2015). A conceptual division of aggression based on its motivational 

state, into state aggression and trait aggression is hence of preference, 

personality being associated with the latter (de Boer et al. 2015).  

4.2 Serotonin, anxiety and activity  

The lack of SERT (and therefore lack of serotonergic activity in the synapses) in 

SERT knock-out mice establishes elevated anxious traits in the individual 

(Murphy & Lesch 2008). In zebrafish (Danio rerio) elevated levels of anxiety 

are negatively correlated to serotonergic activity (Tran et al. 2016). Studies of 

zebrafish have also demonstrated consistent individual differences in baseline 

locomotor activity (the overall motion of the animal without interference) (Tran 

& Gerlai 2013). A later study presented a correlation between activity levels and 

anxiety-like behaviour in zebrafish (Tran et al. 2016). A correlation like this 

may indicate a behavioural syndrome (correlated behavioural traits) between 

activity and boldness, since anxiety traits are being associated with the boldness-

shyness axis (Réale et al. 2007). Hypoactivity in fish with elevated levels of 

anxiety-like behaviours also correlated to higher levels of serotonin and lower 

levels of serotonin metabolites (suggesting reduced serotonergic activity). The 

reversed was also true; fish presenting lower levels of anxiety and hyperactivity 

had lower levels of serotonin and higher levels of serotonin metabolites, 

indicating increased serotonergic activity (Tran et al. 2016). 

SERT knock-out mice display a consistent and specific reduction of horizontal 

activity (movement in one plane only) in the centre of open field arenas (Kalueff 

et al. 2007). Hence, horizontal activity, were negatively correlated to anxiety 

and positively correlated to brain serotonin levels. In the outer, more secure 

areas, activity was not reduced in SERT knock-out mice compared to unaltered 

genotypes (Kalueff et al. 2007). Vertical activity (movements up and down in 

the area) of the SERT knock-out mice was, however, reduced both in the centre 

and outlines of the arena, compared to unaltered genotypes. This suggests the 

possibility of a non-correlation between the personality domains anxiety and 

activity by pointing to the different effect of serotoninergic deficiency on these 

domains (Kalueff et al. 2007). It is possible the differences in results between 

the studies on zebrafish and mice is due to, for example, the model animals 

being of different species or differences in the test layout. 
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4.3 Serotonin, feeding behaviour and anxiety 

In several studies, primarily on fish (Øverli et al. 2002, 2007 in Silva et al. 

2014), individual feeding behaviours have been used to describe variation in 

personality. Studies on zebra finch (Taeniopygia guttata) have presented a 

connection between feeding behaviour and the activity and sociability axes 

(McCowan & Griffith 2015). Foraging strategies, differing in how fast new food 

was found, and the readiness to feed while being close to conspecifics, were 

associated with different individual personalities ranging the activity and 

sociability axes. In a study on Nile tilapia (Oreochromis niloticus) the authors 

found evidence to strengthen the idea of different feeding behaviour as part of a 

behavioural syndrome, together with activity, by looking at feeding motivation. 

Feeding motivation as being the total of feeding latency and feeding score 

(willingness to begin feeding, Silva et al. 2014). Furthermore, fish with lower 

serotonergic activity (in the hypothalamus) exhibited higher feeding motivation 

(Silva et al. 2014). The association between serotonergic activity and feeding 

behaviour has been exposed in many studies, not at all focusing on animal 

personality, but the actions and implications of feeding behaviour itself (e.g. 

Lent et al. 1989 and Majeed et al. 2016). In a study on leeches (Hirudo spp.), by 

increasing the exposure to serotonin (by a serotonin bath) feeding motivation 

(and behaviour accordingly) increased (Lent et al. 1989). This stands in contrast 

to later tests on fish, where feeding motivation were negatively correlated to 

serotonergic activity in the hypothalamus (Silva et al. 2014). By looking at these 

two seemingly contradictory studies, one can speculate that the correlation 

between serotonin and feeding behaviour is dependent on species, or that the 

measurement and/or definition of feeding behaviour have a significant impact on 

the outcome.  

4.4 Conclusion and suggested areas of further investigations 

Serotonin is involved in many and diverse spectra of animal behaviour and 

personality. It dampens or enhances aggression, according to the individual’s 

motivational state (de Boer et al. 2015). Overall, serotonin correlates negatively 

with anxious traits (e.g. Murphy & Lesch 2008). Feeding behaviour is most 

likely part of a behavioural syndrome, at least in some species (Silva et al. 

2014), and is affected by serotonin in seemingly opposing directions. Clearly, 

much is still to be learned about serotonergic activity and its influence on animal 

personality. The discussion of how serotonin relates to and impacts different 

animal personality traits was somewhat restricted by the seemingly lack of 

empiric papers on in particular the personality axes of sociability and 

exploration. In line with this, the serotonergic interplay in animal personality 
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would benefit from further studies, especially on the role of serotonin in 

personality traits such as exploration and sociability to obtain a fuller picture of 

how serotonin can affect more aspects of animals’ personality.  

4.5 Societal and ethical considerations 

Since no new empirical studies were carried out in this thesis, there is no need 

for a societal and ethical evaluation. 
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